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5, 91. 
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502. Some Nuclear-methylated Styrenes and Related Compounds. 
Part I. 


By F. R. Buck, K. F. Cores, G. T. Kennepy, and F. Morton. 


The effects, on the properties of styrene and ethylbenzene, of the introduction of nuclear 
methyl groups have been investigated by measuring physical properties of suitable hydrocarbons 
of this type, and of binary systems containing them. The presence of two o-methyl groups has 
a profound effect on the nature of styrene; that of one o-methyl group has a much smaller effect. 
Values of physical constants are recorded for certain pure hydrocarbons homologous with 
styrene and ethylbenzene. 


In the last decade, styrene has found application in many fields as the precursor of polystyrene, 
used for electrical and other purposes, and of Buna-S and similar synthetic rubbers. The present 
work was initiated in an attempt to find homologues of styrene which would yield polymers of 
enhanced value. Experiments in this direction in the U.S.A. led to the development of the 
chlorostyrenes (Michalek and Clark, Chem. Eng. News, 1944, 22, 1559) and provided information 
on a large variety of other nuclear-substituted analogues (¢.g., Marvel et al., J. Amer. Chem. Soc., 
1946, 68, 736, 1085, 1088). 

The availability of m- and p-ethyltoluene, mesitylene, and ¥-cumene from natural crude 
oils (¢.g., Morton and Richards, J. Inst. Petroleum, 1943, 29, 67) directed attention to m- and 
p-methylstyrene and to 2 : 4: 6- and 2: 4: 5-trimethylstyrene. These styrene derivatives have 
been described previously, but the available physical data, on both the monomers and the 
polymers, are inadequate. 

The large-scale production of styrene is normally effected by the catalytic dehydrogenation 
of ethylbenzene, which, on account of the position of the thermodynamic equilibrium, does not 
proceed to completion at the temperatures used. An important step in this process is therefore 
the separation, normally by fractional distillation at reduced pressure, of the styrene from 
unchanged ethylbenzene, the latter being re-cycled to the dehydrogenation stage. Before such 
a process could be applied to the homologues of styrene and ethylbenzene, determination of their 
vapour pressure-temperature relations and volatility ratios was n ° 

It is to be expected, especially by analogy with the -paraffin—alk-l-ene equilibria (Kilpatrick 
etal., J. Res. Nat. Bur. Stand., 1946, 36, 559), that the equilibrium constant at a given temperature 
for the reaction nuclear-methylated ethylbenzene = nuclear-methylated styrene + H, will 
be largely independent of the number and position of substituent methyl groups. Evidence in 
support of this has been obtained by calculation, by use of the method of increments and values 
of the necessary thermodynamic functions recently available from the work largely of the 
U.S. National Bureau of Standards and of Pitzer and his collaborators at California (Beckett and 
Pitzer, J. Amer. Chem. Soc., 1946, 68, 2213; Pitzer and Scott, ibid., 1943, 65, 803; Prosen, 
Johnson, and Rossini, J. Res. Nat. Bur. Stand., 1946, 86, 455; Taylor et al., ibid., 1946, 87, 95; 
Wagman é¢ al., ibid., 1945, 34, 143). Such calculations for all the compounds under consideration 
give values of the equilibrium constant which are not significantly different. As has been shown 
by Guttman, Westrum, and Pitzer (J. Amer. Chem. Soc., 1943, 65, 1246), such experimental 
data as are available on the ethylbenzene == styrene + H, equilibrium are in moderate agree- 
ment with calculation, so that it may be expected in turn that nuclear-methylated ethylbenzenes 
will be dehydrogenated under conditions similar to those necessary for ethylbenzene. 

Stanley reported (Chem. and Ind., 1938, 57, 93) that styrene may be separated from ethylbenzene 
by freezing. Since the freezing points of the 2: 4: 5-trimethyl analogues (2 : 4 : 5-trimethyl- 
styrene and 1 : 4: 5-trimethyl-2-ethylbenzene) are much higher, separation of this pair by such 
a method would be far more practicable, provided that the system did not form solid solutions. 
It was with this in mind that the freezing diagram of the system was examined. 

The measurements recorded show that the presence of even one methyl group, but especially 
two, ortho to the vinyl group in vinylbenzenes considerably affects many physical properties of 
the molecule. The classic example of a benzene derivative having a polar substituent between 
two o-methyl groups is nitrodurene, whose dipole moment is reduced from the normal value 
(as in nitrobenzene) nearly to its value in aliphatic nitro-compounds (Birtles and Hampson, /., 
1937, 10); such effects are normally due to steric interaction of the o-methyl groups on the 
adjacent polar substituent hindering the assumption by the molecule of a coplanar configuration, 
and hence in turn reducing the resonance with the benzene nucleus. Recently, ultra-violet 
absorption has been shown to be a valuable means of indicating the presence and extent of this 
ortho effect (see references in Part III of this series), which has received much attention in molecules 
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containing groups such as Ac, NO,, and NMe, but produces phenomena no less definite in the 
relatively more simple hydrocarbons of the styrene series. A preliminary note on some of this 
work has already been published (Nature, 1948, 162, 103). 


EXPERIMENTAL. 


All fractional distillations were effected through a 2 ft. x 1 in. column packed with 4,-in. phosphor- 
bronze gauze ferrules. The styrenes were stored at —20° and freshly distilled in vacuo before use. 

Preparation of Materials ——Ethylbenzene and styrene were obtained from commercial samples by 
fractional distillation. A mixture of m- and p-ethyltoluene was extracted from suitable fractions of 
re-formed naphtha by sulphonation followed by hydrolysis; by ultra-violet absorption it was shown to 
contain 74% of m-ethyltoluene, 21% of p-ethyltoluene and 5% of n-propylbenzene. 985 Ml. of this 
material were Se are by the addition, with stirring, of 1200 ml. of 98% sulphuric acid, and the 
final mixture was hydrolysed by boiling after addition of sufficient water to give a liquid temperature of 
about 120° at the initial boiling point. During this process water was dropped in at a rate rather lower 
than that at which it was removed as distillate, so as to cause the hydrolysis temperature to rise slowly. 
Under these conditions the sulphonic acid of m-ethyltoluene is readily Sodecreal a8 130—140°, whereas 
the ~-isomer and ye py are only slowly produced until the temperature has risen above 140°. 
In this way 660 ml. of a m-ethyltoluene concentrate were obtained, which, after a further similar 
treatment, yielded 520 ml. of re which was finally redistilled under reduced pressure. The 
p-isomer could not be detected in the final material by ultra-violet analysis. ' 

p-Ethyltoluene was obtained by Clemmensen reduction of p-methylacetophenone prepared from 
toluene (a pure grade used as a reference fuel) by the method of Noller and Adams (J. Amer. Chem. Soc., 
1924, 46,1889). 1:4: 5-and 1:3: 5-Trimethyl-2-ethylbenzene were obtained similarly from ¥-cumene 
and mesitylene, respectively, which had been purified from crude materials extracted from petroleum, 
by sulphonation, crystallisation of the sulphonic acids from hydrochloric acid, and hydrolysis. These 
three compounds were finally purified by fractional distillation, centre fractions of constant refractive 
index being bulked. ; 

p-Methylstyrene and 2:4: 5- and 2:4: 6-trimethylstyrene were obtained by reduction of the 
ketones obtained as above to the corr nding carbinols, followed by dehydration by the method of Brooks 
(J. Amer. Chem. Soc., 1944, 66, 1295). The reduction of the ketones was effected with hydrogen at 
100—120°/100 atm. in presence of pe ed chromite, in a Baskerville-Lindsay hydrogenator. Reductions 
were also carried out by the Ponndorf method, using aluminium isopropoxide, but this method was later 
abandoned on account of its inconvenience on anything but a small scale, and also since 50% of the reaction 
product in the case of p-methylacetophenone was the isopropyl ether of the carbinol. 

m-Methylstyrene was obtained from m-xylene (separated and purified from mixed isomers by the 
methods described above for m-ethyltoluene, etc.) by oxidation with manganese dioxide and sulphuric 
acid to m-tolualdehyde, which was converted into the carbinol by methylmagnesium chloride. The 
carbinol was finally dehydrated in the manner mentioned above. 

Freezing Points and Determination of Purities.—Freezing curves were obtained by a simplification of 
the technique used by the U.S. National Bureau of Standards (e.g., Glasgow, Streiff, and Rossini, J. Res. 
Nat. Bur. Stand., 1945, 35, 355); 20-ml. samples and single-junction iron—constantan thermocouples 
calibrated at the freezing point of mercury and the sublimation point of carbon dioxide were used, e.m.f.s 
being measured to +0-01 mv. (equivalent to +0-2°) with a portable potentiometer. m-Methylstyrene 
was still liquid at —70°; a higher degree of refrigeration than that given by solid carbon dioxide was not 
available. Similarly, determinations were not made on m- and p-ethyltoluene since these hydrocarbons 
freeze at —95° and —64°, respectively. From the methods of purification used it is likely, however, that 
these materials, as well as the ethylbenzene and styrene, had a purity of better than 95%. 

Freezing point diagram for the system 1 : 4 : 5-trimethyl-2-ethylbenzene-2 : 4 : 5-trimethylstyrene. Time- 
temperature freezing curves were obtained for a series of mixtures of known composition, by use of a 
simple air-jacketed freezing tube holding 5-ml. samples, mechanical stirrer, and a calibrated alcohol 
thermometer reading to +0-1°. The positions of the solidus lines were approximately determined by 
observing the temperatures at which melting commenced on small samples of mixtures of several 
compositions contained in capillary tubes (the thaw-melt method). Further evidence for the position 
of these solidus lines was obtained from the form of the freezing curves; in the composition range of 
about 10—36 moles-% of 1 : 4: 5-trimethyl-2-ethylbenzene freezing took place over a range of several 
degrees, whereas in the range 50—100 moles-% the freezing range was never greater than 1°; in the 
latter range, therefore, any mixture behaved much as though it were a nearly pure compound, illustrating 
the care necessary in determining purity from freezing curves when the impurity can form a solid solution 
with the major component. jf 

Refractive indices and densities. Refractive indices (np) and dispersions (mp-%c) were determined 
on an Abbé refractometer (carefully calibrated for both these quantities on a series of pure hydrocarbons), 
whose prisms were kept at constant ete by the circulation of water at 20° + 0-1°. Densities 
were obtained to 0-001 or better, using a Westphal balance. 

Boiling points. These were determined for each compound at a series of pressures in a modified 
Othmer equilibrium still (see next section). Temperatures were measured to +0-1° on a mercury 
thermometer, graduated in 0-5° divisions, which had been previously calibrated by use of liquids of 
accurately known boiling points; stem corrections were applied in the usual way, the temperature of the 
emergent stem being measured on a second thermometer. res, held constant by means of a simple 
manostat, were measured to +0-5 mm. on a full-length mercury manometer of the closed-limb type. 
Measurements on the styrenes were made as rapidly as possible to minimise errors due to polymerisation, 
which was inhibited by the presence of a trace of free sulphur. 

Relative volatilities. Attempts were made to determine the relative volatility (a) experimentally 
for each of the systems ethylbenzene-styrene, m-ethyltoluene-m-vinyltoluene, p-ethyltoluene—-viny]l- 
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toluene and 1 : 4: 5-trimethyl-2-ethylbenzene-2: 4 : 5-trimethylstyrene, with use of a modification (having 
a boiler capacity of 50 ml.) of Othmer’s apparatus (Ind. Eng. Chem., 1943, 35, 614). Analyses were 
effected by refractive index. Polymerisation of styrenes in the boiler was inhibited by the presence of a 
trace of free sulphur. After a series of measurements, the “ liquid ’’ sample was tested for the presence 
of polymer by addition (after filtration from sulphur) to an excess of methanol. Precipitation of polymer 
was seldom observed; if it was, the series of measurements was di ed. Measurements on the above 
four systems were carried out.at 100, 40, 40, and 20 mm., respectively, these pressures being chosen to give 
an operating temperature close to 100° in each case. 


RESULTS AND DIscussION. 


Freezing Points and Purities.—These are collected in Table I, along with data from the 
literature where available. 

2:4: 6-Trimethylstyrene is anomalous in this series in having a freezing point lower than 
that of its ethyl analogue. 

The freezing point. diagram for the 1: 4: 5-trimethyl-2-ethylbenzene-2: 4 : 5-trimethyl- 
styrene system is shown in Figurel. It belongs to the rather unusual class showing a continuous 
series of solid solutions interrupted by a transition or peritectic point (see, e.g., Glasstone, 
“ Textbook of Physical Chemistry,’’ Macmillan, 1938, p. 758). Clearly the separation of the 
two components by freezing is not possible. 


Taste I. 


Estimated 
minimum 
purity F. p. 
Hydrocarbon. (moles-%). .p. (literature). 
—94-98°« 
— 30-63 « 
—95-55 © 


Ethylbenzene wid 
Styrene a" 

m-Methylethylbenzene — 

m-Methylstyrene -- — 
p-Methylethylbenzene — — 62-35 * 
p-Methylstyrene 98-5 a 
1: 4: 5-Trimethyl-2-ethylbenzene 99-0 . —13-58* 
2:4: 5-Trimethylstyrene 97-5 

1: 3 : 6-Trimethyl-2-ethylbenzene 97-5 

2:4: 6-Trimethylstyrene 98-0 


* “ Selected Values of Properties of Hydrocarbons,”’ American Petroleum Institute Research Project 
44, June 1948. 
» Smith and Keiss, J. Amer. Chem. Soc., 1939, 61, 284. 


—15-56* 


TABLE II, 
Specific dispersion, 
3 ("y—Mo) |d 
B. p. at 760 mm. ni. Density. x 10 at 20°. 
This Liter- This Liter- This Liter- This Liter- 
Hydrocarbon. work. ature.* work. ature.* work. ature.* work. ature.* 
Ethylbenzene 136-2° 136-187°* 1-4959 1-49594¢ -- 0-86702 ¢ 175 173-9¢ 
Styrene 145-1 145-2¢ 1-5465 1-54682¢ — . 263 265° 
m-Methylethyl- 161-0 161-301* 1-4966 1-49661* di‘ 0-871 , 176 =172-1¢ 
beazene 
m-Methylstyrene 169-8 1684 15406 1:542¢ 180-902 d? 0-900¢ 250 265«< 
p-Methylethyl- 161-5 161-985¢ 1-4952 1-49497° d}*0-869 ag 0-86118¢ 174 173-5¢ 
benzene 
p-Methylstyrene 170-5 169° 1-5421 1-541¢ @4 0-893 d?° 0-897¢ 258 265%¢ 
1:4:5-Trimethyl- 212-0 210° 1-5098 1:5075% di? 0-888 di‘ 0-8890¢ 168 1704 
2-ethylbenzene (725 mm.) 
2:4:5-Trimethyl- 216-8 — 1-5462 1-5379¢  di®*5 0-916 di? 0-9137° 236 
styrene (17°) 
1:3:65-Trimethyl- 210-2 210* 15101 1-5075*  di®0-888 di®* 0-8907° 170 
2-ethylbenzene (725 mm.) 
2:4:6-Trimethyl- 209-0 206° . 1-5323 1-5296¢ 420-906 di’ 0-9073° 206 
styrene (755 mm.) (17-5°) 
* The most recent work is cited when a value is quoted in more than one source. 
* “ Selected Values of Properties of Hydrocarbons,” American Petroleum Institute, 1947 or later. 
* Smith and Keiss, J. Amer. Chem. Soc., 1939, 61, 284. 


© Klages and Keil, Ber., 1903, 36, 1635. 
# Von Auwers, Annalen, 1919, 419, 92. * See discussion in text. 
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Taste III. 


Pressure Pressure Pressure 
‘Temp. (mm.). ‘ De Temp. (mm.). Temp. (mm.). 
Ethylbenzene. , m-Ethyltoluene. m-Vinyltoluene. 
23-0 67-6° 20-2 
. 72-3 
80-7 
87-0 
93-8 
96-5 
106-9 
121-0 
128-3 
138-5 
147-6 
159-2 
169-1 


1: 3 : 5-Trimethyl- 2: 4: 6-Trimethyl- 
p-Vinyltoluene. 2-ethylbenzene. styrene. 
68-6° 88-5° 89-9° 
70-6 91-3 ° 97-1 

96-3 102-2 
102-0 109-9 
107-0 “ 114-5 
110-1 + 117-7 
115-4 . 123-7 
119-0 , 134-5 
122-2 ° 139-2 
125-1 . 141-7 
130-0 . 147-5 
133-9 , 151-8 
140-5 155-8 
151-9 165-2 
161-2 172-8 
174-0 176-4 
185-0 179-1 
195-9 182-4 
210-2 186-4 
192-9 
197-1 
199-8 
205-0 
207-9 
1 : 4: 5-Trimethyl- 1: 4: 5-Trimethyl- 2:4: 5-Trimethyl- 2:4: 5-Trimethyl- 
2-ethylbenzene. 2-ethylbenzene. styrene. styrene. 
87-3 141-2 . 165-8 188 
98-3 150-7 . 177-0 261 
100-2 161-2 . 198-4 470 
101-7 169-1 . 216-3 754 
103-6 174-3 
109-4 182-8 
109-1 187-9 
117-4 197-9 
122-2 205-0 
126-3 207-2 
132-1 


Boiling Points, Refractive Indices, Densities, and Specific Dispersions.—These constants are 
collected in Table II for all the hydrocarbons used, the normal boiling points being obtained from 
the vapour-pressure data (next section). The elevation of refractive index and specific dispersion, 
characteristic of styrenes (in comparison with alkylbenzenes, and of alkenylbenzenes in which at 
least two single bonds intervene between the ethylenic bond and the nucleus), is markedly 
reduced in 2:4: 6-trimethylstyrene. This hydrocarbon shows also an appreciably lower 
optical exaltation (1°0) than the other styrenes examined (1‘3—1°8); 2: 4-, 2: 5-, and 3: 4-di- 
methylstyrenes also have exaltations in the range 1°5—1°9 (B.P. 598,069). 

A significant comparison may be made of the physical properties of 2 : 4 : 6-trimethylstyrene 
and of a-methylstyrene, which also has an abnormally low boiling point, refractive index, and 
optical exaltation (see ref. a, Table II). Resonance between the external double bond and the 
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benzene nucleus is diminished to a similar extent in both compounds, by steric restriction of 
rotation, about the bond between the nucleus and the ethylenic system, caused by interaction 
between the a-hydrogen atom and o-methy] groups in the first, and between the a-methyl group 
and o-hydrogen atoms in the second, compound respectively. 

The specific dispersions of all five monomethylstyrenes quoted by the A.P.I. (loc. cit.) as 
265 are almost certainly incorrect, particularly for «-methylstyrene, for which von Auwers and 
Eisenlohr (J. pr. Chem., 1910, 82, 65) found a value of 230, which is more in line with the other 
properties of this hydrocarbon. 

Fic. 1. 


Temperature. 








1 : 4: 5-Trimethyl-2-ethylbenzene, moles %. 


© Liquidus points from freezing curves. @ Solidus points from thaw-melt method. 
Calculated ideal behaviour. 


Vapour Pressures.—The experimental data on the variation of boiling point with pressure 
are collected in Table III. 

For each compound the data were plotted in the form log p against 1/T. By measurement 
of the slopes of these curves at a series of values of log p, the results were fitted for the temperature 
range 80—120° to equations of the form, log, p = a/T +- 6 logy T + c, where p is the vapour 
pressure (mm.) at an absolute temperature 7, and a, b, and c are constants. The latent heats 
of vaporisation were also calculated from the slopes of the log ~-1/T plots at a series of 
temperatures. The results obtained for the four tetra-substituted compounds are less consistent 
than for the others; this is particularly so in the low-temperature region where the pressures 
are so low as to make possible a large percentage error in their measurement. Hence the detailed 
variation of the heat of vaporisation with temperature could not be measured for these com- 
pounds. The results of these calculations are given in Tables IV and V. 

A comparison with data in the literature, when this is available, shows satisfactory agreement 
(vapour pressures of ethylbenzene, Willingham e¢ al., J. Res. Nat. Bur. Stand., 1945, 35, 219, 
of styrene, Patnode and Scheiber, J. Amer. Chem. Soc., 1939, 61, 3449, and Burchfield, ibid., 
1942, 64, 2501; latent heats of vaporisation of ethylbenzene, styrene, and m- and p-ethyltoluene, 
Haggenmacher, J. Amer. Chem. Soc., 1947, 69, 707, Pitzer, Guttman, and Westrum, ibid., 1946, 
68, 2209, U.S. National Bureau of Standards, unpublished observations cited by Wood and 


TABLE IV. 


Values of a, b, and c in the equation logy, p = a/T + b logy, T + c, representing the variation 
of vapour pressure with temperature in the range 80—120°. 


tyrene 
m-Methylethylbenzene 
m-Methylstyrene 
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TABLE V. 


Latent Heat of Vaporisation, 
kcals. /mole. 


Hydrocarbon. Temp. This work. 


= =oSwe 
IILILILEgeges 


1:4: 
2:4 
1:3: 
2:4 


* See text for references. 


Higgins, Petroleum Refiner, 1943, 22, 87, and Prosen, Johnson, and Rossini, J. Res. Nat. Bur. 
Stand., 1946, 36, 455). The only published vapour-pressure data for 1: 4: 5- and 1:3: 5-tri- 
methyl-2-ethylbenzene (Smith and Keiss, J. Amer. Chem. Soc., 1939, 61, 284) have little 
self-consistency and, judged from freezing points (cf. Table I), were carried out on materials of 
lower purity than those obtained here. 


Fic. 2. 
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200 30008 400 
Total pressure (mm.) 
I. Ethylbenzene-styrene. 


II. Methylethylbenzene—methylstyrene (m- or p-isomer). 
III. 1: 4: 5-Tvimethyl-2-ethylbenzene-2 : 4 : 5-trimethylstyrene. 


The fact that 1 : 4 : 5-trimethyl-2-ethylbenzene boils at a rather higher temperature than does 
the 1:3: 5-compound is not anomalous. The reverse might be expected by comparison with 
durene and isodurene (b. p. 193° and 196°, respectively), but an o-methyl group raises the boiling 
point more than does an o-ethyl group, as shown by the boiling points of the xylenes and the 
ethyltoluenes (Egloff, “‘ Physical Constants of Hydrocarbons,” Vol. III, Reinhold, 1946). 

The anomalous behaviour of 2 : 4 : 6-trimethylstyrene is reflected in a low heat of vaporisation 
as well as a high vapour pressure. 

Relative Volatilities.—On account of the comparatively low values (about 1°3) of the relative 
volatilities («) of the systems examined, the experimental errors inherent in the method of 
analysis were too large to permit accurate representation of the variation of « with composition 
or a significant test of thermodynamic consistency. Nevertheless, the accuracy was sufficient 
to show that all the systems approximated to ideality (in terms of Raoult’s law), with a tendency 
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towards lower values of a as the concentration of the ethyl component increased, except for the 
1: 2:4: 5-substituted system where the reverse was true, 

The approximation to ideal behaviour of these systems is sufficiently close to justify an 
analysis of the variation in « with changing pressure, using values of « calculated from the vapour 
pressure data of the previous section. The result of this is shown in Figure 2. At any given 
value of the total pressure, the value of « for the system 1:4: 5-trimethyl-2-ethylbenzene— 
2:4: 5-trimethylstyrene is about 0°15 below the corresponding value for the other systems. 
This effect appears to be connected with the presence of an o-methyl group rather than with 
increasing similarity of the components as more methyl groups are added, for the following 
reason. The introduction of one m- or p-methy] group has virtually no effect on a, but, from 
the limited vapour pressure data available for o-ethyltoluene and o-vinyltoluene (Egloff, loc. cit.) 
it is clear that the value of « for this system is only about 1:11 at atmospheric pressure; it 
appears that two additional methyl groups lower « further only if one of them is in the second 
ortho position. Thus, at atmospheric pressure, for the system 1 : 3 : 5-trimethyl-2-ethylbenzene- 
2:4: 6-trimethylstyrene, « is about 0°96, but for the 1:2:4:5- system is about 1°15. 
The decrease (1°2° at 760 mm.) in boiling point which accompanies the dehydrogenation of 
1:3: 5-trimethyl-2-ethylbenzene may be compared with the similar decrease (1°7°) accompanying 
the change from -propy]l- to allyl-benzene (Egloff, loc. cit.); in the latter compound no resonance 
is possible between the side-chain double bond and the benzene ring, indicating (even if other 
evidence were not available) that the resonance of the vinyl double bond with the nucleus in 
2:4: 6-trimethylstyrene is less complete than in styrene, whose normal boiling point is 9° 
above that of ethylbenzene. 

The effects of o-methyl groups on the dipole moment (Everard and Sutton, Nature, 1948, 
162, 104) and on the ultra-violet and infra-red absorption spectra (Part III of this series) of 
styrene have also been measured. 

Two main results of the present work have been to show that ortho effects are often pronounced 
in benzene derivatives containing small and relatively non-polar groups such as vinyl, and that 
they may be revealed in the value of almost every physical property of such molecules. Some 
form of electronic field effect may also contribute to these abnormalities, but the steric explanation 
is simplest, and probably the most useful in predicting the likelihood of such effects. 


The authors are indebted to Sir Robert Robinson, P.R.S., for the use of a Baskerville~Lindsay 
hydrogenator in the Dyson Perrins Laboratory, Oxford, and to the Directors of Trinidad Leaseholds 
Limited for permission to publish this and succeeding papers. 


TRINIDAD LEASEHOLDs LIMITED, 
CENTRAL LABORATORY, KING’s LANGLEY, HERTS. [Received, January 27th, 1949.) 





503. Some Nuclear-methylated Styrenes and Related Compounds. 
Part II. 


By G. T. Kennepy and F. Morron. 


The effects on the overall polymerisation rate, on the volume contraction accompanying 
polymerisation, and on the nature of the resulting polymer, of the introduction of nuclear 
methyl groups into styrene have been examined by a study of four styrene homologues. The 
presence of two o-methyl groups (as in 2 : 4: 6-trimethylstyrene) has a profound influence on 
the ease of polymerisation, thus providing further evidence for the reduction in resonance 
energy in such compounds consequent upon steric hindrance to rotation of the vinyl group. 


THE polymers of o-, m-, and p-methylstyrene, and of certain dimethylstyrenes, have been 
made previously (Shorygin and Shorygina, J. Gen. Chem. Russia, 1935, 5, 555; Marvel e¢ al., 
J. Amer. Chem. Soc., 1946, 68, 736, 1088), but there have been no measurements of 
polymerisation rates or adequate characterisation and comparison of the polymers. Shorygin, 
however, showed that poly-o-methylstyrene has improved thermal stability and mechanical 
strength compared with polystyrene and its m- and p-methyl homologues. Valuable 
information on several dimethylstyrenes and their polymers has been given in two recent patent 
specifications (Dominion Tar and Chemical Co. Ltd., B.P. 598,069, 598,558). 

As explained in Part I of this series, the first objective of the present investigation was to 
find a nuclear-methylated styrene which should be readily available from naturally-occurring 
crude oils and yield a polymer of characteristics similar to those of polystyrene but be capable of 
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withstanding higher temperatures without softening. Poly-2: 4: 5-trimethylstyrene fulfils 
these requirements, at least partly; in the light of previous work (loc. cit.) it is probable that 
its increased thermal stability is largely the result of the presence of one o-methyl group. 

The small effect of m- and p-methyl groups, and the effect of two o-methyl groups in altering 
the typical behaviour of styrene, afford a more complete understanding of the influence of 
substitution on the styrene molecule. 


EXPERIMENTAL, 


The hydrocarbon monomers used were those described in Part I. 

Rates of Polymerisation—Small glass tubes containing weighed amounts (ca. 0-9 g.) of each 
monomer were evacuated to a pressure of a few mm., sealed, and immersed in an oil-bath thermostatically 
controlled to +0-1°. After a known time, a tube was rapidly cooled in ice, dried, and broken, and the 
contents were dissolved out by immersion in 20 ml. of benzene in a stoppered bottle. The resulting 
solution was transferred to a small dropping funnel, the bottle being washed out with six successive 
5-ml. portions of benzene. The polymer was precipitated, as a white powdery solid, by dropping this 
solution slowly into 300 ml. of methanol in a three-necked flask, with vigorous mechanical stirring so 
as to yield the precipitate in a finely divided state. The product was filtered on a weighed sintered- 
glass h crucible, washed with 50 ml. of methanol, and dried, first by suction at the pump and then 
over anhydrous calcium chloride in a vacuum desiccator, to constant weight. This procedure was 
a on several samples (heated for different times) of each monomer at temperatures between 
80° and 120°. 

Some measurements were also made on styrene and on ~-methylstyrene by the volume-contraction 
method. For vinyl acetate, Starkweather and Taylor (J. Amer. Chem. Soc., 1930, 52, 4708) have 
shown that the volume contraction is linearly proportional to the degree of polymerisation. This was 
shown to be true also for the above two compounds by ae eee tubes ca. 25 cm. in length 
and 3 mm. in internal diameter, which were two-thirds filled with monomer before being sealed in a 
vacuum. The length of the monomer column could be measured at any time during the course of the 
polymerisation by reference to a scale consisting of a piece of broken thermometer stem fixed to the 
tube. Difficulty was often experienced, with this method, in obtaining the final value of the ope 
contraction at 100% polymerisation because of the formation of bubbles in the column, probably caused 
by incomplete removal of air before sealing. However, by a combination of this method and one 
measurement by the gravimetric method, this final contraction can be calculated if linearity between 
volume contraction and degree of polymerisation is assumed. The validity of this assumption was 
shown by similarity of the polymerisation curves obtained by the two methods. 

Polymer Samples: Refractive Index, Density, and Viscosity Determinations.—Small cylindrical bars 
(1 cm. in diameter and 2—3 cm. in length) of each Sg sow were made by thermal polymerisation in vacuo 
at 100° in thin glass tubes which could be readily broken away from the finished bar. The times of 
a were such as to ensure at least 99% conversion, in the light of the rate measurements 
ound as above. The density of such bars was measured at room temperature by weighing in air and 
in alcohol, and their refractive indices and dispersions were determined (by use of suitably cut and 

lished pieces) on an Abbé refractometer, with a concentrated solution of potassium mercuri-iodide 
K,Hgl,) as contact liquid. 

The densities at elevated temperatures were obtained by a simple dilatometric method, using a glass 
bulb, containing the weighed solid polymer bar, sealed to a capillary tube (ca. 50 cm. in length) of known 
bore. Each dilatometer was filled with a known volume of mercury by a vacuum technique, and the 
bulb immersed in an oil-bath. At any temperature the volume of the polymer sample could be 
calculated from the position (measured against an attached cm. scale) of the mercury meniscus in the 
capillary, since the bore of the capillary, the volumes of the sample and the mercury at room temperature, 
and the coefficient of expansion of mercury (0-000182) were known; no correction was made for the 

ansion of the glass ( ) as this would have been of the same order as the experimental error. 
Dilatometer readings were taken for each sample at intervals of 1°, the heating rate being ca. 0-5° per 
minute, which was found to be near the maximum possible to obtain the necessary thermal equilibrium. 
When the maximum temperature used had been reached, readings were taken while the samples cooled 
at a similar rate. 

The densities of monomeric ~-methylstyrene and 2 : 4: 5-trimethylstyrene at 100° were measured 
in a 10-ml. density bottle. 

Viscosities of benzene solutions of the polymers (precipitated from solution by methanol as described 
above) were measured in an Ostwald viscometer, under conditions similar to those specified by Mark 
(‘‘ Physical Methods of Organic Chemistry,” Vol. I, Interscience, 1946, p. 135). 


RESULTS AND DISCUSSION. 


Polymerisation Rates.—Curves showing percentage polymerisation plotted against reaction 
time were obtained for each monomer at several temperatures; the overall polymerisation 
reaction was in each case approximately unimolecular with respect to monomer concentration, 
as has been shown previously for styrene. Typical curves are shown in Fig. 1. Approximate 
activation energies were calculated from plots of the logarithm of the initial polymerisatio 
rate against the reciprocal of the absolute temperature (Table I). : 

The data of Table I were all obtained by the precipitation—weighing method ; the contraction 
method, used for styrene and -methylstyrene, gave values which were not sufficiently 
consistent for the calculation of energies of activation. 
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TaB_e I. 


Activation energy 
Initial for overall poly- 
polymerisation merisation 
Hydrocarbon. rate.* + 1000 kcals. 
p-Methylstyrene . 17,000 kcals. 


m-Methylstyrene 
19,000 


2:4: 5-Trimethylstyrene 
18,000 


* Percentage polymerising per hour, convertible into absolute units (moles 1. sec.~*), if desired, by 
use of densities and coefficients of expansion given in a later section. 


At 100° the absolute rates of polymerisation of the above three methylated styrenes are 
greater than that of styrene (Fig. 1); similar, but larger, effects are known to be produced by 
nuclear chlorine atoms (Ushakov and Matuzov, J. Appl. Chem. Russia, 1944, 17, 436). 
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I. Styrene (+ Contraction method). Il. p-Methylstyrene (x Contraction method). 
III. m-Methylstyrene. IV. 2:4: 5-Trimethylstyrene. 


The overall activation energy of polymerisation appears to be somewhat reduced by nuclear 
methylation [17—19 kcals. as compared with about 21 kcals. for styrene (see discussion by 
Bamford and Dewar, Proc. Roy. Soc., 1948, A, 192, 323)]; calculations from the data of 
Ushakov and Matuzov (loc. cit.) indicate that a similar reduction to ca. 18,000 kcals. is produced 
by o-, m-, or p-chlorination. 

The data are inadequate for a detailed analysis of the effects of nuclear substitution on the 
individual reactions (initiation, propagation, etc.) involved in polymerisation, but it is likely 
that the major effect of such substitution will be by way of a change in the resonance stability 
and the reactivity of the free radicals. 

In marked contrast to styrene and the three homologues already discussed, 2: 4 : 6-tri- 
methylstyrene was virtually unchanged by heating it at 100° for 19 days; the product showed 
no change in refractive index and gave only a trace of precipitate on addition to excess of 
methanol. At 190°, however, polymerisation to a brittle polymer, showing a marked violet 
fluorescence, was apparently complete after some 40 hours. The remarkable resistance of this 
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compound to polymerisation was noticed, without comment, by Klages (Ber., 1902, 35, 2245) 
who stated that it could be distilled without change at atmospheric pressure, unlike other 
hydrocarbons of this type. This may be explained in terms of the steric effect of the two 
o-methyl groups, producing a barrier to the free rotation of the vinyl group, and hence to the 
assumption of the coplanar configuration necessary for resonance of the latter group with the 
benzene nucleus. Thus the resonance stabilisation of radicals of the type CH,-CHX will be 
much lower than in the simple cases where resonance is not inhibited; such resonance 
stabilisation is of great importance for polymerisation by a free-radical mechanism (see, ¢.g., 
Bawn, “ The Chemistry of High Polymers,” 1948). At higher temperatures a greater 
proportion of the molecules can surmount the energy barrier to rotation of the vinyl group, and 
the rate of polymerisation becomes measurable. 

The failure of m-nitrostyrene to polymerise under similar conditions (Marvel et al., J. Amer. 
Chem. Soc., 1946, 68, 736; Wiley and Smith, J. Polymer Sci., 1948, 3, 444) may be explained 
along similar lines. Radicals of the type (I) will be little stabilised by resonance with, for 
example (II), on account of the much greater stability of resonance forms such as (III) : 


) 

iia 

WY ANNO, NO, 
(I.) (II.) (III.) (IV) 


In p-nitrostyrene, however, the situation is reversed. The diradical (IV) is stabilised by a 
large contribution from (V); thus this compound polymerises extremely readily. 

Since chlorine and methyl groups are similar in size, 2 : 6-dichlorostyrene is comparable 
with 2: 4; 6-trimethylstyrene, but the contribution of structures such as (VII) to the stability 
of the diradical (VI) will be higher if X = Cl than if X = Me. In fact, the stability of such 
structures (X = Cl) might be so great as to overcome the energy barrier to the assumption of 
the necessary coplanar configuration. If this is true, then the fact that 2 : 6-dichlorostyrene 
polymerises easily (Marvel e al., J. Amer. Chem. Soc., 1946, 68, 861), whilst 2 : 4 : 6-trimethyl- 
styrene (and presumably 2 : 6-dimethylstyrene) does not do so, is readily explained. 

Polymerisation of 2:4: 6-trimethylstyrene to a product of low molecular weight was 
readily effected at room temperature by the presence of a trace of a Friedel-Crafts catalyst 
such as stannic chloride. Catalysts of this type also initiate the polymerisation of «a-methyl- 
styrene and m-nitrostyrene, neither of which is easily polymerised by a free-radical mechanism 
(Hersberger, Reid, and Heiligmann, Ind. Eng. Chem., 1945, 37, 1073; Wiley and Smith, 
loc. cit.). 

The failure of a-methylstyrene to polymerise under ordinary conditions is probably caused 
by steric effects similar to those operating in 2:4: 6-trimethylstyrene (see also Part I). 
Enhancing the steric effects by the introduction of sufficiently large o-substituents (Bachman 
and Finholt, J. Amer. Chem. Soc., 1948, 70, 622) destroys, in turn, its ability to copolymerise, 
é.g., with butadiene. 

Refractive Indices and Densities.—Introduction of nuclear methyl groups into polystyrene 
decreases the refractive index and the density, but has no effect on the specific dispersion 
(Table II); in the latter respect this series of polymers is analogous to saturated hydrocarbons, 
whose specific dispersions are independent of molecular weight. The decrease of density with 
increase of substitution might be expected to follow the reduced ability of the polymer chains 
to pack together; this would also explain the decrease in refractive index. Calculated and 
observed unit refractivities are in satisfactory agreement (cf. Wiley, Ind. Eng. Chem., 1946, 
38, 959) except for poly-2 : 4: 5-trimethylstyrene, which shows an exaltation of 1-0 unit. 

All the polymers, when properly prepared, were transparent, colourless, and hard solids; 
they could be readily cut (with a hack-saw), filed, and polished without the development of 
cracks. Their surfaces, however, could readily be marred by scratches, a property typical of 
polystyrene itself. 

From the densities of the monomers at 20° (Part I of this series) and at 100° (Table III), 
and of the polymers at the same temperatures (Table II and next section), the effect of 
temperature on the volume contraction accompanying polymerisation was calculated 
(Table IV). Nuclear methyl groups have a marked effect in reducing this contraction, which, 
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for a given monomer, is increased at higher temperatures. These effects, and also the decrease 
in coefficient of expansion of the monomers with an increasing number of methyl groups 
(Table III), must, like the polymer densities, be explicable in molecular terms, being connected 
with the relative ease of packing of the various monomer and polymer molecules. 

The contraction accompanying the polymerisation of 2:4: 6-trimethylstyrene at 190° 
was 19—20%. 

TaBLeE II. 
Unit refractivity : 10*(np — no) /d 
Polymer. , , Obs. Calc. at 20°. 

Polystyrene * , ‘ 33-51 33-35 177 
Poly-m-methylstyrene . . 38-27 37-96 177 
Poly-p-methylstyrene c 38-26 37-96 176 
Poly-2 : 4 : 5-trimethylstyrene 1-5711 . 48-17 47-18 177 


* Commercial “ Distrene ”’ has n}?? 1-5912. 


TABLE III. 


Mean coefficient of 
volume expansion.* 
tyr 113. x 10“ 
p-Methylstyrene , 9-75 x 10 
2:4: 6-Trimethylstyrene 5 8-22 x 10 
* Calculated from the equation d?° = d}® (1 + 80a). 
* Patnode and Scheiber, J. Amer. Chem. Soc., 1939, 61, 3449. 


TABLE IV. 

Contraction on polymerisation 

(% on initial volume) 

at 100° 

Hydrocarbon. -). (calc.). (obs.).* 
picid saicekiuaeebenstsaensenas anoneauninedieven , 19-4 19-8 
m-Methylstyrene : — —_ 
p-Methylstyrene , 16-8 13-4 
2:4: 5-Trimethylstyrene , 12-5 — 
* From contraction experiments described in an earlier section. 


Second-order Transition Points.—Poly-2 : 4: 5-trimethylstyrene has an appreciably higher 
second-order transition point (7J,) than any of the other polystyrenes investigated (Table V, 
Fig. 2). This temperature, which Kauzmann (Chem. Reviews, 1948, 48, 219) calls the glassy 
transformation point, is usually closely related to the more empirical softening and heat- 
distortion temperatures of polymers (Wiley, Ind. Eng. Chem., 1942, 34, 1052). It is depressed 
by the presence of p-, and unaffected by m-, methyl groups in polystyrene; its appreciably 
higher value for poly-2 : 4: 5-trimethylstyrene is almost certainly caused by the presence of 
an o-methyl group rather than by the bulk effect of the three groups, in view of the work of 
Shorygin and Shorygina (Joc. cit.) and, more particularly, of the Dominion Tar and Chemical Co. 
(loc. cit.), who found that the polymeis of 2: 3-, 2: 4-, and 2: 5-dimethylstyrene each had a 
heat-distortion temperature of 102—106°, whereas that of poly-3:4-dimethylstyrene was 
81—83°. 

The coefficients of expansion («) in Table V were calculated on the basis of the equation 
V, = V,(1 + at), where V; is the specific volume at temperature ¢ (°c.) and V, is the 
(extrapolated) specific volume at 0°. Poly-2: 4: 5-trimethylstyrene has an appreciably higher 
expausion coefficient above its transition point than have the other polymers; previously 
recorded values of T,, «,, and a, for polystyrene vary from 76° to 82°, 2°1 x 10*to2°7 x 10°, 
and 43 x 10*to 5°9 x 10+, respectively (Wiley, Joc. cit.; Boyer and Spencer, J. Appl. Physics, 
1944, 15, 398; 1946, 17, 398; Alfrey e¢ al., ibid., 1943, 14, 700; Clash and Rynkiewicz, Ind. 
Eng. Chem., 1944, 36, 279). 

Time effects on specific volume at a constant temperature, similar to those described by 
Boyer and Spencer (loc. cit.) were observed during all these determinations, but were not 
examined quantitatively. 

No measurements were made on the brittle polymer of low molecular weight which was 
obtained from 2 : 4: 6-trimethylstyrene. The fluorescence of this polymer (see above) suggests 
that some condensation to conjugated polynuclear hydrocarbons takes place together with 
polymerisation. 

The interpolymer of m- and p-methylstyrene in the ratio of 3: 1, was prepared since m- and 





2388 Some Nuclear-methylated Styrenes, etc. Part II. 


p-ethyltoluene normally occur together in natural petroleum in this ratio. A polymer of this 
composition might, therefore, be readily obtained by way of the dehydrogenation of ethy]l- 
toluenes extracted from petroleum. 

Fic. 2. 
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I. Poly-2 : 4: 5-trimethylstyrene. II. Poly-p-methylstyrene. III. Poly-m-methylstyrene. 
IV. Polymethylstyrene (m/p = 3/1). V. Polystyrene. 


TABLE V. 
Coefficients of volume 
Transition expansion Xx 10*. 
Below T,. Above T,. 

Polymer. Zo ; Qs. 
Polystyrene , 5-75 
Poly-p-methylstyrene : 6-31 
Poly-m-methylstyrene ° 6-31 
Polymethylstyrene (m : p ratio, 3 : 1) . 6-58 
Poly-2 : 4 : 5-trimethylstyrene . 9-24 


Viscosity Measurements.—A comparison of the molecular weights of the polymers obtained 
by thermal polymerisation at 100° was made by calculation from the relative viscosities of 1% 
(by wt.) solutions in benzene at 30°, using the equation, M = K logy, (n,/C), where M is the 
molecular weight, 7, is the relative viscosity, C is the concentration in base moles/l., and K is 
a constant, taken as 0°45 x 10‘ for all the polymers (Kemp and Peters, Ind. Eng. Chem., 1942, 
34, 1097). 


TABLE VI. 


‘ Relative viscosity 
Polymer.* in solution.* ** Molecular weight.” 
Polystyrene . 3-48 
Poly-m-methylstyrene 5-22 
Poly-p-methylstyrene 2-07 
Polymethylstyrene (m : p ratio, 3 : 1) 4-05 
Poly-2 : 4: 5-trimethylstyrene 2-24 
Poly-2 : 4: 6-trimethylstyrene t 1-09 


* See text for details. + 190° polymer, not purified by precipitation. 


Molecular weights obtained in this way have little absolute significance, but are useful as a 
comparison between the different homologues (Table VI). m-Methylstyrene clearly yields a 
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polymer having a much greater degree of polymerisation than has any of the others. The low 
molecular weight of the sample of poly-2 : 4 : 6-trimethylstyrene accords with its brittle nature 
and is due to the high temperature of polymerisation. 

Two commercial samples of polystyrene, ‘‘ Polystyrene 120” and “ Distrene 80,” had 
molecular weights, as determined by this method, of 20,300 and 15,000, respectively, 


The authors are indebted to Miss M. Scholtz for experimental assistance. 


TRINIDAD LEASEHOLDS LIMITED, 
CENTRAL LABORATORY, KiNG’s LANGLEY, HERTs. [Received, January 27th, 1949.] 
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504. Some Nuclear-methylated Styrenes and Related Compounds. 
Part III. Absorption Spectra. 


By K. C. Bryant, G. T. KENNEDY, and (Miss) E. M. TANNER. 


The infra-red and ultra-violet spectra of m- and at pees 2:4: 5-trimethylstyrene, 
2:4: 6-trimethylstyrene, and therr | polymers, and of 1 : 4: 5-trimethyl-2-ethylbenzene and 
1:3: 5-trimethyl-2-ethylbenzene have been measured. The ultra-violet spectrum of 
2:4: 6-trimethylstyrene indicates that the rotation of the vinyl group is restricted by the 
o-methyl groups. e application of differences in absorption to the analysis of appropriate 
mixtures is discussed. 





Ir was expected that the methylated styrenes obtained by any process using the aromatic 
hydrocarbons in petroleum as a starting material might consist of a mixture of isomers, The 
normal methods of estimating styrene and its homologues do not differentiate between the various 
isomers (which may yield polymers of widely differing properties). To investigate the suitability 
of the spectroscopic method the infra-red and ultra-violet spectra of some of these compounds 
have been measured. 

The presence of small amounts of monomer or other polar impurities in a polymerised styrene 
may seriously affect its electrical properties. Differences between the spectra of styrene and its 
polymer have already been used for estimating the amount of monomer present in the latter 
(McGovern, Grimm, and Teach, Analyt. Chem., 1948, 20, 313). In order to extend this method 
to the substituted styrenes, it was necessary to measure the infra-red and ultra-violet spectra of 
their pure precipitated polymers. 

EXPERIMENTAL. 

The Ye se ee and ee aware of the styrenes and trimethylethylbenzenes are described in Part I of 
this series, and of the polymers in Part II (preceding papers). 

The infra-red spectra were measured in the regions 5—l5y., using a Hilger D.209 double-beam 
recording aan, with a rock-salt prism. The monomers were also examined by Dr. H. W. 
Thompson on a similar spectrometer, with a fluorite prism. The liquids were measured in a cell approx. 


0-1 mm. thick, with rock-salt windows. The polymers were examined as thin films, made by evaporation 
from carbon tetrachloride solution. 

The ultra-violet absorption of the monomers was determined in isooctane, by use of a Hilger E. 498 
Medium quartz spectrograph and a Spekker spectrophotometer, with a spark struck between tungsten-steel 
electrodes as a source of radiation. The monomers were washed free from inhibitor with dilute sodium 
hydroxide solution, washed with water, dried (CaCl,), and redistilled immediately before use. The 
polymers were examined in carbon tetrachloride solution, using a hydrogen discharge tube as source, 
since only those from 2 : 4: 5- and 2:4: 6-trimethylstyrene were soluble in isooctane. 


RESULTS AND DISCUSSION. 


Infra-red Spectra—1. Monomers. The infra-red absorption spectra of styrene, m- and 
p-methylstyrene, and 2: 4: 5- and 2: 4: 6-trimethylstyrene are shown in Fig. 1. The sample | 
of p-methylstyrene gave weak bands at 773, 795, 1485, and 1670 cm.-* not reported by 
Barnes e¢ al. (J. Appl. Physics, 1945, 16, 77); these were presumably due to impurities and are 
omitted from the figure. The first four of the compounds give bands at 905 and 990 cm.-! which 
may be attributed to deformations of the C-H bonds attached to the C—C link (Thompson and 
Torkington, Tvans. Faraday Soc., 1945, 41, 246). However, there are small but definite shifts 
to 920 and 995 cm.- in the case of 2 : 4 : 6-trimethylstyrene, which may be due to the restricted 
rotation of the vinyl group in this compound but not in the others. It has also been pointed out 
by Dr. H. W. Thompson that only in the case of the two trimethylstyrenes does the band at 
ca. 1630 cm.-1 (C—C valency frequency) split up into two components of approximately equal 
intensity; this feature appears to be absent from a- and §-methylstyrene (A.P.I. “‘ Catalogue of 
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Spectra ’’). In general, these compounds conform to the correlation rules put forward by 
Barnes et al. (‘‘ Infra-Red Spectroscopy,” Reinhold) and Thompson (J., 1948, 328) connecting 
frequencies with specific atomic groupings and with the orientation of nuclear substituents. 

It is very probable that a successful method for the analysis of mixtures of m- and p-methyl- 
styrene on the one hand, and of the two trimethylstyrenes on the other, could be developed 
using their bands in the 700—900-cm.- region. 

2. Polymers. The spectra of the pure precipitated polymers are shown in Fig. 2. The 
spectrum found for polystyrene is similar to those given by Thompson and Torkington (loc. cit.) 


Fic. 1. 
Infra-red absorption spectra of styrene homologues. 
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and the A.P.I. (op. cit.). It may be noted that the polymers show the bands characteristic 
of the orientation of the substituents round the benzene nucleus. Thus poly-m- and 
-p-methylstyrene have bands at 785 and 820 cm.-", characteristic of m- and p-dialkylbenzene, 
respectively; poly-2 : 4: 5-trimethylstyrene shows a strong band at 875 cm. (cf. durene 
865 cm.-}, and 1: 4: 5-trimethyl-2-ethylbenzene 870 cm.-) and poly-2 : 4 : 6-trimethylstyrene 
shows a strong band at 855 cm.-! (cf. isodurene 845 cm.-, and 1 : 3 : 5-trimethyl-2-ethylbenzene 
850cm.-1). However, it should be noted that the band usually found at ca. 1600 cm.- in benzene 
derivatives and assumed to arise from a vibration of the benzene nucleus (Pitzer and Scott, 
J. Amer. Chem. Soc., 1943, 65, 803) is weak or absent in poly-2 : 4: 5-trimethylstyrene. This 
is also the case with durene (though symmetry considerations may forbid it here) and 1 : 4: 5- 
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trimethyl-2-ethylbenzene, whose spectrum is shown in Fig. 3, together with that of 
1:3: 5-trimethyl-2-ethylbenzene. 

Uliva-violet Spectra.—1. Monomers. The ultra-violet absorption spectra are shown in 
Fig. 4, with that of styrene for comparison. 

The spectra of m- and p-methylstyrenes in isooctane are similar both in the position and in the 
intensity of absorption. The spectrum of p-methylstyrene in alcohol has been measured by 
Elliott and Cook (Ind. Eng. Chem. Anal., 1944, 16, 20); in both solvents the absorption is 
similar to that of styrene, in which, however, corresponding bands lie at shorter wave-lengths 
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Infra-red absorption spectra of polystyrene homologues. 
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and show weaker absorption. The wave-length of the same band seems to vary only slightly 
from one solvent to the other, and it is reasonable to assume that this is also the case with 
2-methylstyrene whose spectrum in alcohol has been reported (Ramart-Lucas and Hoch, Bull. 
Soc. chim., 1938, 5, 848). It thus appears that the ultra-violet spectra of the three nuclear 
methylstyrenes are much more similar than those of the methylethylbenzenes (A.P.I., loc. cit.), 
and their use for the identification and determination of individual isomers in a mixture is not 
practicable. 

There is a considerable difference between the spectra of the two trimethylstyrenes examined 
(see Fig. 4); 2:4: 6-trimethylstyrene shows very much weaker absorption than does styrene 
in the region 2700—3000 a. Similarly reduced absorption has also been observed for mesitylene 
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derivatives containing, for example, an acetyl group (O’Shaughnessy and Rodebush, J. Amer. 
Chem. Soc., 1940, 62, 2906), a nitro-group (Brown and Reagan, J. Amer. Chem. Soc., 1947, 69, 
1032), or a dimethylamino-group (Remington, J. Amer. Chem. Soc., 1945, 67, 1838). This has 


Fic. 3. 
Infra-red absorption spectra of 1:3: 5(top)- and 1: 4: 5(bottom)-trimethyl-2-ethylbenzenes. 
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A, A. 
been attributed to the restriction, by the adjacent methyl groups, of the rotation of the larger 


group about the single bond joining it to the nucleus, leading to a higher energy barrier to the 
assumption of the co-planar configuration necessary for resonance with the benzene nucleus. 
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The same effect is presumably operative with 2 : 4: 6-trimethylstyrene. It may be noted that 
a-methylstyrene (A.P.I., op. cit.) and p : a-dimethylstyrene (Elliott and Cook, Joc. cit.) also show 
reduced absorption relative to styrene. In both cases a scale model indicates that steric factors 
similar to that in 2: 4: 6-trimethylstyrene may operate (see Part I). 

The differences between the spectra of 2:4: 5- and 2: 4: 6-trimethylstyrene can be used 
for determining the former in mixtures of the two, but the absence of suitable selective absorption 
in the latter precludes the use of its ultra-violet absorption spectrum for analysis. 

2. Polymers. The spectra of the polymers examined qualitatively in carbon tetrachloride 
exhibit an effect analogous to that observed in the infra-red region, namely, the possession of 
absorption bands characteristic of the corresponding nuclear-methylated ethylbenzene. 
Thus, the spectrum of poly-2: 4: 5-trimethylstyrene is similar to that of 1:4: 5-tri- 
methyl-2-ethylbenzene but displaced to slightly longer wave-lengths. 

The differences between the ultra-violet spectra of the monomers and polymers can thus 
be used for the detection of very small amounts of a monomer in its polymer, except in the case 
of 2:4: 6-trimethylstyrene. 


The authors thank Dr. H. W. Thompson, F.R.S., for his co-operation, and Dr. F. Morton for his 
interest and advice. 


TRINIDAD LEASEHOLDS LIMITED, 
CENTRAL LABORATORY, K1NG’s LANGLEY, HERTs. (Received, January 27th, 1949.] 





505. Cinnolines. Part XXI. Further Observations on the 
Richter Synthesis. 


By K. ScHoFIELD and T. Swain. 


The effect of substituents upon the Richter synthesis of 4-hydroxycinnolines (II) from 
o-aminophenylacetylenes (I) has been further examined. 6-Chloro- and 6-bromo-4-hydroxy- 
cinnoline-3-carboxylic acid, 4-hydroxy- and 6-methoxy-4-hydroxy-3-phenylcinnoline have been 
prepared. The diazotisation of 2-amino- and 5-chloro-2-amino-tolazole, as well as of 2 : 2’-di- 
aminodiphenyldiacetylene, has been investigated, and the mechanism of the Richter synthesis is 
discussed in the light of these results. 


Tue reaction discovered by von Richter, which led to the first authentic cinnoline derivative 
(Ber., 1883, 16, 677) and consists in the diazotisation of suitably substituted o-aminophenyl- 
acetylenes (I) ——> (II), has hitherto proved applicable in the cases where R is a hydrogen atom 
or a carboxyl group (Schofield and Simpson, Part III, J., 1945, 512). Although the reaction is 
of no practical value as a source of 4-hydroxycinnolines, having been superseded by the Borsche 
reaction (Part IV, J., 1945, 520, and subsequent papers), the so-called ‘‘ Richter acids ’’ (II; 
R = CO,H) have proved to be compounds of surprising reactivity (Schofield and Simpson, /., 
1946, 472). For this reason, and also because of the bearing of the reaction upon modes of 
addition to acetylenic linkages, we decided to attempt a wider delineation of its scope and 
mechanism by examining the effect of further variations in R and R’ in (I). 


OH 
= YY 


| (II.) 
IN 


H,O R’ \ J 

The nature of the substituents present in the benzene ring of o-aminoacetophenones affects 
considerably the Borsche synthesis of 4-hydroxycinnolines, (VII) —» (VIII) (Parts IV and 
XVIII; Joc. cit., and J., 1948, 1170), electron-attracting groups ortho or para to the amino-group 
exerting a favouring influence. Since the Richter reaction proceeds when electron-releasing 
groups are present (R= CO,H, R’= MeO, R” =H, R’R” =CH,0O,; Schofield and 
Simpson, Joc. cit.), it was of interest to evaluate the effect of electronegative groups. Accord- 
ingly, we have worked with compounds containing halogen atoms. 5-Chloro- and 5-bromo- 
2-rfitrocinnamic acids have previously been obtained by a Perkin synthesis (Eichengriin and 
Einhorn, Annalen, 1891, 262, 133; Eichengriin and Gernheim, ibid., 1895, 284, 132). The 
Doebner modification of this reaction (Doebner, Ber., 1900, 38, 2140; 1902, 35, 1137) has now 
given good yields of these compounds. Subsequent bromination provided «$-dibromo-B-(5- 
chloro-2-nitrophenyl)- and -8-(5-bromo-2-nitrophenyl)-propionic acid. Attempts to dehydro- 

7Q 
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brominate these products led mainly to the regeneration of the original cinnamic acids, but small 
yields of the desired propiolic acids were obtained. Reduction of the latter, and diazotisation 
of the resulting amines, without isolation, gave 6-chloro- and 6-bromo-4-hydroxycinnoline- 
3-carboxylic acid (II; R= CO,H, R” =H, R’=Clor Br). The character of these acids 
was proved by decarboxylation to the expected 6-chloro- and 6-bromo-4-hydroxycinnoline, 
identical with authentic specimens. Decarboxylation of the propiolic acids gave 5-chloro- 
and 5-bromo-2-nitrophenylacetylene, reduction of which, followed by diazotisation of the amines, 
provided 6-chloro- and 6-bromo-4-hydroxycinnoline. 

We next turned our attention to the diazotisation of compounds of the type (I; R = Ph). 
2-Aminotolane (I; R = Ph, R’ = R” = H) has been described by Ruggli and Schind (Helv, 
Chim. Acta, 1935, 18, 1215). We have effected minor improvements in the route to this com- 
pound. To extend the range of aminotolanes available, 2-nitro-5-methoxybenzaldehyde was 
condensed with phenylacetic acid, giving cis-2-nitro-5-methoxy-a-phenylcinnamic acid. De- 
carboxylation gave cis-2-nitro-5-methoxystilbene, which yielded a sticky dichloride from which 
little or none of the tolane could be obtained. However, isomerisation of this stilbene pro- 
vided trans-2-nitro-5-methoxystilbene, of which the dichloride yielded 2-nitro-5-methoxytolane 
by dehydrochlorination. The allocation of cis- and trans-structures to these stilbenes is justi- 
fied by the methods of preparation, and by the similarity of their behaviour to that of the 
corresponding forms of 2-nitrostilbene (Ruggli, Caspar, and Hegedus, Helv. Chim. Acta, 1937, 20, 
250). Diazotisation of 2-aminotolane gave 4-hydroxy-3-phenylcinnoline, characterised by 
conversion into 4-chloro-3-phenylcinnoline. From experiments on the reduction of 2-nitro- 
5-methoxytolane we were not able to isolate a pure product with the quantities of material 
available, but diazotisation of the crude reduction product’ gave 4-hydroxy-6-methoxy-3-phenyl- 
cinnoline. 

In the case of (I; R = pyridyl), the necessary intermediates as far as 2-nitrotolazole have 
been described (Ruggli and Cuenin, Helv. Chim. Acta, 1944, 27, 649), but we experienced diffi- 
culties in repeating portions of the work described by these authors, and found it necessary to 
modify their procedures. Again to increase the range of available compounds we prepared 
5-chloro-2-nitrostilbazole, and from the derived dichloride obtained by dehydrochlorination 
5-chloro-2-nitrotolazole. The nitrotolazoles were reduced to 2-aminotolazole (1; R = pyridyl, 
R’ = R” = H), and 5-chloro-2-aminotolazole (I; R = pyridyl, R’ = Cl, R” = H), respectively. 
Diazotisation of these amines gave tarry products from which were isolated, as their picrates, 
what we take to be 2-hydroxy- and 5-chloro-2-hydroxy-tolazole. 

From the theoretical standpoint the diazotisation of 2: 2’-diaminodiphenyldiacetylene 
(III) promised to be interesting. This compound has been described by Baeyer and Lansberg 
(Ber., 1882, 15, 57) who obtained it by oxidising the copper derivative of 2-acetamidophenyl- 
acetylene with potassium ferricyanide. In our hands this method gave poor yields, and 
atmospheric oxidation of the copper compound proved more satisfactory (Salkind and Fundyler, 
Ber., 1936, 69, 128). An attempt to prepare the diacetylene through a Grignard reagent 
(Danehy and Nieuwland, J. Amer. Chem. Soc., 1936, 58, 1609) failed. Tetrazotisation of 
2 : 2’-diaminodiphenyldiacetylene gave a compound, m. p. 224—-225°, for which analysis suggests 
the structure (IV). An experiment in more concentrated acid gave a second product, m. p. 
265—266°, possibly arising from (IV) by hydration of the acetylenic linkage. Whilst there 
seems no doubt that only one cinnoline ring is formed from this diamine, owing to their in- 
accessibility the products were not further examined and their structures must be regarded as 


tentative. 
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The new examples now available make possible a more complete discussion of the nature 
of the Richter synthesis, and its relation to certain other reactions, than was originally possible. 
The facts relating to the reaction may be summarised thus. (a) Cinnoline formation is in- 
dependent of the nature of the substituent at C,,, in the parent phenylacetylene, occurring when 
this is methoxyl, hydrogen (Part III, loc. cit.), or halogen. (b) The substituent on C,,, may 
vary from carboxyl to hydrogen or phenyl, but may not be so strongly electron-attracting as 
a-pyridinium. 

Previously (Part IV, loc. cit.) we outlined arguments against a mechanism for the Richter 
syuthesis involving completed hydration of the acetylenic linkage before ring-closure. The 
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mechanism suggested for the reaction, (V) —> (VI), involves intramolecular co-ordination 
of the diazonium group with C,,, of the side-chain, together with simultaneous addition of the 


elements of hydroxyltoCg,. The facts mentioned in (a) above provide support for this argument. 
This is seen by comparison with the Borsche reaction, (VII) ——> (VIII), which, in dilute acid, 
depends for its success upon the presence of an electron-attracting substituent para (or ortho) 
to the diazonium group (R’ in VII), it being essential under these conditions to stabilise the latter 
to accommodate the true rate-controlling step which is the enolisation of the ketone group 
(Part XVIII, loc. cit.). If initial completed hydration of the triple bond occurred in the Richter 
reaction, a similar state of affairs would arise, but the synthesis is in fact independent of such 
enolisation, and hence of the character of the substituent R’ in (V). As shown by the facts 
(b), the Richter reaction can tolerate fairly wide variations in the C,,, substituent (R in V), 
failing to give a cinnoline only in the cases where R absorbs electronic charge accruing at C,,, by 
polarisation of the acetylene group (V) and essential there for co-ordination with the diazonium 
cation if cinnoline formation is to.occur. Thus the reaction fails in the case of (V; R = pyridyl), 
for the pyridyl group will become strongly electron-attracting in acid solution (cf. Part VII fora 
similar effect in the Widman-Stoermer synthesis, J., 1946, 673). 

The examples of cinnoline formation from tolane derivatives are especially interesting in rela- 
tion to the hydration of acetylenic compounds. Cinnoline formation from o-aminophenyl- 
acetylene was anticipated because this compound on hydration gives o-aminoacetophenone, 
(IX) ——> (X) (Part III, loc. cit.). Here the protonised amino-group appears not to exert its 
expected electron-attracting effect through the aromatic nucleus. Now in other cases, in the 
tolane field, substituents in the aromatic nuclei effectively control the direction of hydration 
exactly as predicted from electronic theory [e.g., (XI) —~ (XIII), Chem. Reviews, 1938, 23, 
247; (XI) ——> (XII), and (XI) —-> (XIV), Harrison, J., 1926, 1232]. Thus the hydration of 
o-aminophenylacetylene, and cinnoline formation from diazotised 2-aminotolanes, appear to be 
anomalous, unless it is granted that in both cases the substituent group exerts itself across space 
rather than through the aromatic nucleus [as in (V) and (IX)]. The necessity for this kind of 
polarisation, leading to incipient hydration in the required direction is stressed by the fact that 
tolanes are linear molecules (Robertson and Woodward, Proc. Roy. Soc., 1938, A, 164, 436) 
and could not otherwise form the non-linear transition state leading to cyclisation. 


ss 
(XII; R= R” =NHAc, R’ =H) 
= \ 
sy hoe 


(XIII; R = R’ = NO,, R” 
(XIV; R = R” = NO, R’ = 





ar ‘)\CH=CPh-CO,H 


(XVIL.) (XVIII.) 


The probable formation of only one cinnoline ring from tetrazotised 2 : 2’-diaminodiphenyl- 
diacetylene contrasts with the production of di-isatogen (XV) from the related dinitro-compound. 
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The difference is understandable if isatogen formation is a free-radical process as suggested 
by Ruggli, Caspar, and Hegedus (loc. cit.). 

In connection with the work described above on tolane derivatives, we prepared 5-chloro- 
2-nitro-a-phenylcinnamic acid, hoping to proceed thence by the usual steps to the related tolane, 
However, attempts to decarboxylate this acid gave small amounts of a nitrogen-free compound, 
m. p. 198—199°, apparently C,;H,O,Cl or C,;H,,0,Cl. (XVI) and (XVII) appeared to be 
possible structures. The first of these, 2-chlorophenanthrene-9-carboxylic acid, m. p. 233—234°, 
was obtained from a Pschorr reaction with 5-chloro-2-amino-a-phenylcinnamic acid, formed by 
reduction of the nitro-acid. Both it and 3-chloro-a-phenylcinnamic acid (XVII), m. p. 163—164°, 
differed from the unknown product which, indeed, did not manifest acidic properties and seems 
to be best represented by the structure (XVIII). 


EXPERIMENTAL, 


M.p.s are uncorrected. Unless otherwise stated, ethereal extracts were dried with sodium sulphate, 

5-Chloro-2-nitrocinnamic Acid.—5-Chloro-2-nitrobenzaldehyde (50 g.) (obtained in quantitative yield 
by the method of Mettler, Ber., 1905, 38, 2807), malonic acid (56 g.), pyridine (100 c.c.), and piperidine 
(2 c.c.) were heated for 2 hours at 95°, the solution was boiled for } hour and poured into 2N-hydrochloric 
acid (750 c.c.), giving a substantially pure product (44g.). The acid formed white micro-crystals, m. p. 
174°, from dilute alcohol. The methyl ester gave white needles, m. p. 130—131°, from ether-—ligroin 
(b. p. 40—60°) (Found: C, 49-9; H, 3-0. C,,H,O,NCI requires C, 49-7; H, 3-3%). 

5-Bromo-2-nitrocinnamic Acid.—5-Bromo-2-nitrobenzaldehyde (20 g.) (Mettler, Joc. cit.) gave in the 
same way 5-bromo-2-nitrocinnamic acid (19-8 g.), forming cream-coloured needles, m. Pp. 170—171°, 
from ethanol. The methyl ester gave white needles, m. p. 150—151°, from ether-ligroin (b. p. 40—60°) 
(Found : C, 42-5; H, 2-7. CyH,O,NBr requires C, 42-0; H, 2-8%). 

aB-Dibromo-B-(5-chloro-2-nttrophenyl)- and aB-Dibromo-B-(5-bromo-2-nitrophenyl)-propionic Acid.—The 
chlorocinnamic acid (20 g.) was heated for 4 hour at 95° with bromine in acetic acid (72 c.c.; 30% 
= weight), the solution was diluted with water (105 c.c.), and the massive yellow crystals were collected 
(27-6 g.). ee ens eae ionic acid formed white micro-crystals, m. p. 
179-5—180°, from dilute alcohol (Fouiid: C, 28-5; H, 1-9. C,H,O,NCIBr, requires C, 27-9; H, 1-6%). 

Pr ed by this method, in equal yield, a8-dibromo-B-(5-bromo-2-nitrophenyl)propionic acid —— 
from dilute alcohol in yellow crystals, m. p. 194° (slight decomp.) (Found: C, 25-6; H, 1:8. 
C,H,O,NBr, requires C, 25-0; H, 1-4%). 

5-Chloro- and 5-Bromo-2-nitrophenylpropiolic Acid.—The chloro-dibromide (40 g.) in alcohol (200 c.c.) 
and 10% aqueous sodium hydroxide (260 c.c.) were set aside for 6 hours at room temperature, and the 
mixture was poured into 2N-nitric acid (250 c.c.). The decarboxylation experiments below indicate 
that the crude product (18-6 g.) contained about 50% of the original cinnamic acid. Exhaustive 
crystallisation from water gave small buff-coloured crystals of 5-chloro-2-nitrophenylpropiolic acid, m. p. 
138° (decomp.). The behaviour of the bromo-dibromide was similar, and 5-bromo-2-nitrophenyl- 
propiolic acid gave colourless crystals, m. p. 136—137° (decomp.). Satisfactory analyses of these 
compounds were not obtained, perhaps owing to decarboxylation during drying. 

5-Chloro- and 5-Bromo-2-nitrophenylacetylene.—In each case the crude mixture obtained as above 
(10 g.) was heated under reflux for 22 hours with water (1-6 1.) and then steam-distilled. The reaction 
liquor, on cooling, deposited the parent cinnamic acid (ca. 5 g.). Ether-extraction of the distillate 
(1-5 1.) gave the arylacetylene (ca. 45%, allowing for recovered cinnamic acid). 5-Chloro-2-nitrophenyl- 
acetylene formed long white needles, m. p. 78—79°, from dilute alcohol (Found: C, 53-5; , 2-6. 
C,H,O,NCI requires C, 52-9; H, 2:2%), and 5-bromo-2-nitrophenylacetylene was obtained in the same form, 
m. p. 92—93°, from this solvent (Found: C. 42-5; H, 1-7. C,H,O,NBr requires C, 42-5; H, 1-8%). 

6-Chloro- and 6-Bromo-4-hydroxycinnoline-3-carboxylic ‘Acid.—To a mixture prepared from ferrous 
sulphate (30 g. in 60 c.c. of water) and aqueous ammonia (15 c.c., d 0-88) at 50°, recrystallised 5-chloro- 
2-nitrophenylpropiolic acid (3 g.) in aqueous ammonia (5 c.c., d 0-88, in 5 c.c. of water) was added 
during + hour with shaking. The whole was shaken at 50° for a further } hour, set aside for ? hour at 
room temperature, and filtered, the filtrate cooled to 5°, acidified with sulphuric acid (25 c.c.; 8N.), and 
diazotised at 0—5° with aqueous sodium nitrite (25%). After 7 days at room temperature the product 
(1-97 g., 66%) was collected. 6-Chlovo-4-hydroxycinnoline-3-carboxylic acid formed silvery-white plates, 
m. B. 263—264° (decomp.), from acetic acid (Found: C, 48-3; H, 2-5. C,H,O,N,CI requires C, 48-1; 
H, 2:3%). 6-Bromo-4-hydroxycinnoline-3-carboxylic acid, obtained in similar yield by the same method, 


gave white needles, m. p. 264° (decomp.), from acetic acid (Found: C, 40-0; H, 2.0. C,H,O,N,Br 
requires C, 40-1; H,1-9%). Experiments in which cyclisation was effected at 70° gave somewhat lower 
ields (60%) of these products. An attempt to esterify the chloro-acid (Simpson, /., 1946, 1035) failed. 
ese acids were decarboxylated in benzophenone (Schofield and Simpson, /oc. cit.) to give 6-chloro- 
and Sa eal a ee identical with authentic specimens. 


6-Chloro- and 6-Bromo-4-hydroxycinnoline.—5-Chloro-2-nitrophenylacetylene (0-5 g.) and aqueous 
ammonia (1-5 c.c., d 0-88, and 4 c.c. of water) were treated with zinc dust (1-5 g.), added in one portion. 
After being stirred for } hour, the mixture was kept 1 hour at room temperature with occasional shaking, 
and then extracted with ether, and the amine removed from the ether with hydrochloric acid (20 c.c.; 
2n.). The acid solution was diazotised at 0° with aqueous sodium nitrite (10%) and heated at 70° for 
4 hour, giving 6-chloro-4-hydroxycinnoline, m. p. 287—288° (20%, based on the nitro-compound). An 
experiment in which the amine was isolated as a pale yellow solid, m. p. 51°, indicated that it was formed 
in 32% yield in the reduction. 6-Bromo-4-hydroxycinnoline was formed in similar yield from 5-bromo- 
2-nitrophenylacetylene. 

2-Nitrotolane.—(a) The chlorination of tvans-2-nitrostilbene by the method of Ruggli, Caspar, and 
Hegedus (loc. cit.) gave the dichloride, m. p. 87—88°, in 87-5% yield. ‘ 
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C, 76-65; H, 45%). 

4-Chloro-3-phenylcinnoline.—4-Hydroxy-3-phenylcinnoline (0-1 g.), phosphorus oxychloride (2 c.c.), 
and phosphorus pentachloride (0-2 g.) were heated for 1 hour at 95°, and the mixture decomposed with 
ice, basified, and extracted with ether. Removal of the solvent gave a red solid (0-09 g.), which separated 
from a (b. p. 40—60°) as orange micro-crystals of 4-chloro-3-phenylcinnoline, m. p. 119—120° 
(Found: C, 69°85; H, 3-6; N, 11-4. C,,H,N,Cl requires C, 69-85; H, 3-8; N, 11-6%). 

2-Nitro-5-methoxy-a-phenylcinnamic Acid.—2-Nitro-5-methoxybenzaldehyde (27-3 g.), phenylacetic 
acid (20-4 g.), potassium acetate (14-7 g.), and acetic anhydride (45-8 g.), were heated for 14 hours at 
95° in a stream of nitrogen, and the mixture was diluted and made alkaline with sodium hydroxide 
solution. The solution was washed with ether and acidified with hydrochloric acid, and the product 
collected (32 g.). 2-Nitro-5-methoxy-a-phenylcinnamic acid gave pale buff-coloured prisms, m. p. 158— 
159°, from dilute alcohol (Found : C, 64-3; H, 4-4. C,,H,,0,N — C, 64:2; H, 4-4%). 

cis-2-Nitro-5-methoxystilbene.—The cinnamic acid (5 g.) was added during 5 minutes to quinoline 
(25 c.c.) containing copper chromite catalyst (0-2 g.) at 225—230°, the temperature maintained for 20 
minutes, and the mixture poured into hydrochloric acid (150 c.c.; 2N.), and extracted with ether. The 
sticky product left after removal of the ether, on trituration with methanol, gave a pale yellow solid 
(3°17 g.). cis-2-Nitro-5-methoxystilbene formed pale yellow rhombs from ether-ligroin (b. p. 40—60°), 
m. p. 55—56° (Found: C, 70-7; H, 5-1. C,,H,;0, uires C, 70-6; H, 5-1%). 

trans-2-Nitro-5-methoxystilbene.—The cis-compound (3-85 g.) was heated for 10 minutes at 210— 
215° in nitrobenzene (20 c.c.) containing a — of iodine, and the nitrobenzene removed under reduced 
pressure at 95°. trans-2-Nitro-5-methoxysti (3-80 g.) crystallised in pale yellow rhombs, m. p. 70— 
71°, from dilute methanol, (Found: C, 70-65; H, 5-0%). In one decarboxylation experiment carried 
out under conditions apparently identical with those above, a 60% yield of the trans-isomer was obtained 
directly. 

tunmp-0-DilireBenetheupeliibens Dichloride.—The trans-stilbene (1 g.) in carbon disulphide (10 c.c.) 
was treated with dry chlorine for 1 hour, the solvent removed in vacuo, and the residue triturated with 
methanol, yielding a yellow solid (0-75. g.). The dichloride crystallised in white prisms, m. p. 114—116°, 
from methanol (Found: C, 55-4; H, 3-95. C,;H,,0,NCI, requires C, 55-2; H, 4:0%). 

2-Nitro-5-methoxytolane.—The dichloride (1 g.) in ethanol (20 c.c.) was dehydrochlorinated as de- 
scribed above, with use of sodium hydroxide (1-1 g. in 5 c.c. each of water and alcohol). The product 
was poured into water (150 c.c.), and the precipitate collected (0-28 g.). Ether extraction of the liquor 
gave a further small amount (0-06 g.).  Crystallisation from dilute methanol gave lustreless buff- 
coloured aggregates of 2-nitro-5-methoxytolane, m. p. 64-5—65-5° (Found: C, 70-6; H, 4:5. C,,H,,O,N 
requires C, 71-1; H, 44%). 

4-Hydroxy-6-methoxy-3-phenylcinnoline.—The nitro-compound (0-1 g.) in acetic acid (8 c.c.) and 
concentrated hydrochloric acid (2 c.c.) was treated with stannous chloride (0-5 g.) in concentrated hydro- 
chloric acid (2 c.c.) and heated for 2 hours at 95°. The crude amine (0-08 g. of oily solid) was isolated 
as described above. We were unable to obtain crystalline derivatives with picric acid or acetic anhydride. 

The crude amine (0-04 g.) in concentrated hydrochloric acid (2 c.c.) was diazotised at 0° with aqueous 
sodium nitrite (10%), and the solution warmed at 95° for 4 hour. The solid precipitated by dilution 
crystallised from dilute acetic acid in white micro-crystals of 4-hydroxy-6-methoxy-3-phenylcinnoline, 
m. p. 318—319° (Found: C, 71-4; H, 5-05; N, 10-8. 15H14,0,N, requires C, 71-4; H, 4-8; N, 11-1%). 

2-Nitrostilbazole Dichloride.—2-Nitrostilbazole (15 g.) in boiling carbon disulphide (50 c.c.) was 
treated with dry chlorine for $ hour, and the product collected and ground with sodium carbonate 
solution (2N.), yielding 16-6 g. of the dichloride, m. p. 134—135°. When chlorination was carried out as 
described by Ruggli and Cuenin (loc. cit.), the dichloride appeared to be contaminated with a high- 
melting by-product which was unaffected by sodium carbonate and only removed by repeated crystallis- 
ation, giving the pure product in only 47% yield. 

2-Nitrotolazole.—The dichloride (2 g.) in alcohol (7 c.c.) was heated at 95° and treated dropwise durin 
1 hour with potassium hydroxide (0-76 g. in 6 c.c. each of alcohol and water), and the mixture heat 
under reflux for a further hour, poured into water (100 c.c.), and extracted with ether. The dark brown 
solid remaining after removal of the ether was dried on a porous plate, giving 2-nitrotolazole (1-20 g.), 
m. p. 51—53°. The conditions of Ruggli and Cuenin (loc. cit.) gave only poor yields in our hands. 

2-A minotolazole.—2-Nitrotolazole (1 g.) in hydrochloric acid (10 c.c.; 6N.) was treated with stannous 
chloride (5 g.) in concentrated hydrochloric acid (5 c.c.) at 45—50° for 4 hour, and the solution cooled, 
added to aqueous potassium hydroxide, and extracted with ether. Removal of the ether gave a pale 
yellow solid (0-78 g.). 2-Aminotolazole formed yellow leaflets, m. p. 104—105°, from dilute methanol 
(Found: C, 79-1; H, 5-05. C,,;H, N, requires C, 80-4; H, 5:2%). 

Diazotisation of 2-Aminotolaz —The solution obtained when the amine (0-2 g.) was diazotised at 
0° with aqueous sodium nitrite (10%) was set aside for 16 days at room temperature, heated to 70° for 
10 minutes, neutralised with sodium acetate, and extracted withether. Removal ofthe solvent and treat- 
ment of the residue in alcohol (10 c.c.) with picric acid (0-2 g. in 5 c.c. of alcohol) gave a yellow solid 
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0-10 g.). Crystallisation from alcohol gave yellow micro-crystals of 2-hydroxytolazole picrate, m. p. 
a 2 (Found: C, 49-9; H, 2-9. C on cH O,N;,2H,O requires C, 49-6; H, $59). 
5-Chloro-2-nitvostilbazole.—5-Chloro-2-nitrobenzaldehyde (8 g.), a-picoline (2-6 g.), and acetic anhydride 
(4°2 g-), were heated for 10 hours at 165—170° in a stream of nitrogen, and the mixture was steam-dis- 
tilled. The non-volatile tar was dissolved in hydrochloric acid (100 c.c.; 6N.) gered Sema a white 
hydrochloride (7-3 g.), m. p. 221—222° (decomp.), which when decomposed with ium hydroxide 
ve the cuhetantiali pure product (4-62 g.). Recrystallised from dilute alcohol 5-chloro-2-nitrostilbazole 
rem. pale yellow needles, m. p. 92° (Found: C, 60-3; H, 3-6. C,,;H,O,N,Cl requires C, 59-9; H, 
3-5%). 

P ntoro-t-nitvostilbasole Dichloride.—The stilbazole (10 g.) in carbon disulphide (20 c.c.) was chlorin- 
ated as before, yielding the almost pure dichloride (10-3 ae which formed cream-coloured leaflets, 
m. p. 163—164°, from alcohol (Found: C, 47-6; H, 2:75. C,,;H,O,N,Cl, requires C, 47-1; H, 2-7%). 

5-Chloro-2-nitrotolazole.-—The above dichloride (2 g.) in alcohol (13 c.c.) was dehydrochlorinated with 
potassium hydroxide (0-68 g. in 6 c.c. each of alcohol and water) as for 2-nitrostilbazole dichloride, 
yielding the substantially pure product as a white solid (1-36 g.) which turned purple when kept. 5-Chloro- 
2-nitrotolazole formed thin white needles, m. p. 128—129°, from alcohol (Found: C, 59-8; H, 3-3; N, 
10-4. C,,H,O,N,Cl requires C, 60-3; H, 2-7; N, 10-8%). 

5-Chloro-2-aminotolazole.—The nitro-compound (1 g.) in hydrochloric acid (20 c.c., 6N.) was treated 
with stannous chloride (5 g.) in concentrated hydrochloric acid (5 c.c.), heated for 20 minutes at 40°, and 
worked up as before, yielding a yellow solid (0-62 g.). 5-Chloro-2-aminotolazole crystallised from dilute 
alcohol in glistening yellow leaflets, m. p. 130—131° (Found: C, 65-25; H, 3-9. C,,;H,N,Cl,4H,O 
requires C, 65-7; H, a. 

Diazotisation of 5-Chlovo-2-aminotolazole-—The amine (0-2 g.) in concentrated hydrochloric acid 
(10 c.c.) was diazotised at 0° with aqueous sodium nitrite (10%), the solution set aside for 10 days at 
room temperature, warmed to 70° for 3 hours, and worked up as described previously, yielding a picrate 
(0-17 g.). 5-Chloro-2-hydroxytolazole picrate —— from alcohol in light brown micro-crystals, m. p. 
194—195° (Found : C, 48-3; H, 26. C,;H,ONCI,C,H,O,N,,}H,O requires C, 48-8; H, 2-6%). 

2 : 2’-Diaminodiphenyldiacetylene.—(i) The decarboxylation of 2-nitrophenylpropiolic acid was 
carried out as described by Schofield and Simpson (loc. cit.), and 2-nitrophenylacetylene, m. p. 81—82°, 
was isolated in 68% yield -by steam-distillation. 

(ii) The nitro-compound (5 g.), covered with aqueous ammonia (1-5 c.c., d 0-88, and 4 c.c. of water), 
was treated with zinc dust (15 g.) in one portion, and the whole stirred for 1} hours, the temperature 
being allowed to rise freely. After 1 hour at room temperature the mixture was worked up as before, 
giving a brown oil (3-7 g.). Distillation gave 2-aminophenylacetylene as a colourless oil, b. p. 988—100°/ 
12 mm. (2-68 g.). The amine ee g.) reacted vigorously with acetic anhydride (1-8 c.c.), giving 2-acet- 
amidophenylacetylene (1-95 g.), which formed thin white leaflets from water, m. p. 84° (Baeyer and 
Lansberg, loc. cit., give m. p. 75°) (Found: C, 74-95; H, 5-8. Calc. for C,JH,ON: C, 75-4; H, 5-7%). 

(iii) A solution containing 2-acetamidophenylacetylene (0-5 g.), alcohol (10 c.c.), cuprous chloride 
(from 4 g. of copper sulphate), and ammonia (15 c.c.; d 0-88), was aerated for 24 hours, ammonia being 
added from time to time to maintain the volume. The mixture was extracted with chloroform, and the 
solvent removed in vacuo, yielding 2: 2’-diaminodiphenyldiacetylene (0-33 g.), which formed white 
needles (turning —_ when kept), m. p. 225°, from alcohol (Baeyer and Lansberg, /oc. cit., give m. p. 
231°) (Found: C, 75-2; H, 5:2; N, 8-85. Calc. for CyH,,0,N,: C, 75-9; H, 5-1; N, 885%). The 
bisacetamido-compound (2-18 g.), heated for 4 hour at 95° with concentrated sulphuric acid, water, and 
alcohol (35 c.c. of each), gave on basification the substantially pure amine (1-52 g.) as yellow needles, 
m. p. 127—128°, from alcohol (Baeyer and Lansberg, Joc. cit., give m. p. 128°) (Found: C, 80-7; H 
5-55. Calc. for C,,H,,N,,4H,O: C, 79-7; H, 5-4%). 

Tetrazotisation of 2 : 2’-Diaminodiphenyldiacetylene.—The diamine (0-93 g.) in sulphuric acid (50 c.c. ; 
4n.) was tetrazotised at 0° with aqueous sodium nitrite (5-6 c.c.; 10%). After 5 weeks at room temper- 
ature the solution was warmed at 70° for 1 hour and then diluted, and the product collected (0-74 g.; 
m. p. 190—195°). Recrystallisation from dilute alcohol gave pale green needles of a compound, m. p. 
224—225° (Found: C, 72:7; H, 4:15. C,,H »O,N, requires C, 73-3; H, 3-8%). An experiment 
in 8n-sulphuric acid gave a second product, forming pale buff-coloured micro-crystals, m. p. 265—266°, 
from alcohol (Found: N, 10-0. C,,H,,0,N, requires N, 10-0%). 

5-Chloro-2-nittro-a-phenylcinnamic Acid --5-Chloro-2-nitrobenzaldehyde (18-5 g.), phemylacetic acid 
= g.), fused potassium acetate (9-8 g.), and acetic anhydride (30-6 g.), were heated under nitrogen 
or 10 hours, and the mixture was worked up as described in the similar case above, yielding a pale 
brown solid (24-7 g.). Crystallisation from dilute alcohol provided cream prisms of 5-chloro-2-nitro- 
a-phenylcinnamic acid, m. p. 183—184° (Found: C, 59-3; H, 3-4. C,,H,O,NCl requires C, 59-3; 


_o ‘O/}* 

Attempted Decarboxylation of 5-Chloro-2-nitro-a-phenylcinnamic Acid.—The acid (15 g.) was added 
during 4 minutes to quinoline (75 c.c.) containing copper chromite catalyst (0-5 g.) at 230°, heated for 
4 minutes further, cooled, and poured into hydrochloric acid. The mixture was extracted with ether, 
and removal of the solvent left a sticky product which on trituration with methanol gave a yellow solid 
(1-10 g.). Crystallisation from ethanol gave white needles, m. p. 198—199° [Found: C, 69-9; H, 3-7; 
M (Rast), 260. SS requires C, 70-2; H, 35%; M, 267-5). 


2-Chlorop ene-9-carboxylic Acid.—To a mixture prepared from ferrous sulphate (18-4 g.), 
water (25 c.c.), and ammonia (22 c.c.; d 0-88), was added, in one portion, a solution of 5-chloro-2-nitro- 
a-phenylcinnamic acid (3-0 g) in warm dilute aqueous ammonia (10 c.c.; 2Nn.). After 1 hour at 95° the 
mixture was filtered, the filtrate neutralised with acetic acid, and the product collected (2-63 g.). 
5-Chloro-2-amino-a-phenylcinnamic acid formed yellow cubes, m. Pp. 221—222°, from dilute alcohol 
(Found: C, 66-9; H, 4-45. C,,H,,0O,NCl requires C, 65-85; H, 44%). 

The sodium salt of the amino-acid (from 1 g. of acid and 0-15 g. of sodium hydroxide in 10 c.c. of 
water) was added to sodium nitrite (0-25 g.) in water (2 c.c.), and the solution added dropwise with stirring 
during 20 minutes to sulphuric acid (15 c.c.; 5N.) at O—5°. After a further } hour’s stirring the pre- 
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the product precipitated with mineral 
aatiete, m. p. 233—234°, from dilute 


ieeate 


Icinnamic acid formed stout white cubes, m. p. 
C, 69-3; 


4-3. C,,H,,0,Cl requires C, 69-6; H, 4-3%). 
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506. Cinnolines. Part XXII. Experiments in the Indane and 
Tetralin Series. Some New 4-Hydroxycinnolines. 


By K. Scnorretp, T. Swain, and R. S. THEOBALD. 


The synthesis of some 4-hydroxycyclopenteno- and 4-hydroxycyclohexeno-cinnolines from 
indahe and tetralin derivatives is described. Some 4-hydroxy-Bz-methylcinnolines are also 
mentioned. 


Tue aims of the present work were three-fold : first, to utilise several known w-chloro-o-amino- 
acetophenones in extending the synthesis of 3-halogeno-4-hydroxycinnolines previously described 
(Schofield and Simpson, Part XVIII, J., 1948, 1170); secondly, to examine any effect upon the 
synthesis which a five- or six-membered ring fused to the aromatic ring of the acetophenone 
might have; and thirdly, to provide intermediates which might lead eventually to the synthesis 
of benzocinnolines. 

Four ketones useful for our purpose have been described in the literature, namely, w-chloro-2- 
acetamido-5-methyl- (I; R= Cl, R’ = Me, R” = H) (Kunckell, Ber., 1900, 33, 2644) and 
w-chloro-2-acetamido-4 : 5-dimethyl-acetophenone (I; R= Cl; R’ = R” = Me) (Kunckell 
and Schneider, J. pr. Chem., 1912, 86, 430), also 5-acetamido-6-chloroacetylindane (I; R = Cl, 
R’R” = [CH,],) and 6-acetamido-7-chloroacetyltetralin (III) (Kranzlein, Ber., 1937, 70, 1776). 


OH 

R/ )CO-CH,R Hydrolysis, r/\/SR 

RA JNHAc diazotiation” «= RA A 
(I.) (I1.) oN 


In preparing the indane and tetralin derivatives mentioned, 5-acetamidoindane and 
6-acetamidotetralin are necessary intermediates. The former has previously been obtained in 
poor yield by Beckmann rearrangement of 5-acetylindane oxime (Borsche and John, Ber., 1924, 
57, 656), and by reduction and subsequent acetylation of 5-nitroindane (Lindner and Bruhin, 
Ber., 1927, 60, 435). We have modified the Beckmann rearrangement to give high yields of 
5-acetamidoindane, Similarly, the rearrangement of 6-acetyltetralin oxime provides a practical 
route to 6-acetamidotetralin. The subsequent Friedel-Crafts reactions have been improved. 

The monomethyl- (I; R=Cl, R’=Me, R” =H), dimethyl- (I; R=Cl, R’= 
R” = Me), and tetralin-compounds (III) were hydrolysed, and the resulting amines diazotised 
without isolation, giving good yields of 3-chloro-4-hydroxy-6-methyl- (II; R= Cl, R’ = Me, 
R” = H), 3-chlovo-4-hydroxy-6 : 1-dimethyl- (Il; R= Cl, R’ = R” = Me), and 3-chloro-4- 
hydroxy-6 : T-cyclohexeno-cinnoline (II; R=Cl, R’R” = [CH,],), respectively. In contrast 
to this, numerous experiments with (I; R= Cl, R’R” = [CH,],) failed, until it emerged 
that successful cinnoline formation in this case was dependent on the use of concentrated acid 
media and avoidance of excess of nitrous acid; in these circumstances a high yield of 
3-chloro-4-hydroxy-6 : 1-cyclopentenocinnoline resulted. 

These observations made it of interest to determine if difficulties were presented to cinnoline 
formation by indane compounds in general. 5-Acetamido-6-acetylindane (I; R=H, 
R’R” = [CH,],) was prepared by Friedel-Crafts acetylation of 5-acetamidoindane. The 
derived 5-amino-6-acetylindane readily provided 4-hydroxy-6 : 7-cyclopentenocinnoline (II; 
R=H, R’R” = [CH,],) on diazotisation, showing that the difficulty in the former case is 
peculiar to the chloroacetyl compound. That Friedel-Crafts acylation of 5-acetamidoindane pro- 
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ceeds in the same sense with both acetyl and chloroacety] chlorides, was proved by dehalogenation 
of the product (I; R = Cl, R’R” = [CH,],) from the latter reaction, which gave 5-acetamido- 
6-acetylindane, identical with the compound from the Friedel-Crafts reaction employing acety] 
chloride. Similar dehalogenation of the tetralin derivative (III) gave 6-acetamido-7-acetyltetralin 
(IV), whence was derived 6-amino-7-acetyltetralin (V), and likewise (I; R = Cl, R’ = R” = Me) 
provided 2-amino-4 : 5-dimethylacetophenone. Diazotisation of these amines gave 4-hydroxy- 
6: 7-cyclohexeno- (II; R=H, R’R” =([CH,],) and 4-hydroxy-6 : 7-dimethyl-cinnoline. 
Hoping to prepare 6-acetamido-7-acetyltetralin more directly, we examined the Friedel-Crafts 
acetylation of 6-acetamidotetralin, but the acetamido-ketone, m. p. 107—108°, obtained proved 
to be different from the compound (m.p. 119—119°5°) described above. In view of this it 
became necessary to confirm the assumed structure (IV) of the latter, and this was easily effected 
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in the steps (III) —— (VI), 6-acetyltetralin being identified as its oxime. Evidently then, 
Friedel-Crafts acetylation of 6-acetamidotetralin proceeds in a different sense from the corre- 
sponding chloroacetylation. From the product of the acetylation, m. p. 107—108°, we were 
unable to obtain a free amine by either alkaline or acid hydrolysis. Both reactions proved 
complicated, but from the latter a compound, m. p. 282—283°, apparently (VIII), was isolated 
and, if this representation of its structure is correct, the Friedel-Crafts product is clearly 
6-acetamido-5-acetylietralin (VII). 

To obtain other indane and tetralin derivatives suitable for cinnoline syntheses, the nitration 
of 5-acetylindane and of 6-acetyltetralin was examined. The former compound was first 
nitrated by Borsche and John (Joc. cit.), who obtained a product said to be 4-nitro-5-acetylindane, 
evidence for this structure being based on the formation from the compound, by standard 
reactions, of a substance held to be 4-aminoindane. This work is invalidated by a later paper 
(Ber., 1926, 59, 1909) in which Borsche showed that the former product was a mixture of two, or 
possibly three, compounds from which he isolated a small yield of a substance, m. p. 82°, still 
presumed to be 4-nitro-5-acetylindane. Lindner and Bruhin (loc. cit.), who prepared 
authentic 4-aminoindane, expressed doubt as to the nature of the material assigned this 
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structure by Borsche and John (loc. cit.). On repeating the nitration of 5-acetylindane, 
using the conditions described by the earlier workers, we isolated 5-nitro-6-acetylindane, 
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m. p. 82—83°, which on reduction gave 5-amino-6-acetylindane, identical with the compound 
already described above. The sequence of reactions involved, illustrated below, confirms the 
orientation of the products in question, both from the Friedel-Crafts reaction and the nitration. 
A second isomer, m. p. 91°, was also isolated from the nitration product of 5-acetylindane, 
and is proved to be 4-nitro-5-acetylindane by the fact that the derived amine yielded 4-hydroxy- 
1: 8-cyclopentenocinnoline (IX) on diazotisation. Borsche and Bodenstein (Ber., 1926, 59, 1915) 
obtained 5-nitro-6-acetyltetralin in poor yield from the nitration of 6-acetyltetralin. The 
structure of this compound is confirmed by the formation from the related amine of 
4-hydroxy-7 : 8-cyclohexenocinnoline (X). 

The 6: 7-cyclohexenocinnoline derivatives described above are being examined as possible 
sources of 6 : 7-benzocinnolines. 

Obviously, suitably substituted naphthalene derivatives would offer the most direct route 
to the synthesis of benzocinnolines. Hoping to form the 5: 6-benzcinnoline ring system 
Leonard and Boyd (J. Org. Chem., 1946, 11, 419) diazotised what they believed to be 2-amino-1- 
acetylnaphthalene, but later (Leonard and Hyson, ibid., 1948, 18, 164) it was shown that the 
amine did not possess this structure. Realising the promoting effect of a w-halogen atom upon 
cinnoline formation from o-aminoacetophenones, we investigated the Friedel-Crafts reaction 
between $-acetonaphthalide and chloroacetyl chloride. Two isomeric acetamidochloroacetyl- 
naphthalenes, m. p. 220—221° and 158°5—159°, respectively, were isolated. The former was 
shown to be 2-acetamido-6-chloroacetylnaphthalene by dehalogenation to 6-acetamido-2-aceto- 
naphthone, which was hydrolysed and converted by a Sandmeyer reaction into 6-chloro-2- 
acetonaphthone. This gave, in a Schmidt reaction, 6-chloro-2-acetamidonaphthalene, m. p. 
182—183°, apparently identical (mixed m. p. determination) with an authentic specimen 
(Clemo and Legg, J., 1947, 545). Hydrolysis of 2-acetamido-6-chloroacetylnaphthalene, and 
diazotisation in hydrochloric acid, gave a mixture of 2-hydroxy-6-chloroacetylnaphthalene and 
2-chlovo-6-chloroacetylnaphthalene. The latter product was also formed by treating the diazonium 
solution with cuprous chloride. The orientation of the lower-melting product from the Friedel— 
Crafts reaction has not yet been completed, but it gave on hydrolysis and diazotisation 
hydroxychloroacetylnaphthalene, m. p. 143—144°, in low yield, which seems to indicate that the 
acetamido-compound is not a 1: 2-substituted naphthalene derivative. 

A more promising route to the 6: 7-benzocinnoline nucleus would appear to be offered 
through 2-amino-3-naphthyldimethylcarbinol (XI), which we hope to dehydrate to the related 
ethylene and convert thence into the cinnoline by diazotisation. The carbinol was prepared by 
a Grignard reaction upon methyl 3-amino-2-naphthoate. 


EXPERIMENTAL. 


M.p.s are uncorrected. Unless otherwise stated, all extracts were dried with sodium sulphate, and 
all diazotisations were effected at 0—5°. 


w-Chloro-2-acetamido-5-methylacetophenone.—By Kunckell’s method (loc. cit.) p-acetotoluidide (15 g.) 
gave 19-5 g. of crude mixed isomers. The combined products of two such experiments gave, by fractional 
crystallisation from ethanol, 3-01 g. of the required compound, m. p. 177—179°. 

w-Chloro-2-acetamido-4 : 5-dimethylacei a —Under the conditions of Kunckell and Schneider 
(loc. cit.) aceto-3 : 4-xylidide (10 g.) gave 10- < pure product as pink needles, m. p. 166—167°. 

5-Acetamidoindane.—A solution of anu Rotem oxime (5-9 g.; Borsche and ommer, Ber., 1921, 
54, 102) in acetic anhydride (5 c.c.) and “os acid (10 c.c.) was saturated with hydrogen chloride and 
set aside for 24 hours, and the precipitate (58. , 85%), m. p. 105—106°, collected. 

6-Acetamidotetralin. —6-Acetyltetralin (10 g.) coapeted in — yield by the method of Scharwin, 


Ber., 1902, 35, bee pF peewee the oxime (7-0 g.), m. p. 105—106°. This, treated as above in acetic 


anhydride (10 c.c.) and acetic acid (20 c.c.), gave 6-acetamidotetralin (4 “2 g., 60%), m. p. 105—106°. 

5-Acetamido-6-chloroacetylindane.—B ‘Kranzlein’ ’s method (loc. cit.) 5-acetamidoindane (5 g.) gave 
the chloro-ketone (1-6 g.), m. p. 165166". 

6-Acetamido-7-chloroacetyltetralin. —6-Acetamidotetralin (16 g.), carbon disulphide (60 c.c.), and 
chloroacetyl chloride (40 c.c.) were stirred at 0°, powdered aluminium chloride (40 g.) was added during: 
$ hour, and the whole stirred for 2 hours at room temperature. The solvent was decanted, the complex 

a with ice and hydrochloric acid, and the product extracted with chloroform. Removal of 

oroform and crystallisation of the residue (10 g.) from — gave the product (7-5 g.), m. p. 

Mr 148°. Kranzlein’s method never gave more than 10% yi 

3-Chloro-4-hydro a 6-methylcinnoline. —The path wo Sa ae (2-3 g.) and acetic acid-20 
hydrochloric acid (46 c.c.; 1:1) were heated at 95° for 1 hour, and the solution was cooled to 5—1 
(lower temperatures precipitated the difficultly soluble hydrochloride) and diazotised with aqueous sodium 
nitrite (5%). ag 1 week at room temperature and $ hour at 75°, the substantially pure product was 
collected (1:72 g.). _3-Chlovro-4-hydroxy-6-methylcinnoline formed soft white needles, m. p. 298°5—299°5°, 
from alcohol * al C, 55-3; H, 3-7; N, 14: C,H,ON,Cl requires C, 55-5; H, 3-6; N, 14°4%). The 
acetyl derivative formed ‘white needles, m. p. 186—187°, from the same solvent (Found : 3 55-7; H, 3-7. 
C,,H,O,N,Cl requires C, 55-8; H, 3- 8%). 
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3-Chloro-4-hydroxy-6 : 7-dimethylcinnoline.—The relevant acetamido-compound (0-5 g.), by the same 
method as that above, gave 3-chloro-4-hydroxy-6 : 7-dimethylcinnoline (0-37 g.) as colourless needles, m. p. 
— 314—315°, from alcohol (Found: C, 57-1; H, 4:5. C,H,ON,Cl requires C, 57-5; H, 4-39), 

rom alcohol the acetyl derivative gave silky needles, m. p. 196—197° (Found: C, 57-3; H, 4-2. 
C,,H,,0,N,Cl requires C, 57-7; H, 4-0%). 

3-Chloro-4-hy voxy-6 : 7-cyclopentenocinnoline.—5-Acetamido-6-chloroacetylindane (0-2 g.), concen- 
trated hydrochloric acid (5 c.c.), and acetic acid (5 c.c.) were heated for 4 hour at 95°, the solution was 
diazotised with sodium nitrite (0-1 g.) in water (1 c.c.), concentrated hydrochloric acid (20 c.c.) added, and 
the whole heated at 95° until coupling with alkaline f-naphthol no longer occurred. The residue 
remaining after neutralisation of the solution with sodium acetate, and evaporation, was triturated with 
water and then crystallised from alcohol. Further crystallisation of the product (0-1 g.) from this solvent 

ave colourless leaflets of 3-chloro-4-hydroxy-6 : 7-cyclopentenocinnoline, m. p. >340° (Found : C, 59-9; 
fi, 4-3; N,12-7. C,,H,ON,Cl requires C, 59-9; H,4-1; N,12-7%). The acetyl derivative gave colourless 
rarer ~ p. 159—160°, from dilute alcohol (Found: C, 59-6; H, 4-1. C,;H,,0,N,Cl requires C, 59-4; 
H, 4- Op 

3-Chloro-4-hydroxy-6 : 7-cyclohexenocinnoline.—A solution prepared by hydrolysing 6-acetamido-7- 
chloroacetyltetralin (0-1 g.) with hydrochloric acid (5 c.c.; 20%), and diazotising as in the case of the 
monomethyl compound above, gave a fawn-coloured solid (0-06 g.), which formed colourless crystals of 
3-chloro-4-hydroxy-6 : 7-cyclohexenocinnoline, m. p. 288—289°, from alcohol (Found: C, 61-4; H, 4-7. 
C,,H,,ON,CI requires C, 61-4; H, 4-7%). The acetyl derivative formed colourless needles, m. p. 148— 
149°, from ethanol (Found: C, 60-3; H, 4-7. C,,H,,;0,N,Cl requires C, 60-8; H, 4-7%). 

5-Acetamido-6-acetylindane.—Aluminium chloride (6 g.) was added during 10 minutes to a stirred 
mixture of 5-acetamidoindane (3-5 g.), carbon disulphide (30 c.c.), and acetyl chloride (1-7 c.c.), cooled 
in water, the whole stirred for 4 hour more, the solvent decanted, and the complex decomposed with ice 
and hydrochloric acid. Extraction with chloroform, removal of the solvent, and crystallisation of the 
residue from alcohol gave a product (1:25 g.), m. p. 115—116°. Pure 5-acetamido-6-acetylindane 
formed white prisms, m. p. 119—120°, from alcohol (Found: C, 72-2; H, 7-1. C,3;H,,0O,N requires C, 
71:9; H, 6-9%). 

5-A mino-6-acetylindane.—(i) The acetamido-compound (0-5 g.) and hydrochloric acid (10 c.c.; 20%) 
were heated under reflux for $ hour, the solution made alkaline, and the product collected (0-42 g.). 
5-Amino-6-acetylindane gave pale yellow needles, m. p. 131-5—132-5°, from dilute alcohol (Found : 
C, 75-5; H, 7-5. C,,H,,ON requires C, 75-4; H, 74%). 

(ii) 5-Acetamido-6-chloroacetylindane (0-2 g.) was hydrolysed as in (i) above, and the amine hydro- 
chloride which separated [m. p. 214° (decomp.)] decomposed with aqueous ammonium carbonate, giving 
the free base (0-13 g.), m. p. 187—139°. The base (0-5 g.), alcohol (20 c.c.), and zinc dust (2 g.; etched 
with dilute sulphuric acid and washed with water) were boiled under reflux for 4 hour, the mixture was 
filtered, the zinc was washed with ether, and the combined filtrate and washings were diluted and extracted 
with ether. Removal of the solvent and crystallisation of the residue from dilute alcohol gave 
5-amino-6-acetylindane (0-25 g.), m. p. 130—131°, identical with that above. 

4-Hydroxy-6 : 7-cyclopentenocinnoline.—The hydrochloride su ion from 5-amino-6-acetylindane 
(0-5 g.) and concentrated hydrochloric acid (25 c.c.) was diazotised with sodium nitrite (0-5 g.) in water 
(2 c.c.). Concentrated hydrochloric acid (100 c.c.) was added, the solution heated for $ hour at 95°, and 
worked up as in the case of the analogous 3-chloro-compound, giving a fawn-coloured solid (0-32 g.). 
4-Hydroxy-6 : 7-cyclopentenocinnoline separated from alcohol in colourless prisms, m. p. 271—272° 
(Found: C, 70-15; H, 5-2. C,,H, ON, requires C, 71:0; H, 5-05%). The acetyl derivative formed 

inkish Of 3%). p. 112—113°, from dilute alcohol (Found: C, 67-9; H, 5-2. C,,;H,,0,N, requires 

, 68-4; H, 5-3%). 

6-A cetamido-7-acetyltetralin.—6-Acetamido-7-chloroacetyltetralin (10 g.), etched zinc (100 g.), and 
alcohol (100 c.c:) were boiled under reflux and stirred vigorously for 8 hours, and the mixture was poured 
into water and extracted with ether. Removal of the solvent gave the product (8-42 g.), m. p. 118—120°. 
Crystallisation from dilute methanol gave white needles of 6-acetamido-7-acetyltetralin, m. p. 119—119-5° 
(Found: C, 72-9; H, 7-4. C,,H,,O,N requires C, 72-7; H, 7-4%). 

6-A mino-7-acetyltetralin.—The acetamido-compound (6 g.) and hydrochloric acid (200 c.c.; 50%) 
were boiled under reflux for 1 hour, the solution was made alkaline, and the substantially pure product 
(4-8 g.) crystallised from dilute methanol, giving lemon needles of 6-amino-7-acetyltetralin, m. p. 118-5—119° 
(Found: C, 75-4; H, 7-8. C,,H,,ON requires C, 76-1; H, 8-0%). 

In one experiment the solution obtained from the acetamido-compound (1 g.) by hydrolysis was 
diazotised with sodium nitrite (0-3 g.) in water (5 c.c.), treated with er acid (7 c.c.; 30%), 
and kept overnight at 0°. Basification and ether extraction gave an oil (0-32 g.), which, from aqueous 
alcohol, formed an oxime, m. p. 102—104°, alone and mixed with authentic 6-acetyltetralin oxime. 

4-Hydroxy-6 : 7-cyclohexenocinnoline.—6-Amino-7-acetyltetralin (4 g.) was diazotised in concentrated 
hydrochloric acid (500 c.c.) with aqueous sodium nitrite (5%), the solution left for 3 days at room temper- 
ature and worked up as described for 3-chloro-4-hydroxy-6 : 7-cyclopentenocinnoline. The practically 
pure product (2-95 g.) formed, from methanol, small white rhombs of 4-hydroxy-6 : 7-cyclohexenocinnoline, 
m. p. 262—263° (Found: C, 71-6; H, 6-1. C,,H,,ON, requires C, 71-9; H, 6-0%). 

ew mino-4 : 5-dimethylacetophenone.—w-Chloro-2-acetamido-4 : 5-dimethylacetophenone (1 g.), 
concentrated hydrochloric acid, water, and acetic acid (10 c.c. of each) were heated for $ hour at 95°, the 
solution was made alkaline with ammonium carbonate, and the resulting free amine (0-89 g., m. p. 
128—130°) heated under reflux for 2 hours with alcohol (30 c.c.) and etched zinc (5 g.). Worked up as 
in previous cases this gave a product (0-58 g.) forming cream-coloured needles of 2-amino-4 : 5-dimethyl- 
190) 1 86%). p. 125—126°, from dilute ethanol (Found: C, 74:0; H, 8-2. C,)H,,;ON requires C, 
73-6; H, 8-0%). 

4-Hydroxy-6 : 7-dimethylcinnoline.—The amine (0-2 g.) was diazotised with aqueous sodium nitrite 
(10%) in concentrated hydrochloric acid (5 c.c.), more ice-cold acid (20 c.c.) added, and the solution set 
aside for 2 days. Worked up as usual this gave the desired product (0-16 g.). 4-Hydroxy-6 : 7-dimethyl- 
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cinnoline formed buff-coloured rhombs, m. ) ngatrrn pe §. from ethanol (Found: C, 68-55; H, 5-9. 
CypH ON, requires C, 68-95; H, 58%). e acetyl derivative yielded, from dilute ethanol, fawn 
leaflets, m. p. 151—152° (Found : C, 66-6; H, 6-3. C,,H,,0,N, requires C, 66-65; H, 5-6%). 

Friedel-Crafts Reaction between Acetyl Chloride and 6-A cetamidotetvalin.—-6-Acetamidotetralin (5 g.), 
acetyl chloride (25 c.c.), and carbon disulphide (15 c.c.) were stirred together and treated with aluminium 
chloride (25 g.) during 10 minutes at 15°. After being boiled under reflux for 2 hours the mixture was 
decomposed with ice, the carbon disulphide removed by distillation, and the residue extracted with 
ether. The extract was washed with aqueous sodium —— the solvent removed, and the residue 
dried on a porous plate (3-59 g.; m. p. 95—100°). Crystallisation from dilute methanol gave pink 
leaflets of 6-acetamido-5-acetylietralin, m. 107—108° (Found: C, 70-2; H, 64; N, 48. 
C,4H,,0,N,4H,O requires C, 70-0; H, 7-6; N,5-8%). — 

The acetamido-compound (0-2 g.) and 2n-hydrochloric acid (5 c.c.) were heated under reflux for 10 
minutes, the white needles which separated on cooling collected (0-16 g.) and crystallised from dilute 
acetic acid. 2(or 4)-Hydroxy-4(or ne : 6-cyclohex inoline formed fluffy white needles, 
m. p. 282—283° (Found : C, 77-5; H, 7-1; N, 6-7. C..H,,ON4H,O requires C, 77-2; H, 7-0; N, 6-4%). 
Basification of the acid hydrolysis liquor gave the isomer, ting from dilute methanol in lustreless 
white nn es) p. 250—251° (Found: C, 75-0; H, 6-9; N, 5-9. C,,H,,ON,}H,O requires C, 75-65; 
H, 7:3; N, 6-3%). 

Nitration of 5-Acetylindane.—5-Acetylindane (10 g.), nitrated by the method of Borsche and John 
(loc. cit.), gave 10 g. of oily product which was boiled with alcohol (40 c.c.) for 3 hours (charcoal) (cf. 
Borsche and John) and then filtered; the solution was allowed to crystallise, giving a solid (1-5 g.), 
m. p. 73—75°. Recrystallisation from alcohol gave 5-nitro-6-acetylindane (1-0 g.) in colourless needles, 
m. p. 82—83°. The original alcoholic liquor on concentration to 30 c.c. deposited large prisms (0-75 g.), 
m. p. 90—91°. Crystallisation from alcohol gave fawn-coloured ay of 4-nitvo-5-acetylindane, m. p. 
91—92° (Found: C, 64-4; H, 5-7. C,,H,,0; —— C, 64-4; H, 5-4%). 

5-Nitro-6-acetylindane (0-5 g.), concentrated hy hloric acid (5 c.c.), acetic acid (1 c.c.), and stannous 
chloride (1-65 g.) were heated for 1 hour at 95°, and the mixture was made alkaline with aqueous sodium 
hydroxide and extracted with ether. The extract contained a product (0-45 g.) which crystallised from 
dilute alcohol in pale yellow needles, m. p. 131—132°, alone and mixed with 5-amino-6-acetylindane 
described above. 

4-Nitro-5-acetylindane (0-75 g.) reduced as above, gave the amine (0-52 g.). 4-Amino-5-acetyl- 
indane formed colourless leaflets, m. p. 88—89°, from dilute alcohol (Found: C, 74:0; H, 7-05. 
C,,H,;0N,H,O requires C, 73-5; H, 7-6%). 

4-Hydroxy-7 : 8-cyclopent innoline.—The foregoing amine (0-1 g.) in concentrated hydrochloric 
acid (5 c.c.) was diazotised with sodium nitrite (0-05 g.) in water (1 ant concentrated hydrochloric acid 





(20 c.c.) added, and the solution heated at 95° until it no longer coupled with alkaline B-naphthol. Worked 
up as in similar cases above, the mixture gave the crude product in low yield (0-02 g.). From dilute 
alcohol ¢ ?_* : 8-cyclopentenocinnoline formed colourless needles, m. p. 246—247° (Found: C, 


70-3; H, 5-2. C,,H, ON, requires C, 71-0; H, 5-05%). 

4-Hydroxy-7 : 8-cyclohexenocinnoline.—6-Acetyltetralin (6 g.) and concentrated sulphuric acid 
(60 c.c.) were stirred rapidly at —5° and treated dropwise during } hour with nitric acid (4 c.c.; d 1-5) 
in concentrated sulphuric acid (10 c.c.). The mixture was stirred for a further 14 hours at —5°, poured on 
ice, and extracted with ether. Concentration of the extract gave white needles (1-20 g., 17%), m. p. 
129—130°. Purification by crystallisation was not satisfactory, and finally the product from two such 
experiments was dissolved in benzene and passed over an alumina column, a small amount of 
§-nitro-6-acetyltetralin (1-06 g.), m. p. 142—143°, being isolated in this manner. 

A mixture of the nitro-compound (0-4 g.), concentrated hydrochloric acid (10 c.c.), and acetic acid 
(10 c.c.) was treated with stannous chloride (2 g.) in concentrated hydrochloric acid (2 c.c.), and the 
whole heated for 2 hours at 95°. On basification the solution yielded to ether a yellow solid (0-32 g.), 
which crystallised from dilute methanol in stout pale brown leaflets of 5-amino-6-acetyltetralin, m. p. 
87—88° (Found: C, 75-9; H, 8-0. C,sH,,ON requires C, 76-1; H, 8-0%). 

The amine (0-32 g.) in concentrated hydrochloric acid (80 c.c.) was diazotised with aqueous sodium 
nitrite (10%), the mixture set aside for 3 days at room temperature, and then worked up as usual. The 
almost pure product (0-15 g.) gave _ buff micro-crystals of 4-hydroxy-7 : 8-cyclohexenocinnoline, m. p. 
Sen ace — from dilute methanol (Found: C, 65-2; H, 5-8. C,,H,,ON,,H,O requires 

» VOU; , 65%). 

hloroacetylation of B-Acetonaphthalide.—B-Acetonaphthalide (18-5 g.), aluminium chloride (29-4 g.), 
and carbon disulphide (370 c.c.) were stirred together at 0° and treated with chloroacetyl chloride (11-3 g.) 
during 20 minutes. The mixture was stirred for a further $ hour at 0° and 9 hours at room temperature, 
set aside overnight (14 hours), and finally stirred and boiled under reflux for 1 hour. The solvent was 
decanted, and the residue decomposed with ice, and, after 24 hours, collected and dried (23 g.). Crystal- 
lisation from ethanol gave a less soluble fraction (4-5 g.), m. p. 210—212°, and a more soluble fraction 
(5-0 g.), m. p. 147—152°. Recrystallised from ethanol, these gave, respectively, fawn-coloured needles 
of 2-acetamido-6-chloroacetylnaphthalene, m. P- 220—221° (Found: C, 63-75; H, 4-6; Cl, 12-9. 
C,,H,,0,NCI requires C, 64-25; H, 4-6; Cl, 13-5%), and dull yellow rosettes of 2-acetamido-x-chloro- 
acetyinaphthalene, m. p. 158-5—159-5° (Found : C, 63-95; H, 4-8; Cl, 14-0%). 

6-Acetamido-2-acetonaphthone.—The chloro-ketone (5 g.), alcohol (150 c.c.), and etched zinc (50 g.) 
were boiled under reflux and stirred for 9 hours, the mixture was filtered, the zinc was washed with ethanol, 
and the combined filtrate and washings were concentrated, yielding a crystalline product (3-44 g.). 
6-Acetamido-2-acetonaphthone separated as stout white leaflets, m. p. 190—191°, from alcohol (Found : 
C, 74-0; H, 6-4. C,,H,,0,N requires C, 73-7; H, 5-7%). 

6-Chloro-2-acetonaphthone.—The acetamido-compound (3 g.), hydrochloric acid (30 c.c.; 4n.), and 
acetic acid (30 c.c.) were heated for 1 hour at 95°,and the solution was cooled, diazotised with aqueous 
sodium nitrite (30%), and added to cuprous chloride (from 3-96 g. of copper sulphate) in concentrated 
hydrochloric acid (15 c.c.). After the mixture had been kept overnight at 0° the product was collected 
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(2-21 g.) and crystallised from dilute methanol, giving fluffy, pale buff needles of 6-chloro-2-aceto- 
naphthone, m. p. 80—81° (Found: C, 70-1; H, 4-8. Calc. for C,,H,OCl: C, 70-4; H, 44%) (Jacobs 
et al., J. Org. Chem., 1946, 11, 27, give m. p. 83-5—84°). 
2-Chloro-6-acetamidonaphthalene.—The ketone (0-2 g.), trichloroacetic acid (2 g.), and sodium azide 
(0-1 g.) were heated at 60° for 4 hours, and the mixture was diluted with water and treated with an excess 
of aqueous ammonia. The pues was collected and crystallised from dilute ethanol, giving white 
needles of 2-chloro-6-acetamidonaphthalene, m. p. 182—183°, which did not depress the m, p. (183—184°) 
of an authentic specimen (Clemo and Legg, loc. cit.). 
2-Hydroxy-6-chloroacetylnaphthalene.—2-Acetamido-6-chloroacetylnaphthalene (5 g.), hydrochloric 
acid (70 c.c. ; 20%), and acetic acid (70 c.c.) were heated for 1} hours at 95°, and the solution was diazotised 
with aqueous sodium nitrite (10%) and heated for } hour at 70°. Crystallisation of the product (3-62 g.) 
from e ol gave a less soluble fraction (0-9 g.), m. p. 144—145°, and a more soluble one (1-77 g.), m. p. 
173—177°. The first provided pale yellow needles of 2-chloro-6-chloroacetylnaphthalene, m. p. 153—154° 
(Found: C, 60-4; H, 3-6; Cl, 28-9. C,,H,OCI, requires C, 60-3; H, 3-4; Cl, 29-7%), from alcohol, and 
the second gave pale buff needles of 2-hydroxy-6-chloroacetylnaphthalene, m. p. 180—181° (Found: C, 64-5; 
H, 4:0; Cl, 16-3. C,,H,O,Cl requires C, 65-3; H, 4-1; Cl, 16-1%), from benzene. 2-Chloro-6-chloro- 
acetylnaphthalene was also prepared by treating the diazonium solution with cuprous chloride, as above. 
2-Hydroxy-x-chloroacetylnaphthalene.—The low-melting product of the Friedel-Crafts reaction (3 g.), 
hydrochloric acid (30 c.c.; 20%), and acetic acid (30 c.c.) were heated for } hour at 95°, and the solution 
diazotised as above. After 35 days at room temperature the black precipitate was collected (2-03 g.) 
and extracted with alcohol (500 c.c.), and the extract concentrated, giving pale brown needles (0-21 g.). 
Recrystallisation from benzene gave yellow needles of 2-hydroxy-x-chloroacetylnaphthalene, m. p. 143—144° 
(Found: C, 65-9; H, 4:3; Cl, 15-4. C,,H,O,Cl requires C, 65-3; H, 4-1; Cl, 16-1%). 
2-Amino-3-naphthyldimethylcarbinol.—Methyl 3-amino-2-naphthoate (2 g.) in ether (200 c.c.) was 
added to methylmagnesium iodide (from 1-44 g. of magnesium) in ether (25 c.c.) during 1 hour at 0° with 
stirring, an orange complex being formed. The mixture was boiled under reflux for 4 hours, decomposed 
with ammonium chloride and ice, and the ethereal layer separated. Removal of the solvent gave an 
orange solid (1-58 g.), which on crystallisation from ether-ligroin (b. p. 60—80°) formed orange needles of 
cnet m. p. 104—105° (Found: C, 77-0; H, 7-3. Cy sH,,ON requires 
C, 77-6; H, 7-5%). 
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507. Cinnolines. Part XXIII. Some Derivatives of 5-, 7-, and 
8-Nitro-4-hydroxycinnoline. 4-Hydroxy-7-acetylcinnoline. 


By K. ScHoFIeLp and R. S. THEOBALD. 


5- and 7-Nitro-4-hydroxycinnoline are described. Various derivatives have been me red 
from these and from the 8-nitro-compound, and some from the derived amines. 4-Hydroxy- 
7-acetylcinnoline is converted by a Schmidt reaction into 7-acetamido-4-hydroxycinnoline. 
The ee displacement, by hydroxylamine, of the 4-phenoxy-group in a cinnoline derivative 
is reported. 


UNDER certain conditions 4-hydroxycinnoline yields on nitration, besides the major product, 
6-nitro-4-hydroxycinnoline, a small amount of an unidentified mononitro-compound, m. p. 
276—277° (Schofield and Simpson, j., 1945, 512). In view of this, and of the potential 
therapeutic interest of derivatives of Bz-aminocinnolines (Keneford, Lourie, e¢ al., Nature, 
1948, 161, 603) we have prepared the various compounds described in this paper. 

Recently (Schofield and Theobald, this vol., p. 796) we described a method of obtaining 6-nitro- 
and 4-nitro-2-aminoacetophenone, and these compounds, on diazotisation, readily provided 
5-, m. p. 304—305°, and 7-nitro-4-hydroxycinnoline, m. p. 295—296°, respectively. Each of 
these cinnolines depressed the m. p. of the above-mentioned isomer, m. p. 276—277°, which, 
it has been suggested (Schofield and Swain, this vol., p. 1367), is 3-nitro-4-hydroxycinnoline. In 
contrast to 8-nitro-4-hydroxycinnoline (Schofield and Simpson, loc. cit.; Simpson, J., 1947, 
237) the new compounds readily form acetyl derivatives under normal conditions. Reduction 
of 7- and 8-nitro-4-hydroxycinnoline (the latter being now readily available; Schofield and 
Theobald, Joc. cit.) gave 7- and 8-amino-4-hydroxycinnoline, both of which yielded diacetyl 
derivatives. On diazotisation 8-amino-4-hydroxycinnoline behaved similarly to 8-amino-4- 
hydroxyquinaldine (Halcrow and Kermack, J., 1945, 415), giving 1 : 8-azo-1 : 4-dihydrocinnol- 
4-one (I). 4-Chlovro-5-nitro-, 4-chloro-7-nitro-, and 4-chloro-8-nitro-cinnoline (cf. Keneford, 
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Morley, and Simpson, J., 1948, 1702) were obtained by standard means, the last, like 4-chloro- 
6-nitrocinnoline (Schofield and Simpson, Joc. cit.), being rapidly hydrolysed when kept. Kene- 
ford, Morley, and Simpson (loc. cit.), by the action of phenol and ammonium carbonate on 
4-chloro-8-nitrocinnoline, obtained a mixture of 8-nitro-4-phenoxycinnoline and 8-nitro-4- 
aminocinnoline, but the course of this reaction is apparently sensitive to small changes in the 
conditions, for in a slightly modified experiment we obtained only the 4-phenoxy-compound. 
1-Nitro-4-phenoxycinnoline was prepared similarly. These phenoxy-derivatives gave the 
corresponding 8-nitro- and 7-mnitro-4-aminocinnoline on treatment with fused ammonium 
acetate, but reduction of these compounds to the diamines offered some difficulty. Finally, 
4 : 8-diaminocinnoline, which gave a diacetyl derivative, was secured by using iron and aqueous 
ferrous sulphate (Hodgson and Hathway, J., 1944, 538) as the reducing agent, but even under 
these mild conditions we could not produce the 4: 7-diamine. The most that could be achieved 
was a mediocre yield of 4 : 7-diacetamidocinnoline by reductive acetylation of the nitro-compound. 

The methylation of 6-nitro-4-hydroxycinnoline (Schofield and Simpson, loc. cit.) is of interest 
in that it provides both 6-nitro-l1-methyl-1 : 4-dihydrocinnol-4-one (II) and the methyl 





=N 

(I.) 
nitronate (III). . In contrast, 8-nitro-4-hydroxycinnoline, for which the same formal possibilities 
exist, gave only 8-nitvo-1-methyl-1 : 4-dihydrocinnol-4-one (possibly because nitronate formation 
here would involve the less stable o-quinonoid form). As was to be expected, 5- and 7-nitro- 
4-hydroxycinnoline behaved similarly, giving respectively 5- and 7-nitro-1-methyl-1 : 4-dihydro- 
cinnol-4-one. 

When our work began, 4-nitro-2-aminoacetophenone was not available and the diazotisation 
of 2-amino-1 : 4-diacetylbenzene (IX), combined with obvious standard conversions, appeared 
to offer the easiest means of access to derivatives of 7-aminocinnoline. 2-Amino-1 : 4-diacetyl- 
benzene has been described by Ruggli and Gassenmeier (Helv. Chim. Acta, 1939, 22, 496) and 
by Christensen, Graham, and Griffith (J. Amer. Chem. Soc., 1945, 67, 2001), and was prepared 
from terephthaloyl chloride (IV) in the stages shown below. In the step (VI) ——> (VII) the 


VN On - 
© a? J -COCHC _ co: CH,'CO,Et 
“cx-co-k P 0,Et ~ EtO,C-CH,-co— C) 


EtO,C 
4 


VA 
Ac Ac 
NH, € ad Mb, < 
(VIII.) 


Swiss authors obtained only a 10—15% yield. We raised this to 75—80%, and by using the 
method of Kermack and Smith (J., 1929, 814) have reduced the conversion (V) —-> (VII) toa 
one-stage process with an overall yield of 55—60%. Nitration of (VII) gave 60% of (VIII), 
m. p. 63°, in agreement with the figure given by Christensen and his co-workers (loc. cit.) 
(Ruggli and Gassenmeier, Joc. cit., give m. p. 46°). Diazotisation of 2-amino-] : 4-diacetyl- 
benzene gave either 2-hydroxy-1: 4-diacetylbenzene (X) or 4-hydroxy-7T-acetylcinnoline (XI), 
depending on whether the reaction was effected in dilute or concentrated acid solution (cf. 
Schofield and Simpson, J., 1948, 1170). 

The oxime of 4-hydroxy-7-acetylcinnoline was unaffected by hydrochloric-acetic acid 
mixture, but was converted by sulphuric acid into a compound, m. p. 276—277° (not analysed), 
yielding an acetyl derivative, m. p. 191°, which analysed satisfactorily for 7-acetamido-4- 
acetoxycinnoline, but which, in view of the preparation described above, must be regarded as 
of doubtful nature (it may be 4-acetoxycinnoline-7-carboxymethylamide). However, a 
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Schmidt rearrangement of 4-hydroxy-7-acetylcinnoline readily provided 7-acetamido-4-hydroxy- 
cinnoline, identified by hydrolysis to the free amine identical with that described above. 

4-Chloro-7-acetylcinnoline was obtained by standard means and converted into 4-phenoxy- 
7-acetylcinnoline. Treatment of the latter with fused ammonium acetate, a reagent which 
converts the 4-phenoxy-compound into the 4-aminocinnoline in good yield in other cases (present 
paper and Part XVII, J., 1948, 358), gave no useful result. 4-Phenoxy-7-acetylcinnoline 
reacted in an unexpected fashion with hydroxylamine, giving 4-hydroxylamino-7-acetylcinnoline 
oxime (XII), as indicated by the fact that phenol was liberated during the reaction and by 
analysis of the product. Other examples of this ready nucleophilic substitution aré being 
examined. The oxime (XII) was ee by hydrogen chloride in acetic acid—anhydride 
mixture to 4-hydroxylamino-7-acet innoline (or 4-hydroxylaminocinnoline-7-carboxy- 
methylamide). 





EXPERIMENTAL. 
M.p.s are uncorrected. Diazotisations were effected at 0°. 


5- and 7-Nitro-4- -hydroxycinnoline. —6- fn Nat gt ne (0-8 g.) in acetic acid (8 c.c.) 
and su ey acid (4 c.c.; ca. 30N.) was diazotised with powdered sodium nitrite (4 g.), the solution 
set aside for 24 hours at room temperature, heated for 4 hour at 95°, and then diluted with water, 
and the product collected (0-59 g.). 5-Nitro-4-hydroxycinnoline separated from alcohol in colourless 
needles, m. p. 304—306° (Found: C, 50:7; H, 2:8. C,H,O,N, requires C, 50-3; H, 26%). The 
acetyl derivative crystallised in colourless leaflets, m. p. 185—186°, from dilute alcohol (Found : 
C, 50-7; H, 2-9. Cy H,O,N;, requires C, 51-5; H, 3-0%). 

In the same way 4-nitro-2-aminoacetophenone (1-5 g.) gave 7-nitro-4-hydroxycinnoline (1-2 g.), 
forming pale yellow needles, m. p. 295—296°, from alcohol (Found: C, 50-1; H, 2-3%). The acetyl 
derivative separated from dilute alcohol and had m. p. 140—141° (Found : C, 52-1; H, 3-2%). 

7- and 8-Amino-4-hydroxycinnoline.—T-Nitro-4-hydroxycinnoline (0-2 g.), acetic acid (2 c.c.), 
water (1 c.c.), and iron powder (0-14 g.) were boiled together for 1 hour, the mixture was filtered hot, 
the iron cake was washed with boiling water (50 c.c.), and the combined filtrate and washings were 
cooled in ice. 7-Amino-4- ee ogo (0-18 g.) formed fawn-coloured needles, m. p. 276—277°, 
from dilute alcohol (Found: C, 60-7; H, 5-3. C,H,ON, requires C, 59-6; H, 4-4%). iling acetic 
anhydride converted this into 7- acetamido-4- -acetoxycinnoline, which gave very small colourless 
48% Pp. >330°, from dilute alcohol (Found: C, 58-8; H, 4-6. C,,H,,0,N, requires C, 58-8; 
H, 4:5 

Obtained by the same method, in similar yield, 8-amino-4-hydroxycinnoline formed lustreless 
yellow needles, m. p. 290—291°, from dilute acetic acid (Found: C, 59-0; H, 4:1%). 8-Acetamido- 
4-acetoxycinnoline separated in tan needles, m. p. 282—283°, from dilute "ethanol (Found: C, 59-3; 
H, 4-5%). Diazotisation of the blood-red solution of 8-amino-4- -hydroxycinnoline (0-06 g.) in hydro- 
chloric acid (2 c.c.; 2N.) with aqueous sodium nitrite (10%) gave an immediate white precipitate. 
Collected after 2 hours at 0° (0-05 g.), this gave buff-coloured leaflets of 1 : 8-azo-1 : 4-dihydrocinnol- 
4-one, m. p. 159—160° (decomp.), from dilute ethanol (Found: C, 56-0; H, 2-4. C,H,ON, 
requires C, 55-8; H, 2-3%). 

4-Chlorocinnoline Derivatives.—The 4- -hydroxy-compound (1 part by wt.) and phosphorus oxychloride 
(2 vols.) were heated for } hour at 95°, and the mixture was decomposed with ice, neutralised with 
sodium acetate, and extracted with chloroform. In this way 5-nitro-4-hydroxycinnoline (0-1 g.) 
gave 4-chloro-5-nitrocinnoline (0-08 § which formed lemon-yellow crystals, m. p. 170—171°, from 
ether-ligroin (b. p. 40—60°) (Found: C, 46-3; H, 2-5. C,H,O,N;Cl requires C, 45-8; H, 1-9%). 
Ce oe ae formed in similar yield, gave pale yellow needles (from the same solvent), 

148—149° (Found: C, 45-8; H, 2-1%). 4-Chloro-8-nitrocinnoline gave golden leaflets, m. p. 
167-1 69°, which were quickly hydrolysed when kept. 

7- and 8-Nitro-4-phenoxycinnoline. —4-Chloro-7-nitrocinnoline (0-6 g.), phenol'(5 g.), and ammonium 
carbonate (2 g.) were gently warmed together; the reaction was allowed to subside and completed 
by heating for $ hour at 95°. The product (0-82 g.), isolated by pouring the solution into dilute 
sodium hydroxide solution, gave pale yellow needles of 7-nitro-4-phenoxycinnoline, m. p. 172—173°, 
on crystallisation from benzene-ligroin (b. p. 40—60°) (Found: C, 62-9; H, 3-2. C,,H,O,N;, requires 
C, 62-9; H, 3-4%). 8-Nitro-4-hydroxycinnoline (0-5 g.) and phosphorus oxychloride (5 c.c.) were 
heated for ; hour at 95°, ligroin (b. p. 40—60°) was added, and the precipitate, after being washed 
several times by decantation with ligroin, was treated as above, giving a product (0-77 g.), which 
yy Br 3.49% eda needles of 8-nitro-4-phenoxycinnoline, m. p. 166—167°, from benzene (Found : 


7- a 5 Waeedamtansinnatine. —7-Nitro-4-phenoxycinnoline (0-65 g.) was added with stirring 
to ammonium acetate (5 g.) at 140° (internal temperature), the mixture maintained for } hour at this 
temperature, and the amine (0-45 g.) isolated by dilution and addition of an excess of aqueous 
ammonia. Crystallisation from dilute ethanol gave yellow leaflets of 7-nitro-4-aminocinnoline, m. p. 
300—301° dleseme (Found: C, 48-7; H, 3-6. C,H,O,N,,4H,O requires C, 48-2; H, 3-5%) 

A 5-minutes reaction gave a similar yield of 8-nitro-4-aminocinnoline, which se ted from the 
same solvent in fine yellow needles, m * P 235—236° (decomp.) (Found: C, 47-0; H, 3- oo Calc. for 
C,H,O,N,,H,O: C, 46-1; H, 3-9%) [Keneford e¢ al., loc. cit., give m. p. 242—243° (decomp.). The 
difference may be due to ‘the degrees of hydration]. 

4: 7-Diac —7-Nitro-4-aminocinnoline (0-06 g.), acetic anhydride (2 c.c.), zinc 
dust (0-1 g.), and sodium acetate (0-02 g.) were warmed at 95° for $ hour with frequent shaking. 
Addition & water (10 c.c.), filtration whilst hot, and addition of an excess. of aqueous ammonia gave 
a product (0-02 g.), which formed very small colourless needles of 4 : 7-d oline, m. p. 
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(300°) 312° Wesemp,). on crystallisation from dilute ethanol (Found : C, 54-4; H, 5-9. C,,H,,0,N,,H,O 
requires < 54:9 > <2, 5-4%) 
4: l 


: 8- —8-Nitro-4-aminocinnoline (0-1 g.), iron powder (0-2 g.), water (10 c.c.), 
and ferrous sulphate (0-02 g.) were heated under reflux for 1 hour, the mixture was made alkaline 
with aqueous ammonia and filtered whilst hot. The iron residues were washed with hot water, and 
the combined filtrate and washings extracted with chloroform. Removal of the dried (Na,CO,) 
solvent and one isation of the crude material (0-08 g.) from oe (b. p. 40—60°) gave 
a product (0-04 g.), m. p. 163—166°. Pure 4: 8-diaminocinnoline was a buff-coloured solid, m. p. 
167—168° (Found: C, 56-0; H, 4:8. C,H,N,,#H,O requires C, 55-8; H, 55%). Acetic anhydride 
converted this into 4 : 8-diacetamidocinnoline, m. p. 299—300°, which formed e greenish-yellow 
needles from dilute alcohol (Found: C, 59-1; H, 5-1. C,,H,,0,N, requires C, 59-0; H, 4:95%). 

5-, 7-, and 8-Nitro-1-methyl-1 : 4-dihydrocinnol-4-one.—In each case the 4-hydroxy-compound (0-2 g.) 
in warm 2% potassium hydroxide solution (3-65 c.c.) was treated at 50°, with stirring, with methyl 
sulphate (0-1 c.c.), and the substantially pure product collected after 2 minutes (0-16—0-17g.). 5-Nitro- 
1-methyl-1 : 4-dihydrocinnol-4-one gave e yellow leaflets, m. p. 188—189°, from ethanol (Found : 
C, 52-4; H, 3-4. C,H,O,N, requires C, 52-7; H, 3-4%). From the same solvent 7-nitro-l-methyl- 
1: 4-dihydrocinnol-4-one formed pale orange leaflets, m. p. 238° (Found: C, 53-1; H, 3-5%), whilst 
8-nitro-1-methyl-1 : 4-dihydrocinnol-4-one separated in yellow needles, m. p. 243—244° (Found: C, 
53-0; H, 3-5%). 

-Diacet i (V) —> (VII). Terephthaloyldiacetoacetic ester (V) (10 g.; obtained in 
70% yield from runs using 100 g. of terephthalic acid, by the method of Berend and Herms, /. ot 
Chem., 1906, '74, 133), alcohol (100 c.c.), and concentrated sulphuric acid (5 c.c.) were heated under 
reflux for 14 hours, water was added (100 c.c.), the solution concentrated to its original volume and 
then boiled under reflux for 8 hours more. The crude ketone was triturated with 3% sodium 
hydroxide solution, washed with water, and dried: yield, 2-5 g. (60%); m. p. 113—114° (Berend 
and Herms, loc. cit., give m. Pp. 114°). 

(ii) (V) —> (VI) —~> (VII). _ 5 G. of (V) were warmed and stirred at 60° with alcoholic ammonia 
(25 g. of a mixture made from 11-4 c.c. of ammonia, d 0-88, and 93 c.c. of ethanol) until dissolution 
was complete. After acidification the product was collected and crystallised from ethanol; yield, 
3-10 g.; m. p. 70°. 

2% G. of (V1) were heated under refiux for 6 hours with 10% sulphuric acid (25 c.c.), the mixture 
was cooled, and the product collected, washed with water, and purified as im (i) above; yield, 1-09 g.; 
m. p. 113—114°. 

OH droxy-1 : 4-diacetylbenzene.—2-Amino-|} : 4-diacetylbenzene (0-2 g.) in 4N-hydrochloric acid 
10 c.c.) was diazotised with aqueous sodium nitrite (10%), and the solution heated on the steam- 
bath until it no longer showed coupling properties. The product (0-11 g.) gave colourless needles 
of 2-hydvoxy-1 : 4-diacetylbenzene, m. p. 74—75°, from dilute alcohol (Found: C, 67-1; H, 5-1. 
CoH .0; requires C, 67-4; H, 5-6%). 

4-Hydroxy-7-acetylcinnoline.—The amine (3 g.) in concentrated hydrochloric acid (75 c.c.) was 
diazotised with aqueous sodium nitrite (10%), concentrated hydrochloric acid (300 c.c.) added, and 
the solution set aside for 3 days at room temperature and then heated at 75° until coupling properties 
disappeared. Concentration to a small volume and neutralisation with sodium acetate precipitated 
the product (1-5 g.), which crystallised from alcohol in pale yellow prisms of 4-hydroxy-7-acetyl- 
cinnoline, m. p. 242—243° (Found: C, 63-0; H, 4-2. C,H gO,N, requires C, 63-8; H, 4-3%). 

The cinnoline (1 g.), alcohol (20 c.c.), ——— hydrochloride (0-37 g.), sodium acetate 
(0-44 g.), and water (10 c.c.), when boiled under reflux for 1 hour, gave the substantially pure oxime 
(0-64 g.), which gems from alcohol as a buff-coloured solid, m. p. 294—295° (Found: C, 59-0; 
H, 4:3. CyH,O,N, requires C, 59-1; H, 4:4%). 

The oxime (1 g.) was added gradually to sulphuric acid (5 c.c.; 85%) and stirred over a small 
flame until dissolved. After the mixture had been poured into water, the product was crystallised 
from alcohol, giving a brown solid, m. p. 281—282°. Treatment with boiling acetic anhydride gave 
a product, m. p. 191—192° (Found: C, 58-2; H, 42. C,,H,,0,N, requires C, 58:8; H, 45%). 

7-Acetamido-4-hydroxycinnoline.—4-Hydroxy-7-acetylcinnoline (0-1 g.), concentrated sulphuric 
acid (2 c.c.), and chloroform (10 c.c.) were stirred together at room temperature and then treated 
with sodium azide (0-1 g.). Stirring was continued for 3 hours with occasional replenishment of the 
chloroform. Finally the chloroform was allowed to evaporate completely, the residue diluted with 
ice and neutralised with sodium acetate, and the product collected (0-07 g.). eer ry ge 
cinnoline separated from alcohol in colourless crystals, m. p. >330° (Found: C, 58-2; , 52. 
C,H,O,N, requires C, 59-1; H, 4.4%). The acetamido-compound (0-06 g.) was heated under reflux 
with hydrochloric acid (2 c.c.; 5N.) for 1 hour, and the solution cooled and neutralised with sodium 
acetate. When kept, the solution deposited 7-amino-4-hydroxycinnoline (0-03 g.) identical with that 
described above. 

4-Chloro-7-acetylcinnoline.—4-Hydroxy-7-acetylcinnoline (0-2 g.) and phosphorus oxychloride 
(2 c.c.) were heated for 10 minutes at 95°, and the solution was decomposed with ice, neutralised with 
sodium acetate, and extracted with ether. Concentration of the extract, after it had been washed 
with dilute sodium carbonate solution and dried (Na,SO,), gave a pale yellow solid (0-18 g.).. 4- 
Chloro-7-acetyicinnoline formed pale yellow needles, m. p. 147—148°, from ether-ligroin (b. p. 40— 
60°) (Found: C, 57-6; H, 3-6. C,H,ON,Cl requires C, 58-4; H, 3-5%). ; 

_ 4-Phenoxy-7-acetylcinnoline—The chloro-compound (0-2 g.) gave the desired product (0-15 g.) 
in the usual way. From ether-ligroin (b. P 40—60°) 4-phenoxy-7-acetylcinnoline formed colourless 
leaflets, m. p. 141—142° (Found: C, 70-9; H, 4-5. C,.H,,0,N,,4H,O requires C, 70-3; H, 4-8%). 
4-Hydroxylamino-7-acetylcinnoline Oxime.—The -compound (0-1 g.), hydroxylamine 
hydr ide (0-03 g.), sodium acetate (0-05 g.), alcohol (5 c.c.), and water (5 a were warmed for a 
few minutes on the steam-bath, the solution was set aside for 24 hours at room temperature, and the 
Product collected (0-09 g.). 4-Hydroxylamino-7-acetylcinnoline oxime gave pale yellow crystals, m. p. 
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264—265° (decomp.), from alcohol (Found: C, 54-8; H, 48. CH »O,N, requires C, 55-0; H, 
4-6%). The oximation mother-liquor was treated with an excess of sodium carbonate, saturated 
with carbon dioxide, and steam-distilled. Extraction of the distillate with ether, removal of the 
ether after drying (Na,SO,), and treatment of the residue, in acetic acid, with bromine water gave 
baer rs er m. p. 91—93°, alone and mixed with an authentic imen. 

4-Hydroxylamino-7-acetamidocinnoline.—A solution of the oxime (0-1 g-) in acetic acid (5 c.c.) and 
acetic anhydride (2-5 c.c.) was saturated with hydrogen chloride and set aside for 1 day at room 
temperature, and the product collected (0-07 g.). Crystallisation from alcohol gave pale yellow 
needles of 4-hydroxylamino-7 tamidoci line, m. p. 229—230° (Found: C, 55-6; H, 4-9, 
Cy9H.0,N, requires C, 55-05; H, 46%). 
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508. Cinnolines. Part XXIV. Heterocyclic Nuclei as Substituents in 
the Widman-Stoermer Synthesis. Part I. Pyridyl and Quinolyl Nuclei. 


By K. ScHOFIELD. 


The Widman-Stoermer synthesis (I) ——> (II) is applicable to the synthesis of 4-aryl-3- 
2’-pyridyl- and 4-aryl-3-2’-quinolyl-cinnolines, but the success of the reaction depends on the 
electron-releasing ability of the aryl group. 4-p-Methoxyphenyl-3-2’-pyridyl- and -3-2’- 
quinolyl-cinnoline are described, and 4-phenyl-3-2’-pyridylcinnoline has been isolated in 
poor yield as its picrate. A small yield of 4-2’-pyridylcinnoline is obtained by diazotisation of 
the appropriate ethylene and differs from the “‘ C,,H,N; base ’’ (Schofield and Simpson, Part 
V, J., 1946, 672) to which this structure was previously assigned. 


THE work of Stoermer and Simpson and their collaborators (Stoermer and Fincke, Ber., 1909, 
42, 3115; Stoermer and Gaus, ibid., 1912, 45, 3104; Simpson and Stephenson, J., 1942, 353; 
Simpson, J., 1943, 447; 1946, 673) has led to a fairly comprehensive understanding of 
the circumstances in which the Widman-Stoermer reaction (I) ——> (II) may be expected to 


1 


R 
ON/\ 
l Xx Re 
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N 

(II.) 


succeed. Thus, cinnoline formation does not occur for the compounds (I; R, = H or CO,H) 
and (I; R, = aryl, CO,H, CO,Et, CN, 2-pyridyl, or 2-quinolyl). However, with (I; R, = aryl) 
cyclisation is favoured even when R, is also an aryl group. In the last circumstance cinnoline 
formation is independent of the stereochemical configuration of the ethylene, although in the 
case of cis-compounds it must be regarded as being in competition with the Pschorr phenanthrene 
synthesis. The example in which R, = Ph, and R, = Br, was examined by Stoermer and 
Fincke (loc. cit.), and, surprisingly, 4-phenylcinnoline was the only identified product. 

As indicated above, the only compounds hitherto examined in which one of the substituents 
was a heterocyclic nucleus have been (III; R = H) and (VIII; R = H) (Simpson, /., 1946, 
673). In view of the dominating influence of an aryl group at R, in (I) it seemed reasonable 
to expect that successful ring-closure would ensue on diazotisation of ethylenes of the type 
(I; R, = aryl, R, = heterocyclic nucleus), for, if the probable mechanism of the Widman-— 
Stoermer synthesis is borne in mind (Schofield and Simpson, J., 1945, 520), a heterocyclic 
nucleus at R,, if it were basic, would probably encourage the necessary polarisation of the 
ethylenic linkage [e.g., (III) —~> (IV) —~> (V)]. On the same grounds, cinnoline formation 
might be discouraged if R, were a basic heterocyclic residue. Successful cyclisation would give 
products of interest for their similarity to various pyridylquinolines (Cook, Heilbron, Hey, 
et al., J., 1943, 401, e¢ seqg.), and furthermore if it occurred with the compound (I; R, = 2- 
pyridyl, R, = H), it would yield authentic 4-2’-pyridylcinnoline and so provide a crucial test 
of the hypothesis put forward (Part V, loc. cit.) to explain the complex reaction which occurs 
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between pyridine, acetic anhydride, and 4-hydroxycinnoline-3-carboxylic acid. The present 
paper describes preliminary experiments along these lines. 


\W NN, 
(VI.) 


Ethylenes of the first type mentioned above (I; R, = aryl; R, = heterocyclic nucleus) 
are comparatively accessible. Although examination of the reactions is not yet complete, 
2-aminobenzophenone reacted with 2-pyridylmethyl-lithium and 2-quinolylmethyl-lithium 
to give phenyl-o-aminophenyl-2-pyridylmethyl- (VI; R= Ph) and phenyl-o-aminophenyl-2’- 
quinolylmethyl-carbinol (VII; R = Ph), respectively, and similarly 0-aminophenyl-p-methoxy- 
phenyl-2-pyridylmethyl- (VI; R= p-methoxyphenyl) and 0-aminophenyl-p-methoxyphenyl- 
2-quinolylmethyl-carbinol (VII; R = p-methoxyphenyl) were obtained from 2-amino-4’- 
methoxybenzophenone. Dehydration of these carbinols furnished 1-phenyl-1-o-aminophenyl- 
2-2’-pyridylethylene (III; R=Ph), and 1-phenyl-l-o-aminophenyl- (VIII; R= Ph) and 
1-0-aminophenyl-1-p-methoxyphenyl-2-2’-quinolyl-ethylene (VIII; R = p-methoxyphenyl). 1-o- 
Aminophenyl-1-p-methoxyphenyl-2-2’-pyridylethylene (III; R = p-methoxyphenyl) was 
isolated as its picrate. The dehydrations proceeded more readily with the derivatives of 2- 
amino-4’-methoxybenzophenone than with those of 2-aminobenzophenone (there are indications 
of the similar effect of a cape worn in the work of Simpson and + in loc. Pr 


Q 
mae : 
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Ethylenes of the type (I; ee = ‘aan nucleus) are difficult to obtain. In small- 
scale experiments Wilson (j., 1931, 1936) prepared 2-o-nitrobenzoylpyridine (XIII) by the 
method illustrated above. 2-Benzylpyridine is now fairly readily obtained (Crook, J. Amer. 
Chem. Soc., 1948, 70, 416), and we found it convenient to prepare its dinitro-derivative (X) in 
two stages, instead of by direct dinitration (Tschitschibabin, Kuindshi, and Benewolenskaja, 
Ber., 1925, 58, 1580; cf. Bryans and Pyman, /., 1929, 549). Wilson’s original method for 
reducing (X) to (XI) was readily adapted to the larger scale used in this work, but efficient 
deamination of (XI) to (XII), isolated as its picrate, required treatment of the diazonium 
derivative with a larger excess of hypophosphorous acid than was used by the earlier worker 
(cf. Kornblum, ‘‘ Organic Reactions,’’ Vol. II, p. 278). The oxidation of (XII) to 2-o-nitro- 
benzoylpyridine (XIII) was improved, and subsequent reduction gave 2-0-aminobenzoyl- 
pyridine, which with the appropriate Grignard reagents provided 0-aminophenyl-2-pyridyl- 
methylcarbinol and 0-aminophenyl-2-pyridylbenzylcarbinol. The latter has not yet been examined, 
but dehydration of the former carbinol furnished 1-0-aminophenyl-1-2’-pyridylethylene, 
isolated as its picrate. 

Diazotisation of these various ethylenes led to interesting results. The two carrying 
p-methoxyphenyl groups gave, in yields greater than 70%, the corresponding 4-p-methoxy- 
phenyl-3-2’-pyridyl- (V; R = p-methoxyphenyl) and 4-p-methoxyphenyl-3-2’-quinolyl-cinnoline 
(IX; R = p-methoxypheny]), but, in the cases where the methoxy group was lacking, diazotis- 
ation led to tarry products. With (III; R = Ph) a small yield (25%) of 4-phenyl-3-2’-pyridyl- 
cinnoline picrate was isolated, but (VIII; R = Ph) has not so far yielded a homogeneous product. 

These results seem to suggest that a pyridyl or quinolyl group in the potential C,,, position 
of cinnoline, being electron-attracting in acid media, removes some of the electronic charge 

7R 
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accumulated at Cg in (IV), and unless the supply of electrons is sufficiently great, as is ensured 
by the presence of the methoxyl-group in the above examples, cinnoline formation is greatly 
hindered. It is unlikely that the steric configuration of the ethylenes is responsible for this 
result in view of the findings on this point mentioned above. The situation recalls the behaviour 
of the tolazoles described in an accompanying paper (Part X XI, this vol., p. 2393). 

Equally interesting was the diazotisation of 1-o-aminophenyl-1-2’-pyridylethylene. For the 
reasons already mentioned this was effected in dilute acid, and it proved possible to isolate 
4-2’-pyridylcinnoline picrate, m. p. 201—203°, from the reaction product, in about 25% yield. 
Alkaline decomposition of the picrate gave 4-2’-pyridylcinnoline, m:p. 128—129°. Evidently the 
diazonium group can sufficiently influence the polarisation of the ethylenic linkage in this case 
to permit some cinnoline formation, despite the influence of the weakly basic 2-pyridyl group. 

As indicated, an authentic specimen of 4-2’-pyridylcinnoline was required for comparison 
with a compound to which this structure had previously been assigned, which arose from a series 
of transformations carried out on the reaction product of pyridine, acetic anhydride, and 4- 
hydroxycinnoline-3-carboxylic acid (Part V, Joc. cit.). This compound, a yellow base C,,H,N,, 
m. p. 152°5—153°5°, differs entirely from the synthetic product now obtained, and the picrates 
of the two compounds confirm this difference. Clearly, the hypothesis put forward to explain 
the origin of the “‘ C,,H,N; base ’’ is wholly or partly mistaken. The properties of 4-2’-pyridyl- 
cinnoline make it unlikely that the other compound has the alternative y-pyridyl structure, 
but this point should be confirmable by a synthesis similar to that described here. We are 
re-examining the reaction between pyridine, acetic anhydride, and 4-hydroxycinnoline-3- 
carboxylic acid. 

The properties of the new cinnolines are being examined, as are those of some related 
quinoline derivatives prepared from 2-0-aminobenzoylpyridine, and more convenient syntheses 
of this and similar ketones are being sought. The present examples clearly offer an interesting 
field for the study of the effect of pH on the Widman-Stoermer synthesis, and experiments 
along these lines are in hand. 

EXPERIMENTAL. 

M.p.s are uncorrected. Ether extracts were dried with sodium sulphate unless otherwise stated, 
and diazotisations were effected at 0—5°. 

2-Pyridylmethylcarbinols.—2-Amino-4’-methoxybenzophenone (22-7 8.) in ether (50 c.c.) and 
benzene (50 c.c.) were added during } hour to 2-pyridylmethyl-lithium [from 1-66 g. of lithium (Org. 
Synth., 23, 83)], the red suspension was stirred for 5 hotirs‘at room temperature and then for 1 hour 
under reflux. Decomposition with water, extraction with ether, and concentration of the extract 
gave the almost pure product (15-6 g.), m. p. (151°) 152—153°. o-Aminophenyl-p-methoxyphenyl-2- 
pyridylmethyicarbinol separated from methanol in soft white needles, m. p. 152-5—i153-5° (Found: 
C, 75:2; H, 6-2. CygHO,N, requires C, 75-0; H, 63%). Acetylation at 95° with pyridine~—acetic 
anhydride gave the monoacetyl derivative, crystallising in white needles, m. p. 169—170°, from 
ethanol (Found: C, 72-95; H, 6-1; N, 7-6. CygH,,O,N, requires C, 72:9; H, 6-1; N, 7-7%). 

Under the same conditions 2-aminobenzophenone (19-7 g. in 100 c.c. of benzene and 50 c.c. of 
ether) gave 8-7 g. of substantially pure product. 1-o-aminophenyl-2-pyridylmethyicarbinol 
gave rosettes of white needles, m. p. 164—165°, from othanal (Found: C, 78-7; 6-7. Cy H,,ON, 
requires C, 78-6; H, 6-2%). The monoacetyl derivative crystallised from methanol in white needles, 
m. p. 180—181° (Found: C, 75-5; H, 6-1. C,,HO,N, requires C, 75-9; H, 6-1%). 

Quinolylmethylcarbinols._-2-Amino-4’-methoxy benzophenone (3 g.) in ether (75 c.c.) was added 
to 2-quinolylmethyl-lithium (prepared from 0-22 g. of lithium as for 2-pyridyimethyl-lithium) in the 
same solvent (50 c.c.), and the bright red suspension stirred for 5 hours at room temperature. Worked 
up as in the above cases this gave the almost pure product (1-7 g.). 0-Aminophenyl-p-methoxy- 
phenyl-2-quinolylmethylcarbinol gave soft, dull white needles, m. p. 159—160°, from ethanol (Found : 
C, 77-4; H, 6-1; N, 7-6. C,,H,,0,N, requires C, 77-8; H, 6-0; N, 7-6%). 

In the same way, 2-aminobenzophenone gave the related product in 23% yield. Phenyl-o- 
aminophenyl-2-methylquinolylmethyicarbinol separated from ethanol as fluffy white needles, m. p. 
161—162° (Found: C, 80-85; H, 6-0; N, 8-6. C,,H,ON, requires C, 81-1; H, 5-9; N, 8-2%). 

1-Phenyl-1-0-aminophenyl-2-2' -pyridyl- and 1-Phenyl-1-0-aminophenyl-2-2’- uinolyl-ethylene.—Pheny!- 
o-aminophenyl-2-pyridylmethylcarbinol (1 g.) and concentrated sulphuric acid (3 c.c.) were heated at 95° 
for } hour, and the solution was diluted with ice, made alkaline with aqueous ammonia, and extracted 
with ether. Concentration of the extract and addition of a little ligroin (b. p. 60—80°) caused the 
separation of a crystalline yellow solid (0-67 g.), m. p. 137—138°. 1-Phemyl-1-o-aminophenyl-2-2’- 
peeaiene separated from methanol in pale yellow z isms, m. p. 139—140° (Found: C, 83-3; 

, 60; N, 10-1. C,,H,,N, requires C, 83-8; H, 5-9; N, 10-3%). The picrate formed small, per- 


manganate-coloured needles from ethanol, m. & 188—189° (with preliminary shrinking) (Found : 


C, 60-3; H, 4-1. C,,H,,N,,C,H,0,N, requires C, 59-9; H, 3-8%). 

Similar treatment for } hour at 95° of the analogous quinolylmethylcarbinol (2 g.) with concen- 
trated sulphuric acid (5 c.c.) gave 1-19 g. of almost pase product. 1-Phenyl-1-o-aminophen 1-2-2’- 
quinolylethylene —— from methanol as yellow tablets, m. p. 164—165° (Found: C,°85-35; H, 
5-5; N, 8-8. C,,H,,N, requires C, 85-7; H, 5-6; N, 8-7%). 

1-0-A minophenyl-1-p-methoxy phenyl-2-2’ -pyridyl- and 1-0-Aminophenyl-1-p- methoxyphenyl-2-2’- 
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inolyl-ethylene.—The pyridyicarbinol (3 g.) and sulphuric acid (60 c.c.; 20% v/v) were heated 

hour at 95°, the solution was made alkaline with aqueous ammonia and anata with ether, and 
the solvent = a in vacuo, leaving a creamy (2-8 g.). This did not crystallise but pro- 
vided a picr beautiful crimson needles, m. p. 168—169°, from ethanol (Found: C, 58-5; 
H, 38; N, Ts. om: jONpCoHl,O1N, requires C, 58. ; H, 40; N, 13-2%). 

The 2-quinoly’ lylmethyl carbinol (1 g.), treated similarly with ‘sulphuric acid (30 c.c.; 20% v/v) 
for 1 hour at 95°, gave the almost pure product (0-67 g.) after one Shae eee een from m nol. 
1-0-Aminophenyl-l-p-methoxy henyl-2-2’-quinolylethylene formed ra” > Men yellow prisms, m. 
154-5—155-5°, from methanol (Found: C, 82-0; H, 5-9; N, 7-5. C,H ,ON, requires C, 81-8; H, 


“7; N, 79%). 
. Diazotisation of the Ethylenes.—(i) The enn ONY BS NN ps prepared as above from the 
carbinol (4 g.), in acetic acid (26 c.c.) and concentrated hydrochloric acid (16 c.c.), was diazotised with 
aqueous sodium nitrite (5%), water was added (30 c.c.), and the solution set aside for 4 days at room 
temperature. Neutralisation with solid sodium carbonate gave a granular precipitate (4:23 g.), which 
after two crystallisations from aoe vies methanol (charcoal) pat the almost pure product (2-7 g.), m. p. 
aceon 4-p-Methoxypheny: -pyridyleinnoline form yellow tablets, m. p. 157—158°, 
ueous methanol ( meee: C. 76-5; H, 5-0. Coll AON, re requires C, 76-7; H, 4-8%). 
how) ) The Saetdlamettstetgtene (0-3 g.) was diazotised in the same way, and the solution set aside 
for 14 days at room temperature and neutralised with solid sodium carbonate. The aqueous layer was 
decanted from a precipitated tar, and the latter dissolved in methanol (charcoal) and treated with 
acid in the same solvent. Several crystallisations of the crude picrate from methanol gave a fairly 
pure product (0-14 g.), m. p. 188—191°. 4-Phenyl-3-2’-pyridylcinnoline picrate, on further ane. 
ation, formed yellow leaflets, m. p. 194—196° (with some preliminary softening) (Found : 57-6 
H, 3-4. CygH,3N;,C,H,O,N;,CH,OH ——— C, 57-35; H, 3-7%). 
% The methoxyphenylquinolylethylene (0-6 g.) was diazotised as in (i), the solution set aside for 
ys at room temperature and worked — as above. From methanol (charcoal) the crude product 
aoe almost pure material (0-48 g.), r 149—151°. 4-p-Methoxyphenyl-3- yyl-3-2’-quinolyl 
separated from methanol as glistening, pale ye iow tablets, m. p. 151—152° (Found : ¢, 18-6; H, 4-7; 
N, 11-0. ——_ sm dome 79-3; 4-7; N, 12-7%). 
Under these conditions the phenyiquinolylethylene has not yielded a homogeneous product. 
2-p-Nitrobenzylpyridine.—2-Benzylpyridine (20 g.) in concentrated sulphuric acid (28 c.c.) was added 
during 4 hour to a stirred mixture of nitric acid (11 c.c.; @ 1-42) and concentrated sulphuric acid (14 c.c.) 
at —5° to 0°. The solution was kept for 4 hours at room temperature, red on to ice, and neutralised 
with solid sodium carbonate, and the precipitate collected after a rt time. The crude material 
from 5 such experiments (77 g.) was decolorised in ethanol (250 c.c.), and the solution concentrated 
to half volume, giving white needles (50 g.), m. p. 7#—80° (Tschitschibabin e? al., loc. cit., give m. p. 
81°). Further concentration gave a second crop (10 g.) (total yield, 47%). Nitrations on the 50-g. 
scale gave similar yields 
2-2’ : 4’- -Dinitrobenzylpyridine. —The mononitro-compound (40 g.) was added during } hour to a 
stirred mixture of concentrated sulphuric acid (80 c.c.) and nitric acid (22-4 c.c.; d 1-42) at —5° to 0°. 
— being stirred for a further 20 minutes at this temperature and } hour without a freezing mixture 
The sel! for 2 hours at room temperature, the solution was heated for 1 hour at 95° and poured on ice. 
hate of the base separated and was collected after a short time, suspended in water (400 c.c.), 
— ae alkaline with aqueous ammonia, and the base extracted with a | a volume of ether [the 
base is only sparingly soluble, but extraction gave a purer product than filtration; in nitrations where 
larger amounts of nitric acid were used, small quantities of an ether-insoluble solid, m. p. 144°, pre- 
sumably 2-2’ : 4’-dinitrobenzoylpyridine (Tschitschibabin et al., loc. cit., give m. p. 148°), were isolated). 
Concentration of the extract gave large yellow prisms of practically pure 2-2’: Painitro 
[40-5 g. (83%); m. p. 92—93° (Tschitschibabin et al., loc. cit., give m. p. 93°)], unmistakably socagultes 
by its striking behaviour on exposure to light. 
2-2’-Nitro-4’-aminobenzylpyridine.— Reduction of the dinitro-compound by Wilson’s method (/oc. cit.) 
on the small scale (5—10 g.) gave 75—80% of the amine, but in larger runs (30 g.) yields fell to 65—70%. 
2-0-Nitrobenzylpyridine.—The amine (30 g.) in hydrochloric acid (90 c.c.; 6N.) was diazotised with 
aqueous sodium nitrite (10%), ice-cold vk eg acid (from 210 g. ‘of sodium hypophos a 
150 c.c. of water, and 450 c.c. of 6N-hydrochloric acid) was added, and the solution was kept 
hours at 0°. The oil obtained by adding an excess of sodium hydroxide (5N.), followed by ether be al 
tion, was treated in alcohol (100 c.c.) with warm alcoholic picric acid (21 g. im 180 c.c.), giving a yellow 
crystalline product (35-3 g.), m. p. 149—151°. This was extracted with benzene (2 portions of 500 c.c., 
each for 4—5 hours) in a Sohxlet apparatus. The extract (charcoal) gave yellow needles on cooling. 
Half of the benzene was distilled from the filtrate and used further to extract the remaining crude 
picrate. In this way 28-5 g. (48%) of substantially pure picrate, m 155—156°, were obtained. 
2-0-Nitrobenzylpyridine picrate ee ew from benzene in rosettes of right yellow pone on m. 
157—158° (Found: C, 48-8; H, 3-0; N, 14-8. C,,H»O,N,,C,H,O,N, requires C, 48-8; H, 3-0; N, 15- 8%). 
) was warmed { ed for } hour on the steam-bath with sodium 





2-0-Nitrobenzoyl; ine.—The picrate (10 g 


hydroxide (2-3 g. in 200 c.c. of rant water added (100 c.c.), the mixture extracted with ether, and the 
solvent removed. The residual oil was heated at 95° with potassium te (10 g. in 800 c.c. 
of water), further amounts of the latter (10 mq and - g.) were added after ? hour and G hours, and the 


mixture was then evaporated to dryness. e residue was digested with alcohol (250 c.c. in all) and 
the extract (charcoal) concentrated, giving white needles (3-8 g., 71%), m. p. 115—117°, suitable for 
use in the next stage. 2-0-Nitrobenzoyl ine picrate formed yellow needles, m. . 147—148°, from 
alcohol (Found: C, 47-4; H, 2-6. C,,H,O,N,,C,H,O,N, requires C, 47-3; H, 2-49 

2-0-A minobenzoylpyridine. —The nitro-compound (5 g.) in concentrated Lydcecbloric acid 6 c.c.) 
was treated with a solution of stannous chloride (15 g.) in concentrated hydrochloric acid (20 c.c.) during 
5 minutes, and the mixture heated for I hour at 95° and set aside for" 5 hours at room temperature. 
Making alkaline with concentrated aqueous sodium hydroxide, extraction with ether, removal of the 
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solvent, and one crystallisation from methanol (charcoal) gave crisp yellow needles of almost pure amine 
(3-8 g.), m. p. 145—146°. 2-0-Aminobenzoylpyridine —— rom methanol in clusters of yellow 
blades, m. p. 145—146° (Found: C, 72-5; H, 5-3. C,,H,ON, requires C, 72-7; H, 51%). ith a 
small amount of hydrochloric acid the base gave an orange solution, turning yellow with excess of acid. 
The picrate of the base formed beautiful orange needles from ethanol, softening characteristically at 
156—158°, and melting to a dark red liquid at 164—165° (Found : C, 50-6; H,3-3. C,,H»ON,,C,H;O,N, 
requires C, 50-6; H, 3-1%). 

9 yea te mera foregoing amino-ketone (5 g.) in ether (400 c.c.) and 
benzene (100 c.c.) was added quickly at room temperature to a stirred Grignard reagent [from magnesium 
(2-7 g.), methyl iotlide (16-1 g.), and ether (200 c.c.)], and the pinkish grey suspension was heated under 
reflux for 1} hours. oo with ice and ammonium chloride, extraction with ether, removal 
of the solvent, and recrystallisation from ether-ligroin (b. p. 40—60°) gave the almost pure carbinol 
(3-7 g.), m. p. 95—97°. 1-0-Aminophenyl-1-2’-pyridylethanol separated from ether-ligroin (b. p. 40— 
60°) as ns ee m. p. 97-5—98° (Found : C, 72-7; H, 6-8. C,;H,,ON, requires C, 72-8; H, 6-6%). 
The picrate formed crisp, yellowish-orange needles, m. p. (153°) 156—157° (decomp.), from benzene 
(Found: C, 52-5; H, 4-2. C,,H,,ON,,C,H,O,N, requires C, 51-5; H, 3-9%). 

o-A minophenyl-2-pyridylbenzylcarbinol.—The amino-ketone (1 g.) in ether (250 c.c.) was added 
rapidly at room temperature to a stirred Grignard reagent [from benzyl chloride (2-56 g.), magnesium 
(0-5 g.), and ether (60 c.c.)], and the suspension heated under reflux for 4 hours. Worked up as above, 
the product (0-8 g., m. p. 131—132°) was obtained almost pure from the ether extract. 0-Aminophenyl- 
2-pyridylbenzylcarbinol separated from methanol in large colourless prisms, m. p. 131-5—132° (Found: 
C, 78:3; H, 63; N, 9-7. C,,H,,ON, requires C, 78-6; H, 6-25; N, 9-6%). 

4-2’-Pyridylcinnoline.—(i) The powdered l-pyridylethanol (0-15 g.) was added to concentrated 
sulphuric acid (0-6 c.c.) at 95° during } hour, with shaking, the temperature maintained for a further 
hour, and the solution diluted with ice, made alkaline with sodium hydroxide solution, and extracted 
with ether. The oil left after removal of the ether gave, with picric acid in ethanol, an almost pure 
product (0-27 g.), m. p. (138°) 141—142°. 1-0-Aminophenyl-1-2’-pyridylethylene picrate separated from ' 
ethanol in soft yellow needles, m. p. 141—142° (Found: C, 53-6; H, 3-8. C,,;H,,N,,C,H,O,N, requires 
C, 53-6; H, 3-6%). 

(ii) The oil (1-03 g.), obtained by dehydrating the carbinol (1-2 g.) as above, was diazotised in 2n- 
hydrochloric acid (12 c.c.) with 10% aqueous sodium nitrite. After 3 weeks at room temperature the 
solution was made alkaline with solid sodium carbonate, giving a tarry precipitate which became 
granular after a short time and was then collected, dissolved in warm methanol (charcoal), and treated 
with picric acid (0-9 g.) in the same solvent. Two crystallisations of the crude product from methanol 
gave fairly pure material (0-65 g.), m. p. (188°) 196—199°.. 4-2’-Pyridylcinnoline — se ted 
from methanol as beautiful, felted, mustard-yellow needles, m. p. (198°) 201—203° (Found: C, 51-3, 
51-5; H, 2-8, 3-0; N, 19-7, 19-8. C,,;H,N;,C,H,O,N, requires C, 52-3; H, 2-8; N, 193%). It strongly 
depressed the m. p. (207—208°) of the picrate of the ‘‘ C,,H,N,; base ’’ (Part V, loc. cit.). 

The picrate (0-25 g.) was warmed at 95° with sodium hydroxide (0-25 g. in 10 c.c. of water) for } hour, 
the mixture extracted with ether, and the solvent removed. The crude base (0-1 g.) was readily soluble 
in the usual solvents and was purified by crystallisation from ligroin (b. p. 40—60°) containing a small 
proportion of ethyl acetate. In this way 4-2’-pyridylcinnoline was obtained as stout, crisp, almost 
colourless prisms, m. p. 128—129° (Found: C, 73-8, 73-9; H, 4-75, 5-0; N, 20-5, 20-8. C,,;H,O, 
requires C, 75-3; H, 4-4; N, 20-3. C,,;H,N;,}H,O requires C, 72-2; H, 4:7; N, 19-4%). It strongly 
depressed the m. p. (148—149°) of the “‘ C,,H,N, base’ (Part V, Joc. cit.) (the m. p. of the latter com- 
pound depends on its degree of hydration and falls a little with ageing). 
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509. The Kinetics of the Hydrolysis of Some Tertiary Aliphatic Halides. 


By J. SHoRTER and Sir Cyrit HINSHELWOoD. 


Velocity constants and (usually) Arrhenius constants have been measured for the 
unimolecular hydrolysis, in aqueous alcohol, of three series of tertiary aliphatic chlorides 
and iodides, namely, 

I CMe,X, CMe,EtX, CMeEt,X, CEt,X; 
II CMe,RX, where R = Me, Et, Pr®, Bu®, or n-amyl; 
III CMe,RX, where R = Me, Et, Pri, or But. 

Replacement of methyl by ethyl always increases reactivity, but other substitutions have 
more complex results. The structural influence is discussed (a) in terms of a competition 
between electron release and steric effects and (b) in terms of the view that the electron-release 
effect is itself composite. 

Chlorides have lower Arrhenius non-exponential factors than have iodides, and appear to 
demand a greater contribution from solvation energy (achieved by more precise orientation 
of solvent molecules). 


THE influence of alkyl groups on rates and equilibria is perplexing, because some of the 
phenomena stand in sharp contrast with others, and quite diverse effects have been postulated 
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to explain experimental results. It was thought that a study of the influence of structure on 
the rate of hydrolysis of tertiary aliphatic halides might contribute to the clarification of the 
roblem. 
: Ingold, Hughes, and others have made extensive studies of the hydrolysis of ¢ert.-butyl 
and éert.-amyl halides (J., 1935, 255; 1937, 1183, 1187, 1280, 1283; 1938, 881. Summaries in 
Trans. Faraday Soc., 1938, 34, 185; 1941, 37, 603; J., 1946, 968). The hydrolysis of these 
compounds in aqueous solvents does not require the presence of hydroxy] ions, being kinetically 
of order zero with respect to them, and of first order with respect to the halide. The kinetics 
suggest a rate-determining ionisation : 
R,R,R,CX + solvent = R,R,R,C+ + X- 
solvated solvated 


The carbonium ion is supposed to react rapidly with any nucleophilic reagent present : 
R,R,R,Ct + Rn = Tertiary alcohol, ether, or olefin + H+ 
solvated 
(The part played by the solvent molecules in the first stage is a matter open to question but 
need not be considered here.) 

The mechanism applies to tertiary halides and to the first-order hydrolysis of secondary 
halides, and has been confirmed by numerous observations on solvent and structural effects, 
stereochemistry, analysis of reaction products, and isotope exchange. 

The present work consists of a survey of the reactivities of a considerable number of higher 
tertiary chlorides and iodides of varied structure. The compounds not available commercially 
were prepared from the alcohols which in turn were made by Grignard reactions. 


The hydrolysis in aqueous alcoholic solution was followed by conductometric determination 
of the hydrogen halide formed. 


EXPERIMENTAL. 


Materials.—The solvent used throughout was a mixture of ethyl alcohol (76% by weight) and water 
and was thus approximately of the same composition as the “‘ 80% alcohol ’’ (by volume) used in the 
work of Hughes and Ingold. It was made up from specially dried and fractionated alcohol. One 
single batch was used for the entire investigation. 

The method employed for following the reaction did not require a given halide to be absolutely pure 


provided that no other tertiary halide was present, and, since many of these compounds are difficult to 
separate completely from the alcohols, we preferred, rather than to devote considerable time to the 
fractionation of elaborately dried products, to use the specimens as prepared by direct treatment of the 
corresponding alcohol with the hydrogen halide. It was then shown that possible solvent effects of 
impurities would not affect the conclusions. The identity of the compounds is quite certain from the 
mode of preparation, and, as will ap , the velocity constants of all the halides form a coherent system. 
The preparations are exceedingly unlikely to yield any tertiary halides but those expected, and compounds 
other than tertiary have rates of hydrolysis quite negligible in comparison. 

tert.-Butyl iodide and chloride, and #ert.-amyl chloride: commercial specimens were available of 
purity over 90%, which was sufficient for the purpose. ' 

tert.-Amyl iodide: a commercial specimen was fractionated as carefully as possible but the final 
specimen contained only 65% of the tertiary compound. The remainder, which may have been 
neopentyl iodide, was hydrolysed so slowly that it no influence on the measurements with the #ert.- 
amyl iodide itself. 


Higher tertiary alcohols and halides: the alcohols were prepared by one or other of the following 
Grignard reactions : 


(a) R-CO,Et + 2EtMgBr —>» REt,C-O-MgBr + MgBr-OEt 
REt,C-O-MgBr + H,O ——> REt,C-OH + MgBr-OH 

(bd) Me,CO + RMgBr — > RMe,C-O-MgBr 
RMe,C-O-MgBr + H,O ——> RMe,C-OH + MgBr-OH 


The tertiary alcohols were distilled, the middle fractions being collected and converted into halides by 
saturation with the gaseous hydrogen halide. After removal of excess of the hydrogen halide and of 
any iodine and water, the tertiary halides were generally used for the kinetic studies without further 
attempts to separate them from unchanged alcohols. The specimens usually contained from 50 to 80% 
of tertiary halide. In two cases (dimethyl-n-butyl- and dimethylisopropyl-carbiny] iodides) the crude 
halide was distilled under reduced pressure so as to raise the purity to about 80%. 

Hydrolysis Measurements.—All the tertiary halides were assumed to hydrolyse by the above- 
uculienal mechanism, and the reaction was assumed to be irreversible under the conditions of the 
experiment, as shown by Hughes for #ert.-butyl and fert.-amyl halides in ‘‘ 80% alcohol.’’ On this 
basis conductometric measurement of the rate of formation of hydrogen halide indicates the course of 
the simple unitary ionisation process. 

In dilute solution the hydrogen halides are completely ionised and their ions are effectively the only 
conducting species present. The conductivity was assumed to be proportional to the concentration of 
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the hydrogen halide and to indicate at any instant the amount of hydrolysis that had occurred. In the 
concentration range employed the equivalent conductivities were thus regarded as constant, an 
assumption justified by the results. Good first-order curves were obtained, and the constants for 
tert.-butyl and tert.-amy] halides were in essential agreement with those of Hughes for a solvent of nearly 
the same composition. Variations in equivalent conductivities would be revealed by deviations from 
first-order law. The conductometric method was applicable to reactions with times of half change 
from 40 seconds to many hours, and its ease and speed allowed numerous readings to be taken in a 
given experiment. In all but the slowest reactions the hydrolysis could be followed nearly to the end, 
and often a direct reading of the end-point was possible. The concentration range was below m/20. 
This was necessary to ensure the validity of the assumption of constant mobilities, and also to diminish 
solvent effects, which appear when large amounts of halide are added to the solvent (Hughes, /., 
1935, 255). 

The conductivities were measured‘on a direct-reading oscillator bridge (Cambridge Instrument Co.). 
The same tube constituted reaction vessel and conductivity cell. It had platinum-black electrodes 
which did not need to be re-platinised during the course of the work. Since the bridge readings could 
be used directly in the calculation of velocity constants, the first-order constant being independent of 
concentration units, the cell constant had not to be determined. Electrically controlled oil-, water- 
or glycerol-thermostats were used (with cooling coils when necessary), adjustable to 0-05° and checked 
against standard thermometers. 

General Experimental Procedure.—About 40 ml. of aqueous alcohol were placed in a closed tube in 
the thermostat, alongside a second tube containing 0-2—0-3 ml. of tertiary halide (or a corresponding 
amount of solid halide, finely ground) and a third tube containing the electrode unit with leads connected 
to the bridge. When the tubes had reached a steady tem: ture the halide was rapidly poured into 
the solvent which was vigorously stirred while a stop watch was started. The electrode unit was then 
inserted into the reaction tube, and the change of conductivity with time was measured. According to 
the speed of the reaction one of two methods of taking the readings was employed. If the rate was low, 
the bridge could be balanced and read in the normal way ; if high, the bridge was set ahead of the balance 

int and, when extinction of sound in the earphones occurred, the stop-watch reading was taken. 
ibservations were made for as long as required by the method to be used for evaluating the results 
(see below). 

Evaluation of Velocity Constants and Arrhenius Constanits.—With some of the halides the end-point 
could be measured directly or obtained by a short extrapolation, and one of the usual methods was 
used for evaluating velocity constants. When, however, the reaction was too slow to be followed 
conveniently over more than about 75% of its course, the velocity constants were computed by a special 
method. This applied mainly to the chlorides. Even though some of them admitted direct observation 
of the end-point, experiments with chlorides did not give good results when the usual method was used. 
During the last 10% of the reaction there was a deviation from the first order and the observed end- 


int ———— too high as judged from the earlier part of the curve. The cause of the effect is not 


own but it may have been due to some electrode phenomenon. Accordingly all the velocity constants. 
for chlorides were computed by a method which did not involve more than about 80% of the reaction 
or require a knowledge of the end-point. 
en the end-point could be observed directly, the graph of conductivity against time was plotted 
and a new zero selected to eliminate errors due to uncertainty about the initial time. Conductivity 
was then taken as proportional to amount of reaction, and final conductivity to initial concentration 
of halide. A graph of percentage reaction against time was then plotted from the new origin and values. 
of k were calculated from the readings for 0 and 50%, 10 and 60%, and so on up to 40 and 90%, whereby 
p> weight was given to all parts of the curve. The method is illustrated in Table I for the hydrolysis 
of dimethyl-n-propylcarbiny] iodide at 25-0°. Even with the faster reactions the average error of the 
five values of the constant usually did not exceed 2% and generally was about 1%. Moreover, the 
constants seldom showed any systematic trend. The absolute error of the mean value was probably 
between 1 and 2%. Three separate determinations for éert.-butyl iodide at 35-0° gave for k the values 
3-10, 3-11, and 3-15 x 10° sec.*?. 

With iodides whose reactions went to completion too slowly for convenience the end-point was. 
obtained by extrapolation. The method was to estimate approximately the time of half change from 
the reaction curve up to about 97% and then to calculate an increment to apply to the last reading 
taken. The method is illustrated in Table II for the hydrolysis of methyldiethylcarbiny] iodide at 5-0°. 

When the end-point was unknown, as with all the chlorides and with dimethyl-tert.-butylcarbiny] 
iodide at 5-0°, the following method was used. If inthe formula k = = _ log * = the values of +, 

PESu | a 
and #, are taken so that #, —?#, is constant, (a — #,)/(@a — %,) is also constant = c. Therefore, 
%, = cx, + a(1 —c). From the linear plot of +, against x, c can be found and, from it and the value of 
t, — ¢,, k can be calculated. The method gave good results with ¢, — ¢, approximately equal to ty). 
The reproducibility of the results is illustrated in Table III. 

A more detailed example is shown in Table IV. 

The constants of the Arrhenius equation were calculated in the usual way from graphs of 
log & against 1/T. The activation energies so obtained are probably correct to within about 
300 cals./mole. Values of velocity constants are given in Tables V and VI, and of Arrhenius constants. 
in Table VII. 

Effect of Impurities.—Hughes found the velocity of hydrolysis of certain tertiary halides to be rather 
sensitive to changes in the composition of the solvent, which alter the non-exponential factor of the 
Arrhenius equation (J., 1935, 255). The tert.-amyl iodide used in the present work may have contained 
some neopenty] iodide, but the two substances are so similar that the impurity should cause no appreciable 
solvent effect. The most important impurity was in general the corresponding alcohol. If this exerted 
any serious solvent effect the velocity constants should change systematically as reaction proceeds : 
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no such effect has been found. Experiments made with fert.-butyl iodide showed that much larger 
amounts of ether than could possibly have been left from the Grignard preparation exerted no detectable 
solvent effect (compare Tables VI and V). 


TaBLeE I. 
Hydrolysis of dimethyl-n-propylcarbinyl iodide at 25-0°. 


Directly measured end-point, 0-00688; new origin at ¢ = 120 secs.; new end-point 
0-00688 — 0-00136 = 0-00552. 


Conductivity Time from % change from 
Time (sec.). (mhos). new zero. new zero. 
0-0007 
0-0009 
0-0012 
0-0015 
0-0018 
0-0021 
0-0023 
0-0025 


0-00656 
0-00670 





1-735 x 10° 
1-735 
1-740 
1-735 
1-740 


Mean value of & = 1-735 x 10° sec. at 25-0°. 


TABLE II, 
Hydrolysis of methyldiethylcarbinyl iodide at 5-0°. 


Last reading taken, 000310 at 230 mins. Approx. time of half change, 43 mins. (= 230 = 


tyjs)- 
5-35t,), approx. Therefore change at 230 mins. = 97-4%. Thus end-point is at 0-00310 x 100/974 = 
000318. New origin at # = 10 mins. New end-point = 9-002705. 
0—50 10—60 20—70 30—80 40—90 
1-522 1-522 1-530 1-526 1-533 


Mean value of k = 1-527 x 10° min = 2-55 x 10“ sec.1. 


Tasie III. 
Reproducibility of results; k in sec... 
II. 
CMe,Cl, 35° , 4-12 
CMe,Cl, 70° . 1-525 


CMe, EtCl, 45° . 1-945 
CMe,Bu*Cl, 35° . 5-45 


TaBLeE IV. 
Hydrolysis of dimethyl-n-propylcarbinyl chloride at 35°0°. 
t, — #,; = 200 mins. 
Time {mins.) ........0cs00e 30 40... 25 other... 405 
Cond. (mhos) x 10°... 810 1015... readings . . . 4980 
t,. , . ° te. 10%%;. 
220 320 2370 
240 340 2650 
260 360 2910 


280 380 3145 
300 


c = 1-99, whence & = 5-74 x 10° sec. at 35-0°. 





2416 Shorter and Hinshelwood: The Kinetics of the 


TABLE V. 
Velocity constants. 


105k (sec.). Compound. 
n-C,H,,°CMe,I 


CMe,EtI 


CMe, EtCl 


CMeEt,Cl 


CMe,Pr'l 


CMe,Pr®cl 
CMe,PriCl 


CMe,Bu"Cl 
CMe,Bu*I 


CMe,Bu'Cl 
n-C,H,,°CMe,Cl 
CMe,ButI 


TABLE VI. 
Solvent effect (at 35°) of impurities. 


Vol. (in 40 ml.) 
Impurity. of impurity. Vol. of CMe,I, 10k. 
Diethyl ether , , 0-2 ml. 310, 312 
Light petroleum 0-1 ml. 294, 295 


TaBLeE VII. 
Constants of Arrhenius equation, k = Ae~=/RT, 
Compound. E, cals./mole. A x 10°%, Compound. E, cals. /mole. A x 10°", 


21,250 


In order to find an extreme upper limit to any effect of other impurities ¢ert.-butyl iodide containing 
about 70% of light petroleum was tested and found to give a velocity constant at 35-0° only about 5% 
lower than the normal. No more unfavourable impurity than this completely non-polar substance 
could possibly have been present in anything like this amount, so that this experiment provides a severe 
test. Even if all the impurity in each halide were assumed to be of the nature of light petroleum and 


due allowance made for the solvent effect, the conclusions to be drawn in the Discussion would not be 
changed. 
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Comparison with the Results of Hughes for tert.-Butyl and tert.-Amyl Halides.—The solvent 
used in this work is slightly different from that used by Hughes, so that only approximate 
agreement can be expected. For tert-butyl iodide Hughes (j., 1937, 1183) found 
k = 9°13 x 10* sec.-! at 25°15° compared with the present value of 9°26 x 10 at 250°. 
When allowance is made for the slight difference of temperature, the latter result is about 
6% higher. Hughes found E = 22,400 between 0° and 25°; we find 22,200 between 15° and 
45°. With tert.-amyl iodide Hughes (jJ., 1937, 1283) obtained k = 1°74 x 10° sec. at 25°2°, 
whereas we find 1°885 x 10-* at 25°0°. Corrected for temperature difference, the latter result 
is about 12% higher. In view of the sensitiveness of the reactions to solvent influences 
the agreements are satisfactory. For tert.-butyl chloride Hughes (jJ., 1935, 255) gives 
k = 3°25 x 10° at 35° and 10°4 x 10° sec.! at 45°. The present values are 4°07 x 10° 
and 12°5 x 10°, respectively, that is about 20% higher. Between 8° and 45° Hughes found 
23,060 for the activation energy, whereas between 35° and 70° we find 21,700. For #ert.-amyl 
chloride Hughes (J., 1937, 1283) found k = 2°85 x 10~ sec.-! at 50°, compared with the 
present value (interpolated) of 3:16 x 10“ which is about 10% higher. From Hughes’s 
values of k at 25°2° and 50°, the activation energy is 22,700 compared with our value of 
21,200. 

Fic. 1. 
E against log k for tertiary iodides. 
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1, CMe,I. 2, CMe,EtI. 3, CMeEt,I. 4, CMe,PreI. 5, CMe,PriI. 6, CEt,I. 7, CMe,Buel. 
8, CMe,Butl. 9, n-C;H,,°CMe,I. 


On the whole, therefore, the results for the chlorides agree less closely than those for the 
iodides with those obtained by Hughes. This probably is due to the more important part 
which the solvent appears to play in the hydrolysis of the chlorides. The difference in 
activation energy may depend to some extent upon a variation of E with temperature for 
tert.-butyl and ¢ert.-amyl chlorides, both the present series of measurements having covered a 
higher temperature range than that used by Hughes. A change of E with T in this sense is 
not unreasonable in itself. Everett and Wynne-Jones (Trans. Faraday Soc., 1939, 35, 1380) 
have shown that in the dissociation of organic acids there is a difference in the specific heats of 
the undissociated acid and the ions which causes a marked variation in AH with T. C, for 
undissociated acid and solvent is greater than for the solvated ions where solvent molecules 
are oriented with loss of various degrees of freedom. The orientation of solvent molecules in 
the transition state for the halide ionisation should produce a diminution of specific heat and 
consequent variation of E with T according to the equation dE/dT = C,(transition 
state) — C,(initial state) which will predict a negative value. Such an effect should be more 
important for the chlorides, where solvation seems to play a greater part than with the iodides 
(see later). 


DISCUSSION. 


Relation between E and log k for the Tertiary Iodides.—In Fig. 1 are plotted values of E and 
of log,» 105%,, for these compounds. In general, increased reactivity is associated with a 
diminution in activation energy, although the position of dimethyl-tert.-butylcarbinyl iodide 
is anomalous in this respect. If the non-exponential factor, A, were constant throughout, the 
points would lie around a line of slope —2°303RT, whereas actually a trend of greater slope is 
indicated. A varies so as to compensate partly the changes in E. Such compensation effects 
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are not at all uncommon (references: Hinshelwood, ‘‘ Kinetics of Chemical Change,” Oxford, 
1940, p. 257). 

Differences between Iodides and Chiorides.—In general the tertiary iodides are about 100 
times as reactive as the corresponding chlorides, the difference residing mainly in A. The 
obvious interpretation of the lower values for the chlorides is that these require a more highly 
ordered and so less probable arrangement of the solvent molecules in the transition state. In 


this sense solvation might be said to play a more important part in the ionisation of the chlorides 
than in that of the iodides. 


Fic. 2. 
Effect of structure on reactivity for tertiary chlorides. 
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Fic. 3. 
Effect of structure on reactivity for tertiary iodides. 
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There is independent evidence that this is so from the values of E themselves. For the 
chlorides they are little different from those of the iodides. The activation energies for the 
formation of unsolvated ions would be considerably greater for the chlorides and, since they 
are not so for the reactions in solution, it seems that the chlorides make the greater use of 
solvation energy. For this purpose more exact orientation is demanded, with the result that, 
although the values of E are not very different from those of the iodides, the non-exponential 
factor is adversely affected. 


Variation of Reactivity with Structure.—Log ks, will be taken as a measure of the reactivity. 
The halides are conveniently classified into three series : 


I. CMe,X, CMe,EtX, peng oa and CEt,X. 
II. CMe,RX, where R = Me, Et, Pr, Bu, or x-amyl. 
III. CMe,RX, where R = Me, Et, Pr’, or But. 


The variations in these series for chlorides and iodides respectively are shown in Figs. 2 and 3, 
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and a comparison of chlorides and iodides is shown in Fig. 4. The essential results are as 
follows. In series I a continuous increase occurs through the series. This increase is not 
linear, but is subject to a saturation effect which is more marked with the chlorides than with 
the iodides. The logarithm of the velocity ratio (r) increases linearly. For the iodides, E 
changes progressively in the direction corresponding to the change in reactivity. The values 
for the chlorides cover a smaller range and show anomalies probably attributable to experimental 
error, and possibly also to dependence of E on T. 

In series II a maximum reactivity occurs with R = Et, the longer-chein compounds 
becoming progressively less reactive. With both chlorides and iodides a slight arrest in the 
fall occurs at R = Bu". The velocity ratio increases to a limit in the higher members. EE for 
the iodides varies in the direction required by the reactivity changes, although the variation 
is scarcely significant in the latter part of the series. 


Fic. 4. 

Comparison of corresponding tertiary chlorides and iodides. 
o 
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In series III, both with iodides and with chlorides, a fall in reactivity occurs when R is 
changed from Et to Pr!, and an increase when the latter is replaced by Bu*. With the chlorides 
the Pri compound is actually less reactive than the Me compound, and the Bu‘ than the Et 
compound. The velocity ratio increases through the series, the step from R = Et to R = Pr‘ 
being the most marked. The increased reactivity of the iodide with R = Bu’ relative to the 
Pri compound seems to be due to an increased non-exponential factor rather than to a 
decreased E. The significance of this is hard to assess. M. G. Evans and Polanyi (Trans. 
Faraday Soc., 1936, 82, 1333) have indeed argued that trends in E at the ordinary temperature 
may be misleading and may not reflect directly trends in E at the absolute zero, which are the 
ultimate true measure of reactivity. They consider that, in general, values of log f at a fixed 
temperature are more significant. If this is so in the present example, the anomalous activation 
energy may have no special importance and may be disregarded. It must, however, be 
noted. 

Theories of the Influence of Structure wpon Reactivity of Tertiary Halides——The most 
important effect of alkyl groups depends on their release of electrons, for which the following 
order of efficacy is often assumed : 

2 s 
<M toca 


The number of reactions which are explicable in a straight-forward manner on this basis is, 
however, small (for an example, see Kharasch and Flenner, J. Amer. Chem. Soc., 1932, 54, 
674) and special hypotheses are often introduced. In certain examples, indeed, electronic 
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effects have been supposed not to be the chief factors at work (A. G. Evans, ‘‘ The Reactions 
of Organic Halides in Solution,”” Manchester, 1946, p. 28). 

In the hydrolysis of the tertiary halides, electronic effects should be of primary importance, 
ionisation being favoured by the more electron-releasing alkyl groups which should facilitate 
the removal of the halogen ion and stabilise the carbonium ion by dispersing the positive 
charge. The variation of reactivity in the three series is obviously not directly explicable on 
the basis of the above order which would require a continuous increase through series II and 
III. If the order in question is to be accepted, an additional factor must be introduced. 

There are two main possibilities: (a) the normal electronic is in competition with a steric 
effect, and (6) the electronic effect is itself complex and does not in fact increase uniformly 
with increasing chain length or with the branching of the alkyl group. 

The possibility (a) will be considered first. In series I the replacement of methyl by ethyl 
invariably increases reactivity, and the only reasonable explanation of this is that ethyl has a 
greater electron release than has methyl. Whatever the precise mechanism of the electronic 
effect may be, it will certainly involve various dipoles, and the saturation effect can be explained 
by mutual induction effects, each dipole reducing to some extent the influence of the others, 
This saturation effect is more marked in the chlorides than in the iodides, the ratio r rising 
through the series. The electronic effects should be similar in both but, since an increase in 
the size of the alkyl groups probably screens the nascent ions from the solvent and reduces the 
part played by solvation, a new effect will operate. Everett and Wynne-Jones (loc. cit.) have 
brought forward evidence that the larger alkyl groups in the fatty acids screen the ions from 
the solvent, and A. G. Evans (op. cit., p. 13) has calculated heats of solvation for the ions Met, 
Et*, Pri+, Bu** which are in accordance with this view. Diminution in solvation energy, 
leading to reduced reactivity, will be a more serious matter for the chlorides where, by the 
argument advanced above, solvation plays a more important part. 

The combination of the electron-release effect and a steric effect, each increasing with chain 
length, could be responsible for the maximum in reactivity at R = Et im series II. The 
ratio r, however, rises to a limit with the higher members of the series, a fact which might mean 
either that the assumed steric effect is unimportant in the iodides and reaches a limit with the 
chlorides, or else that the steric effect comes, for the higher compounds, to operate equally on 
the chlorides and the iodides. The first interpretation is inconsistent with the explanation 
of the reactivity maximum. The second would mean that with increasing distance from the 
central carbon atom the solvation shell became more and more nearly of the same pattern in 
both chlorides and iodides. 

In series III both a maximum at R = Et and a minimum at R = Pri occur, and the usual 
order postulated for electron release certainly will not account for this. Anomalies are not 
unusual but generally consist in a complete reversal of the expected order or in the occurrence 
of either a maximum or a minimum. It is, however, interesting to note that a similar anomaly 
occurs in the strengths of the branched-chain fatty acids. 

The combination of the steric effect with the electrdén-release effect provides a possible 
explanation. The rise in y as R changes from Et to Pr! indicates a marked increase in the 
steric effect which may outweight the greater electron release of the isopropyl group. A further 
increase, though less pronounced, occurs in the steric effect when R becomes Bu‘, and this may 
be insufficient to counteract the electron release of the new methyl, so that on balance there is 
an increase in reactivity. 

This brings us to the interesting possibility (b), namely that the reactivity maximum in 
series II and III, and the minimum in series III, may really correspond to a maximum and a 
minimum in the electron release itself (though steric effects must of course be retained to explain 
differences in behaviour between iodides and chlorides). 

Although the electron release is commonly assumed to increase with chain length, a different 
assumption has occasionally been made. Certain gas-phase reactions of the paraffins have 
been interpreted in the light of the idea that there is a specific electron-releasing influence of 
the methyl group but that this is damped rather than enhanced by intervening methylene 
groups (Hinshelwood, J., 1948, 531). Such an idea has some theoretical support (Coulson, 
Quart. Reviews, 1947, 1, 172; also, private communications). The symmetry properties of the 
orbitals of the methyl group favour delocalisation of the C-H bonds and transmission of 
negative charge to the fourth bond. The electron-releasing effect is probably a manifestation 
of this and might be transmitted along a chain to some extent, but, in general, methylene 
groups would damp the influence. As far as this goes, electron release should diminish with 
increasing chain length and, as stated, certain reactions of the paraffins can be explained on 
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this basis. Reactions in solution, however, usually require for their explanation that the 
methylene groups should make some positive contribution of their own to the total electron 
release, and this, in principle, they may do in virtue of the C-H dipoles they contain. 

It may be expedient to assume two effects. On the one hand, there is the special effect of 
methyl groups which has been ascribed above to their symmetry and assumed to be damped 
by methylene groups intervening between them and the centre of reaction. On the other 
hand, methylene groups may be assumed to make a contribution of their own, which will 
gradually increase to a limiting value as their number increases. 

Suppose that there is one methyl group with m methylene groups intervening. The 
damped influence of the methyl will be of the general form Be, where B and b could be more 
or less constant. The total influence of the methylenes could be roughly expressed in the 
form Cn* where x is a power, not necessarily constant, but certainly less than unity. The 
total effect is expressed by Be" + Cn*. Such an expression could have a maximum at different 
values of according to the constants. In the gaseous oxidation reactions of the paraffins the 
maximum could occur with m = 0, in the tertiary halide hydrolysis atm = landsoon. Quite 
complicated variations could occur, such as may possibly be responsible for the complex 
dependence of the strengths of the fatty acids on structure. The contribution of the methylene 
groups may well depend on whether stabilisation of a free radical or of an ion is required. It 
might be suggested that special polarisability effects are called into play in reactions involving 
the heteropolar formation or breaking of bonds (there is, however, no clear theoretical 
justification for this). 

With regard to the effect of branched-chain structures the contribution of the CH group 
must be assumed to be almost negligible, and the additional methyl group in isopropyl supposed 
unable to compensate the loss of the methylene group. Hence the fall in reactivity. In 
tert.-butyl, however, the second and third methyl groups together, possibly because they form 
with the first a highly symmetrical system, more than make up for the loss of the methylene 
group (though with the chlorides the result is somewhat obscured by the steric effect). 


PuysIcaL CHEMISTRY LABORATORY, 
SoutH Parks Roap, OXFORD. [Received, March 4th, 1949.] 





510. Cyclic Conjugated Polyenes. Part III. Attempts to Prepare 
Heptalene by Dehydrogenation and Dehydrobromination Reactions. 


By D. H. S. Horn and W. S. Rapson. 


Catalytic dehydrogenation of ethyl bicyclo[5 : 5 : 0)dodeca-2 : 4 : 7(1)-triene-x-carboxylate 
(III) in the liquid phase yielded dimethylnaphthalenes, whilst in the vapour phase both it 
and the methyl bicyclo[5 : 5 : 0)dodeca-2 : 4: 7(1) : 11-tetvaene-x-carboxylate (cf. X) yielded in 
addition traces of deep-blue dehydrogenation products. These have not been identified, but 
they so resemble azulenes in spectral characteristics that the possibility of their being heptalenes 
issmall. Dehydrogenation of ethyl bicyclo[5 : 4: O]undeca-2 : 4 : 7(1)trienecarboxylate (V) leads 
tosimilar ready contraction of the 7-ring to yield a mixture of methylnaphthalenes. Bromination 
of the above-mentioned methyl ester with N-bromosuccinimide, followed by dehydrobromination, 
did not yield a product with the characteristics expected of a heptalene derivative. 

The difficulties experienced in these attempts to synthesise heptalenes suggest that this 
structure (I) is not easily capable of pathelte and is therefore unlikely to be very 
stable or aromatic in type. 


In view of the production of azulenes by dehydrogenation of substances containing the bicyclo- 
[5: 3: Ojdecane ring system, a synthesis of heptalene (I) has been sought in the similar dehydro- 
genation of bicyclo[5 : 5 : 0)dodecane derivatives prepared by the interaction of ethyl diazoacetate 
and 1: 2-benzcycloheptenes. The product from ethyl diazoacetate and 1 : 2-benzcycloheptene 
(II) itself absorbed 3 moles of hydrogen in the presence of a colloidal platinum catalyst and is 
therefore formulated as the expected ethyl bicyclo[5 : 5 : 0]dodeca-2 : 4 : 7(1)-trienecarboxylate 
(III), this rather than a norcaradiene structure such as (IV) being supported by the resemblance 
of its absorption spectrum (Fig. 1) to that of ethyl cycloheptatrienecarboxylate. (III) did not 
give the distinctive colour reaction with sulphuric acid characteristic of many structures of type 
(IV). The product of interaction of tetrahydronaphthalene with ethyl diazoacetate possessed 
similar properties and thus probably had a similar structure, e.g., (V; R = Et). 

No identifiable product resulted from dehydrogenation of (III) in the liquid phase, but in the 
vapour phase with palladium-charcoal the main product isolated was a colourless hydrocarbon 
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which gave a crystalline picrate with the composition of a dimethylnaphthalene picrate and 
had an absorption spectrum almost identical with that of 2 : 7-dimethylnaphthalene (cf. Laszlo, 
J. pr. Chem., 1925, 117, 401). A similar easy isomerisation of the cycloheptene to a benzenoid 
ring system was observed on dehydrogenation, under similar conditions, of bicyclo-[5 : 4 : 0j- 
undecatrienecarboxylic acid derived from (V). This acid yielded a 2:1 mixture of 1- 
and 2-methylnaphthalene. 











” | 
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A. Condensation product a 4 1 : 2-benzcycloheptene with ethyl diazoacetate. 


B. Condensation product of tetrahydronaphthalene with ethyl diazoacetate. 
C. Ethyl cycloheptatrienecarboxylate. 


These facts made it clear that the formation of heptalene was to be sought under milder 
conditions of reaction, and attention was therefore directed to vapour-phase dehydrogenation 
under conditions such that the initial products were more quickly removed from the sphere of 
reaction (cf. Nunn and Rapson, this vol., p. 829). The product then obtained from ethyl 


Ol CL oes Cr 2 eae os OO” 


(Id). (III. s (IV.) (V.) 


bicyclo[5 : 5 : O}dodecatrienecarboxylate was a deep-blue oil, which was separated by distillation 
into a deep-blue hydrocarbon fraction, b. p. 100—120°/15 mm., and deep-bluish-violet ester 
fraction, b. p. 140—170°/15mm. The hydrocarbon was treated in light petroleum solution with 
85% phosphoric acid, and an azulene-like material liberated from the acid layer by the addition 
of water as an intense-ultramarine-coloured oil. The absorption spectrum of this oil in the 
visible region was very similar (Fig. 2) to that of 2-ethylazulene (Wagner-Jauregg e¢ al., Ber., 
1941, 74, 1522) which shows distinctive absorption maxima at 686°5, 623, 579°5, and 570°5 mu. 
and weak maxima at 660, 645°5, 634, 601, 589°5, and 586 my. The hydrocarbons which were 
not soluble in 85% phosphoric acid yielded a small quantity of a picrate from which a product 
similar to the dimethylnaphthalene mixture described above was isolated. 

The ester fraction similarly yielded a trace of azulene-like material and a colourless fraction 
which appeared to be largely unchanged material. As in the case of the hydrocarbon fraction, 
it was not possible to obtain a crystalline derivative of the azulene-like portion, but its absorption 
spectrum in the visible region (Fig. 2) was generally very similar to that recorded by Wagner- 
Jauregg et al. (loc. cit.) for ethyl 2-ethylazulene-6-carboxylate and also to that of ethyl 
azulenecarboxylate. 
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Although the evidence is thus negative, it seems clear that the heptalene structure is not 
characterised by a stability sufficient to enable it to be produced in workable yield, if at all, by 
dehydrogenation at elevated temperatures of bicyclo[5: 5: Ojdodecane derivatives. Under 
more severe conditions this system rearranges to yield dimethyinaphthalenes and intermediate 
products, whilst under milder conditions traces of deep-blue reaction products are formed, which 
are more likely to be azulenes, formed by rearrangement reactions, than heptalene derivatives. 


Fic. 2. 














650 


Ethyl azrulenecarboxylate. 
B: Blue hydrocarbon from the dehydrogenation of (V). 
Cc. Blue ier from the dehydrogenation of (V). 


Although this failure to prepare heptalene derivatives by dehydrogenation does not prove 
that this system is not capable of existence, it does suggest that it is not as stable as might be 
expected on theoretical grounds and that reactions milder than catalytic dehydrogenation should 
be employed in its synthesis. An attempt has therefore been made to synthesise heptalenes in 
the following manner : 


+e) H Ac 
Cd = C35 = 00 
— —_ 
\ \ \ 


(VI.) (VIL) (VIIL.) 


OAc MeO,C 
t0,0¢/— > —_> HOG Br} \= MeOH” Yo 
4 s K Bs) <> i, a a 
(iX. (X. (XL) (XII.) 


2 : 3-Benzcyclohept-2-en-1-yl acetate (VIII) was prepared from 2 : 3-benzcyclohept-2-en-l-one 
(V1) by reducing it to 2 : 3-benzcyclohept-2-en-1-ol (VII) with sodium and alcohol and treating 
this with acetic anhydride. (VIII) was treated with ethyl diazoacetate in the usual way and 
yielded a high-boiling product which was probably a mixture of isomeric ethyl acetoxybicyclo- 
[5 : 5: Ojdodecatrienecarboxylates (IX), since on hydrolysis and dehydration of the resulting 
hydroxy-acid mixture (A) an acid with the properties expected of a bicyclo[5: 5: O}dode- 
catetraenecarboxylic acid (X) wasobtained. In order to show that this acid had a bicyclo[5 : 5 : 0)- 
dodecane and not a benzenoid structure, its methyl ester was hydrogenated in the presence of a 
mild palladium—calcium carbonate catalyst, whereupon it quickly absorbed hydrogen equivalent 
to two double bonds ; this precludes the presence of a benzenoid nucleus in the molecule. Under 
similar conditions ethyl bicyclo[5 : 5: O}dodecatrienecarboxylate (III) absorbed hydrogen 
equivalent to one double bond to yield products showing almost identical light-absorption 
characteristics. bicyclo[5 : 4 : 0]Undecatrienecarboxylic acid also absorbed but one mole of 
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hydrogen in the presence of palladium-calcium carbonate. It is suggested that in each of these 
cases two double bonds escape attack, the one through its position at the site of ring fusion and 
the other because of conjugation with the carboxyl group (cf. Farmer and Galley, J., 1933, 687), 
as exemplified in structure (XIII). 

A secondary product in the dehydration of the hydroxy-acid mixture (A) was a hydrocarbon 
which closely resembling 1 : 2-benzcyclohepta-1 : 3-diene (XIV) (see Table) which was prepared 
for comparison by dehydration of (VII). On the basis of this resemblance and of analysis, 
it is formulated as a mixture of methyl-1 : 2-benzcyclohepta-1 : 3-dienes (XV), probably formed 
by rearrangement of the cycloheptatriene ring during the dehydration. 


N= 
i CO, Et | 5 &. 
E & \ 


(XIIL.) (XIV.) 


The methyl ester of (X) behaved exactly like (V) on dehydrogenation. It was therefore 
treated with 2 mols. of N-bromosuccinimide, bromine equivalent to 1°8 bromine atoms being 
absorbed. Attempts to purify the products for analysis by distillation failed because of decom- 
position. Alcoholic silver nitrate solution removed almost all the bromine, indicating that it 
was held as “‘ allyl’ bromine and not as “ vinyl ”’ bromine. 


TABLE. 


B. p. nje-s. Cues, muy. 
108—110°/18 mm. 1-5873 15,600 254 
ca. 100°/17 mm. 1-5869 13,400 251—257 


The dehydrobromination of the bromide was carried out under varying conditions with 
different dehydrobrominating agents, but all the products absorbed ultra-violet light much less 
strongly than did the starting material; thus rearrangement to more weakly absorbing benzenoid 
structures had probably taken place. As the tetraene ester is fairly stable, it must be concluded 
that the introduction of two more double bonds into the molecule produces considerable strain 


which favours rearrangement to a more stable structure. 

It is concluded from these observations that the heptalene structure is not one easily 
susceptible of synthesis and this fact argues strongly against the possibility of its being very 
stable or aromatic in type. 

EXPERIMENTAL. 
M. p. are uncorrected. 


bicyclo[5 : 5: 0)Dodeca-2 : 4 : 7(1)-triene-x-carboxylic Acid.—1 : 2-Benzcycloheptene (56 g.; Plattner, 
Helv. Chim. Acta, 1944, 27, 174) was treated dropwise with ethyl diazoacetate (6 g. of 85%) at 130—135° 
during 2 hours, and the temperature then raised slowly during a further 2 hours to 165°. After bei 
cooled to 130°, the mixture was treated with a further 6 g. of ethyl diazoacetate and the heating repea 
as above. Distillation of the reaction mixture gave recovered 1 : 2-benzcycloheptene (52 g.), b. p. 
100—105°/15 mm., and a fraction (9 g.), b. p. 120—200°/15 mm. The recovered hydrocarbon was 
retreated as described above and, after treatment of the material ten times in this manner, the 
combined products were redistilled to yield recovered 1 : 2-benzcycloheptene (15 g.) and a crude estet 
fraction (16 g.), b. p. 160—190°/13 mm., as a pale-yellow mobile liquid which failed to give the character- 
istic. norcaradiene colour reaction with concentrated sulphuric acid. Since it could not be purified by 
fractional distillation, it was hydrolysed to facilitate removal of nitrogenous impurities. 

The crude ester (8-0 g.) was heated under reflux for 8 hours with a solution of potassium hydroxide 
(4 g.) in water (4 c.c.) and alcohol (20 c.c.). The alcohol was then distilled off under reduced pressure, 
water added, and the solution extracted withether. After acidification of the aqueous layer, the liberated 
acid was taken up in ether, and the ethereal layer well washed with water to free it from water-soluble 
acids, and dried (Na,SO,). After removal of the ether the acid (3-3 g.) distilled as a highly viscous oil, 
b. p. 145—155°/0-4 mm. (Found : C, 76-4; H, 7-4. C,3H,,O, requires C, 76-5; H, 7-8%). 

Hydrogenation of bicyclo[5 : 5 : 0)Dodecatrienecarboxylic Acid.—(a) In the presence of palladium- 
calcium carbonate at atmospheric pressure, absorption of hydrogen was equivalent to only 0-9 mol. 

(b) In the presence of colloidal palladium at atmospheric pressure, hydrogen equivalent to 1-9 
double bonds was absorbed, and the product of reaction was a highly viscous, almost colourless oil, 
which slowly reduced potassium anganate in acetone or aqueous acid solution. This was indicative 
of the presence of a third double bond, and the use of a more active catalyst was explored. 

(c) In the presence of a colloidal platinum catalyst at atmospheric pressure, hydrogen equivalent to 
3-07 double bonds was absorbed ; the product, bicyclo[5 : 5: ielletamunabenytic acid, was a pale yellow 
oil which did not reduce potassium permanganate solution. 

Ethyl bicyclo[5 : 5 : 0)Dodeca-2 : 4 : 7(1)-trienecarboxylate.—Esterification of the acid (2 g.) with 
alcohol (6 c.c.) and concentrated sulphuric acid (0-6 c.c.) yielded this ester (1-3 g.) as a pale yellow viscous 
oil, b. p. 117—180°/15 mm. Its absorption spectrum is recorded in Fig. 1. 
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Dehydrogenation y Baer ern 38: 0] Dodecatrienecarboxylic Acid and the Ethyl Ester.—(a) Experiments 
in the liquid phase. istillation of the acid (1 g.) from palladium-charcoal (0-2 g.) in the manner recom- 
mended by Plattner and Wyss (Helv. Chim. Acta, 1940, 28, 907) caused considerable charring, and only 
one drop of a low-boiling mobile greenish oil was obtained. The use of sulphur to effect dehy enation 
was also unsuccessful. , i 

(b) Experiments in the vapour phase. (i) (cf. Linstead, J., 1937, 1146). The ester was delivered 
slowly into a catalyst chamber at a rate of 0-005 c.c. per minute through a fine capillary tube. The 
catalyst tube (7-5 cm. long, 1-5 cm. in diameter) was packed with a mixture of 30% palladium-charcoal 
(0-78 g.), prepared according to the directions of Linstead (loc. cit.), and 5% § capac ee nena (0-7 g.), 
and was heated in a closely-fitting solid copper block made in two halves. e outlet from the receiver 
was connected to a Dumas nitrometer where the gas evolved was collected and measured over 50% 

tassium hydroxide solution. The optimum temperature for dehydrogenation was found to be 350— 
360°. At 310°, evolution of hydrogen was very slow. This apparatus gave good yields of ethyl azulene- 
carboxylate from ethyl bicyclo[5 : 4 : 0]}dodecatrienecarboxylate. Under the above conditions the ester 
(2-5 g.) yielded a colourless mobile liquid distillate (0-5 c.c.) with the evolution of gas equivalent to ca. 
four mols. mol. of ester. The distillate was heated under reflux with alcoholic alkali for 1 hour, and 
one drop of acidic product separated. The bulk of the material (0-36 g.), which was neutral, was treated 
with picric acid (0-18 g.) in alcohol (3-7 c.c.). A picrate separated, after warming, as orange needles, 
which were recrystallised twice from alcohol and then had m. BR 121—122° (mixed m. p. with picric acid, 
ca. 105°) (Found: C, 55-8; H, 3-9. Calc. for C,,H,,0,N,: C, 56-1; H, 3-9%). The once-crystallised 
material (0-05 g.; m. p. 120—122°) was freed from picric acid by shaking an ethereal solution of it with 
dilute sodium hydroxide solution. Removal of the ether left one drop of a colourless mobile oil, which 
was used for the determination of the absorption spectrum which was characteristically that of an 
alkylated naphthalene (cf. Laszlo, Joc. cit.). This product was thus almost certainly a mixture of 
dimethylnaphthalenes. 5 

(ii) Dehydrogenations were therefore next conducted in an apparatus (see Part I, Joc. cit.) designed 
to give the briefest possible period of contact. With a rate of 0-18 c.c. per minute, the distillate (2-0 g.) 
was deep blue in colour. It was redistilled, the following fractions being collected: (1) b. p. 110— 
120°/15 mm. (0-15 g., deep blue) ; (2) b. p. 120—140°/15 mm. (0-03 g., deep blue); (3) b. p. 140—170°/15 
mm. (0-70 g., intense violet-blue) ; and (4) b. p. 170—175°/15 mm. (0-30 g., greenish). 

Fraction (1) was dissolved in light petroleum and extracted with ice-cold 85% phosphoric acid, the 
red phosphoric acid extracts were washed with light petroleum, and the azulene-like hydrocarbon was 
regenerated by B wrong into a vigorously stirred mixture of ether, ice, and water. The ethereal layer 
was then washed with dilute alkali and water, dried, and evaporated in a current of carbon dioxide. The 
residue was an intensely ultramarine-coloured oil (ca. 5 mg.). It was not possible to obtain a crystalline 
derivative; the absorption spectrum of this material in the visible region was measured directly and is 
recorded in Fig. 2. 

Fraction (3) was separated, in the same way as fraction (1), into a deep-blue part (0-03 g.), soluble in 
85% phosphoric acid, and a phosphoric-acid-insoluble part. The deep-blue oil did not yield a picrate 
or 2:4: 6-trinitrotoluene complex, but its ester function was clear from its reaction with alkali. Its 
absorption spectrum in the visible region is also recorded in Fig. 2. 

The phosphoric-acid-insoluble products (5 g.) from 3 dehydrogenations were hydrolysed with 
10% aqueous potassium hydroxide. The neutral products (0-52 g.) yielded with picric acid (0-25 g.) 
in alcohol (5 c.c.) the same picrate (0-11 g., m. p. 120—121°) as was obtained in previous dehydro- 
genations. The material which did not react with picric acid was recovered, and found to have 
an absorption spectrum very similar to that of 1 : 2-benzcycloheptene. It is possible, therefore, that 
this material contained partial dehydrogenation products such as methyl-I : 2-benzcycloheptenes. 

bicyclo[5 : 4 : 0] Undeca-2 : 4 : 7(1)-triene-x-carboxylic Acid.—To tetrahydronaphthalene (198 g.) heated 
to 140—150° in an oil-bath ethyl diazoacetate (56-4 g.) was added dropwise, with constant stirring, 
during 8 hours. The mixture was then heated for a further hour to complete the reaction, the excess 
of tetralin hydronaphthalene was distilled off under reduced pressure, and a crude reaction product, 
b. p. 130—200°/20 mm., collected. Several unsuccessful attempts were made to purify this material by 
fractional distillation. The crude condensation product (86 g.) was therefore added to 50% aqueous 
potassium hydroxide (80 c.c.) and ethyl alcohol (200 c.c.) and the whole heated under reflux for 12 hours. 
After cooling the liquid was decanted from a crystalline deposit of potassium maleate and steam-distilled 
until free from alcohol. The residue was extracted with ether, the aqueous layer was acidified and 
extracted with ether, and the ethereal extracts were dried (Na,SO,) and evaporated. On distillation 
of the residue in vacuo, there was obtained a sticky, pale yellow oil (40 g.), b. p. 168—178°/2mm. Redistil- 
lation yielded the pure acid (31-1 g.), b. p. 161—164°/1-5 mm., which did not crystallise (Found: C, 
77-0; H, &3; equiv., 190-7. CigH 1,0, requires C, 77-1; H, 8-2%; equiv., 190-2). 

The pure acid (20 g.; b. p. 161—164°/1-5 mm.) was dissolved in absolute alcohol (60 c.c.), concentrated 
sulphuric acid (6 c.c.) added, and the mixture boiled under reflux for 5 hours. Most of the alcohol was 
then distilled off, water was added, and the ester taken up in ether. After being washed with sodium 
carbonate solution and water, the ethereal extracts were dried and evaporated. On distillation of the 
residue in vacuo, the ester (16 g.) b. p. 175—178°/20 mm., was obtained (Found: C, 77-0; H, 8-3. 
C,,H,,0, requires C, 77-1; H,.8-2%). The absorption spectrum of this substance is recorded in Fig. 1. 

The pure acid (10 g.) was shaken with phosphorus trichloride (3-6 g.) for 1 hour and then allowed to 
stand until the two layers had separated completely. The mixture was cooled in a freezing mixture and 
after a short time the acid chloride was decanted from the viscous phosphoric acid and was added dropwise 
to concentrated ammonia solution (50 c.c.) with shaking. A curdy yellow mass, changing to a white one, 
was formed. It was taken up in ether and washed with 2% sodium hydroxide solution. After removal 
of the ether, a resinous mass remained which was crystallised with difficulty from 80% alcohol. After 
five crystallisations a small quantity of a pure amide (0-1 g)., m. p. 119-5—121°, was obtained (Found : 
C, 76-2; H, 7-9. C,,H,,ON requires C, 75-9; H, 7-8%). 

Hydrogenation of bicyclo[5 : 4 : 0] Undecatrienecarboxylic Acid.—In the presence of palladium- 

7s 
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calcium carbonate at atmospheric pressure, hy: en equivalent to 0-9 double bond was absorbed, and 
the product was an almost colourless, glutinous oil, b. p. 155—160°/1 mm. In the presence of colloidal 
platinum, hydrogen equivalent to 2-94 double bonds was absorbed. 

Dehydrogenation of bieyclo{s : 4: O|)Undecatrienecarboxylic Acid.—The acid {16-5 g.) was heated with 
20% palladium-charcoal in a long-necked flask in a current of air-free carbon dioxide. The gases evolved 
in the reaction were collected in a Dumas nitrometer. Hydrogen evolution an at 210°, became 
vigorous at 270°, and ceased after 2 hours when only half the expected hydrogen been evolved. The 
reaction products were then taken up in ether, washed with alkali, and dried, and the ether evaporated 
off. On distillation of the residue there was obtained a distillate (7 g.), b. p. 113—133°/20 mm., which 
yielded a colourless mobile oil, b. p. 114—122°/19 mm., on redistillation. is oil (4-72 g.) with picric 
acid (5-7 g.) in alcohol (30 c.c.) gave, on cooling, pale orange needles (6-02 g.), m. p. 120—123°. These 
crystals were recrystallised from alcohol (40 c.c.) to yield a picrate (3-48 g.), m. p. 1 124° (Found : C, 
54:7; H, 3-4. Calc. for C,,H,,;0,N,: C, 55-0; H, 3-5%), undepressed by a mixture of 1- (65 parts) and 
2-methyl-naphthalene picrate (35 parts). On regeneration from the picrate, the hydrocarbon gave an 
absorption spectrum closely similar to that of 1-methylnaphthalene. 

2 : 3-Benzcycloheptenol.—Sodium (30 g.) was added in small pieces during 1 hour to a boiling solution 
of 2: 3-benzcycloheptenone (32 g.) in absolute alcohol (320 ae When all the sodium was dissolved, 
the mixture was poured into water and the crystalline alcohol filtered off. A further quantity of the 
alcohol was obtained by extracting the filtrate with ether, and the combined materials were then crystal- 
lised from light petroleum (b. p. 35—50°) and yielded the almost pure alcohol, m. p. 100° (23 g.). The 
mother-liquors were evaporated to dryness and distilled, the fraction, b. p. 140—150°/16 mm., being 
retained. It was crystallised from light petroleum and yielded a further quantity (3 g.) of the alcohol, 
The as 81%). in long colourless needles, m. p. 101° (Found : C, 81-49; H, 8-7. C,,H,,0, requires 
C, 81-45; H, 8-7%). 

2: 3-Benzcycloheptenyl Acetate——The once-crystallised 2: 3-benzcycloheptenol (54 g.) was mixed 
with acetic anhydride (33 c.c., 10% excess) and slowly heated to 120° in an oil-bath during 6 hours. The 
mixture was then poured into water, and the estey taken up in ether. The ethereal layer was shaken 
with sodium carbonate solution until free from acetic anhydride and acetic acid, washed with water, and 
dried (Na,SO,). After removal of the ether the residue was distilled, the fraction, b. p. 147—148°/13 mm. 
(63-7 g., 94%), being collected. After cooling it set to a solid mass which was recrystallised from light 
petroleum to yield crystals, m. p. 37° (Found: C, 76-4; H, 8-0. C,,;H,,O, requires C, 76-4; H, 7-9%). 

Ethyl Acetoxy bicyclo[5 : 5 : 0|dodecatrienecarboxylate.—2 : 3-Benzcycloheptenyl acetate (62 g.) in a 
three-necked flask (250-c.c. capacity) immersed in an oil-bath at 135—140° and equipped with a stirrer, 
dropping funnel, and air condenser was treated dropwise with 90% ethyl diazoacetate (12 c.c.) during 
5 hours. The temperature was then slowly raised to 160° during 3 hours. The product was distilled 
and the low-boiling fraction, b. p. 105—130°/1 mm., which was mainly unchanged acetate, re-treated 
with ethyl diazoacetate. The combined high-boiling products (48 c.c.; b. p. 120—170°/0-4 mm.) from 
four such successive condensations were redistilled at 0-5 mm., and fractions, b. p. 100—145° (pale yellow 
mobile oil; 5-0 g.) and 145—185° (pale orange viscous oil; 19-0 g.), were collected. As it was impossible 
to purify fraction (ii) by fractionation it (3 g.) was directly hydrolysed by boiling under reflux with 
potassium hydroxide (3 g.) in water (100 c.c.) until dissolution was complete (4 hours). The acid was 
recovered in the usual manner and distilled at 150—200°/0-2 mm. Carbon and hydrogen contents 
indicate that it is a mixture of bicyclo[5 : 5 : 0)dodecatetraenecarboxylic acid and some hydroxybicyclo- 
[5 : 5 : O)dodecatrienecarboxylic acid (Found: C, 75-3; H, 7:2. Calc. for C,;H,,0,: C, 77-2; H, 6-9. 
Calc. for C;3H,,0,: C, 70-9; H,7-3%). Useof concentrated alcoholic potassium hydroxide gave similar 
results. 


bicyclo[5 : 5 : 0)Dodecatetraenecarboxylic Acid.—The mixed acids (b. p. 160—200°/0-4 mm., 6-2 g.) 
obtained by hydrolysis of the crude acetoxy-ester were heated to 160° in vacuo with finely-ground fused 
potassium hydrogen sulphate (14-0 g.) for 4 hour. After cooling, the material was mixed with water 
and ether. The ethereal layer (A) was shaken with 5% sodium hydroxide solution, and this aqueous 
layer twice washed with ether to remove neutral decarboxylation products. The original aqneous layer, 
after acidification, was extracted with ether, and this extract (B) washed with water and dried (Na,SQ,). 
The ether was removed from (B), and the acid (4-06 g.) distilled, b. p. 150—160°/0-4 mm., as a viscous pale 
yellow oil (Found: C, 76-7; H, 6-7. C,3;H,,O, requires C, 77-2; H, 6-9). 

Methyl-1 : 2-benzcyclohepta-1 : 3-diene—The ethereal extract (A) which contained the neutral 
material was dried (Na,SO,), and the ether distilled off. A mobile oil with a pleasant petrol-like odour 
remained. It was distilled into 2 fractions at 17 mm. pressure: b. p. 90—100° (0-5 g.; colourless 
mobile oil) and b. p. 200—220° (0-2 g., pale yellow viscous oil). The former was redistilled and the 
diene boiling at about 100° collected (the quantity was too small to obtain an acurate boiling point) 
(Found : C, 90-9; H,9-0. C,,H,,requiresC, 81-1; H, 8-9%), mj} 1-5869, Emax, 13,400 at 251—257 .~ 

1 : 2-Benzcyclohepta-1 : 3-diene.—-Pure 1 : 2-benzcyclohepten-3-ol (2-21 g.) was heated with finely 
ground potassium hydrogen sulphate (4-0 g.) in vacuo at 160° for 1 hour. The hydrocarbon (1-6 g.) was 
then extracted with ether and distilled at 10 mm. to yield fractions, (i) b. p. 80—85° (0-8 g.), and (ii) b. p. 
140—150° (0-6 g.). Fraction (i) was redistilled, the diene, b. p. 108—110°/18 mm., being collected as a 
colourless mobile oil with a pleasant petrol-like odour (Found: C, 91-5; H, 8-5. Calc. for C,,H,,: C, 
91-7; H, 8-3%, n}?* 1-5873, emax. 15,600 at 254 my. (cf. Kipping and Hunter, J., 1903, 83, 246). 

Methyl bicyclo[5 : 5 : 0] Dodecatetraenecarboxylate.—The pure distilled acid (3-18 g.) was heated under 
reflux in absolute methyl alcohol (15 c.c.) containing concentrated sulphuric acid (1-5 c.c.) for 2 hours, 
poured into water, and worked up in the usual manner. The ester (3-28 g.) was distilled, and the fraction, 
b. p. 95°/0-01 mm., collected as a pale yellow oil (Found : C,77-4; H,7-6. Calc. for C,,H,,0,: C, 77-7; 
H, 7-5%), n}P 1-5682, emax. 11,450 at 245 my., emer. 1130 at 320 my. 

When the ester was hydrogenated in the presence of palladium-calcium, hydrogen equivalent to 1-8 
double bonds was absorded. The hydrogenated ester was recovered by filtering off the catalyst and 
distilling off the alcohol. The oily residue was distilled at 0-1 mm. and the fraction, b. p. 95°, reserved 
for study of the absorption spectrum; it showed a continuous absorption of light throughout the 
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spectrum, which was almost identical with that found for the hydrogenation product of ethyl 
bicyclo[5 : 5 : 0)dodecatrienecarboxylate. 

Bromination and Subsequent Dehydrobromination of Methyl bicyclo[5 : 5 : 0] Dodecatetraenecarboxylate. 
—N-Bromosuccinimide (1-67 g., 2 mols.) was added to pure methyl bi 5 : 5 : Ojdodecatetraene- 
carboxylate (1 g.) in dry carbon tetrachloride (4 c.c.). Freshly prepared benzoyl peroxide (0-05 g.; no 
reaction took in the absence of this catalyst) was then added and the mixture heated under reflux. 
Reaction quickly set in, as was shown by the tendency of the insoluble material to float on the surface of 
the carbon tetrachloride. After 2 hours a test portion of the solid was acidified with dilute acid, and 
a drop of potassium iodide added. Only a pale yellow colour was produced, indicating that the reaction 
was almost complete. The mixture was then cooled, and the succinimide filtered off and dried (0-90 g. ; 
theoretical quantity, 0-93 g.). The filtered carbon tetrachloride solution, evaporated to dryness left a 
dark brown viscous mass. An attempt to obtain pure material by distillation proved unsuccessful as the 
material readily decomposed into a c mass. A drop of the material, treated with alcoholic silver 
nitrate solution, instantaneously yielded a yellow precipitate of silver bromide, thus demonstrating that 
the bromine was held in an allylic position in the molecule. A portion of the bromo-derivative was 
heated with a molecular quantity of diethylaniline for 1 hour at 100°, but, after working up, the product 
still gave a precipitate with alcoholic silver nitrate; the bromine was completely removed only after 
4 hours on a steam-bath. 

The material was then mixed with ether and extracted with dilute acid. The ethereal layer was 
washed with water and finally dried (Na,SO,). Removal of the ether and distillation gave viscous oils, 
(i) b. p. 100—110°/0-1 mm. (pale yellow, 0-1 g.), and (ii) b. p. 110—130°/0-1 mm. (0-1 g.). Fraction (i) 
gave a negative test with alcoholic silver nitrate and contained only 0-86% of bromine, showing that 
only a negligible quantity of the bromine was held as vinyl bromide. Fraction (i) showed two absorption 
maxima: Emax. 7560 at 241 my. and Emax, 7560 at 256 mp. Fraction (ii) showed tmx. 7000 at 245 my. 
and Emax. 7130 at 256myp. Thus both fractions had an absorption Jess than that of methyl bicyclo[5 : 5 : 0)- 
dodecatetraenecarboxylate. 


One of us (D. H. S. H.) places on record his appreciation of the advice and hospitality of Professor 
Sir Ian Heilbron received during the latter part of this work. 
UNIVERSITY OF CAPE Town, SouTH AFRICA. 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, LonDon S.W.7. 
NATIONAL CHEMICAL RESEARCH LABORATORY, 
PRETORIA, SOUTH AFRICA. (Received, October 27th, 1948.]} 





511. The Oxidation of Aromatic Compounds by Means of the 


Free Hydroxyl Radical. 
By J. H. Merz and W. A. Waters. 


Aromatic compounds are oxidised by hydrogen peroxide in presence of ferrous ions according 
to a non-chain mechanism, and free aryl radicals are formed. The free phenyl radical does not 


react with water, but in part dimerises to diphenyl and in part combines with the hydroxy] radical 
to form phenol. 


Toluene yields dibenzyl, benzaldehyde, andcresols. Benzoic acid, benzamide, nitrobenzene, 
and chlorobenzene yield o-substituted phenols and further oxidation products, but not diaryls. 
The further oxidation of phenols is too complex for kinetic study, since the reaction products 
include catechol derivatives which reduce ferric salts. Again, phenols are retarders of the 
free-radical oxidation of other substances. 


The theoretical implications of these findings are reviewed, particularly in connection with 
the chemical reactivity of the free phenyl radical. 


IN a previous paper (this vol., p. S 15) we showed that the free hydroxy] radical, produced by the 
action of hydrogen peroxide on acidified ferrous sulphate, was able to oxidise many water-soluble 
aliphatic compounds by way of a dehydrogenation (1) which was followed either by a reaction 


hy 
(1) R-H+-°OH ——~> R:+H—OH 
(2) between the organic radical, R*, and molecular hydrogen peroxide which continues a chain 
(2) R*+HO—OH —>» R—OH +-OH 


reaction, or by a combination (3, 4) or disproportionation (5) of a pair of radicals which does not 
allow of the continuation of a reaction chain 


(3) 2R-} —> R-R 
(4) R-+-OH —>» R—OH 
(5) 2R,CH—CR,’ —> R,C=CR,’ + R,CH—CHR,’ 
The evaluation of the ratio [AH,O,]/[AR—H], calculated in equivalents, and measured most 
simply as [AH,O,)/[AH,O, — AFe**], for a series of mixtures of the organic substrate, R—H, 
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with ferrous sulphate solution enabled us to discriminate quite clearly between the chain (2) 
and the non-chain (3—5) mechanism. 

We have now extended our studies to a number of aromatic compounds, and have found that 
the hydroxy] radical quite easily attacks the benzene ring to give a free aryl radical which then 
reacts further according to the non-chain mechanisms (3) and (4) only. Thus Fig. 1 shows that 
quite a range of organic compounds can be oxidised so that the kinetic equation 


—AH,O,/—AR—H = 2 + h,[Fe*+] /k,[R—H] 


characteristic of the non-chain process is valid, whilst Table I shows that the ratio h,/k, is 
greater for aromatic substances than for many aliphatic substances which oxidise in the same 
manner: indeed, the ratio is often greater than that observed for the chain oxidations of 
alcohols or aldehydes. ° 


Fic. 1. 


Stoicheiometry of oxidation of aromatic compounds showing that the non-chain relationship 
AH,O,/AR—H = 2 + k,[Fe**]/k3[R—H] holds. 
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TABLE I, 
ks Velocity constant for reaction R—H + ‘OH —> R- + H,O 


k, Velocity constant for reaction Fe** + -OH —> Fe** + (OH)~ 


Substance. Substance. 
Nitrobenzene 
Benzenesulphonic acid 
Dimethylaniline (sulphate) 





For comparison : 
Non-chain oxidations. Chain oxidations. 
tert.-Butyl alcohol S Ethyl alcohol 
Chloral hydrate . isoPropyl alcohol 
Ethyl] acetate . Acetaldehyde 
; Diethyl ether 


We have been able, in a number of cases, to isolate reaction products which reveal further 
features of the courses of these oxidations. 


The oxidation of benzene by hydrogen peroxide and a ferrous salt was first mentioned by 
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Cross, Bevan, and Heiberg (Ber., 1900, 83, 2017) who showed that phenol and pyrocatechol were 
obtainable, though in poor yield. This has been confirmed by Ono, Oyamada, and Katuragi 
(J. Soc. Chem. Ind. Japan, 1938, 41, 2098; Brit. Chem. Abs., 1938, B, 1265), but hitherto it does 
not seem to have been noticed that diphenyl is also formed in this reaction, though recently 
Stein and Weiss (Nature, 1948, 161, 650) have reported that traces of diphenyl accompany the 
phenolic products which are obtained when aqueous solutions of benzene are irradiated with 
X-rays OF y-rays. or 

Actually, the chemical oxidation of benzene to diphenyl in aqueous solution can be demon- 
strated ina striking manner. When a saturated (ca. m/100) solution of benzene in cold, acidified, 
aqueous ferrous sulphate solution is injected, with shaking, with a dilute solution of hydrogen 
peroxide then the mixture immediately turns cloudy owing to the separation of diphenyl which 
eventually flocculates. The diphenyl can be obtained in larger quantity by adding dropwise 
from two burettes, to a dilute mechanically-stirred emulsion of benzene in dilute sulphuric acid, 
both ferrous sulphate and hydrogen peroxide solutions at rates which are controlled so that a 
little ferrous sulphate enters initially and thereafter remains in permanent excess, whilst the 
ratio [dissolved benzene] /[Fe**] is maintained at as high a value as is conveniently possible. 
Alternatively, a homogeneous mixture of the aromatic: compound and concentrated hydrogen 
peroxide in the minimum quantity of glacial acetic acid can be added dropwise to a stirred ice-cold 
solution of ferrous sulphate in dilute sulphuric acid. 

Although some diphenyl is formed from benzene, phenolic products constitute the main 
yield. Hence, both the reactions 2C,H,* —> C,H,—C,H, and C,H, + -OH —> C,H,;—OH 
must occur concurrently in the aqueous phase. One typical experiment indicated that only 
about 20% of the phenyl radicals was converted into diphenyl. 

Toluene, which is much less soluble in water than is benzene, gives a just perceptible turbidity 
when treated similarly in aqueous solution, but the product of oxidation of an aqueous emulsion 
by the simultaneous addition technique described above is a mixture containing dibenzyl, 
benzaldehyde, and cresols. Evidently toluene is attacked by free hydroxy] radicals both in the 
side chain and in the nucleus. The oxidation of ethylbenzene yielded mainly acetophenone, and 
phenylacetic acid too was attacked mainly in the side chain. Anisole and dimethylaniline both 
yielded some formaldehyde, and thus resembled the aliphatic ethers and amines. Nitrobenzene 
darkened rapidly when oxidised in solution or emulsion; a little o-nitrophenol, together 
with more complex polyphenolic products, but no dinitrodiphenyls were formed. Again, the 
oxidation of a mixture of benzene with nitrobenzene did not yield any nitrodiphenyl. Chloro- 
benzene, similarly, gave no dichlorodiphenyl, but a little o-chlorophenol, together with more 
extensively oxidised products. 

Benzoic acid oxidises to a red solution which was shown to contain salicylic acid. Evidently, 
therefore, the well-known microchemical colour reaction for the determination of traces of 
benzoic acid as salicylic acid (Hanriot, Compt. rend., 1886, 102, 1250; compare Milton and Waters 
“Methods of Quantitative Micro-analysis,” 1949, p. 328) depends on a similar oxidation. 
Benzamide oxidises in a similar manner, and salicylamide could be separated from the reaction 
product. Isomeric hydroxybenzamides may perhaps be present but could not be isolated. 

Benzenesulphonic acid gave a solution which when treated with bromine-water precipitated 
* tribromophenol, and evidently therefore some o- and/or p-hydroxybenzenesulphonic acids had 
been formed. 

In none of these cases, however, was it possible to obtain the primary oxidation products in 
significant yield, since the various phenols themselves are extensively oxidised too. The 
oxidation of phenol by hydrogen peroxide in the presence of a ferrous salt has been studied by 
many workers (Cross, Bevan, and Heiberg, Joc. cit.; Goldhammer, Biochem. Z., 1927, 189, 81; 
Chwala and Pailer, J. pr. Chem., 1936, 11, 182; Ono and Oyamada, Bull. Soc. Chem. Japan, 
1936, 11, 132), usually with inconsistent results, since the requisite conditions for the attainment 
of reproducibility with this reagent (see Merz and Waters, Faraday Soc. Discussions, 1947, 2, 
180) were not then known. The earlier work, however, makes it quite evident that the 
o-hydroxylation of the aromatic nucleus, noted above, occurs with phenol too, since catechol 
can be isolated more easily than other reaction products such as quinol or diphenols, though these 
too are formed. 

Our own colorimetric measurements, both with phenol and with p-cresol, have as yet failed 
to reveal the detailed course of this oxidation for, as Fig. 2 shows, the final concentration of 
ferric ion in the solution is nearly independent of the initial [phenol] /[Fe*+*] ratio. This result 
can, in part, be accounted for by the fact that catechol and its analogues reduce ferric salts to 
ferrous salts, but are thereby oxidised to 1 : 2-quinones which are unstable in water. More 
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important, however, is the fact that phenol is a strong “ retarder ” of oxidations involving free 
hydroxyl, since the interchange process (6) yields mesomeric phenoxy-radicals which are much 


kz 
(6) C,H,-O—H +-OH ——> C,H,—O- + H—OH 

less reactive than free hydroxyl. Thus the addition of phenol significantly reduces the rate of 
oxidation of isopropyl alcohol (Fig. 3), its apparent * retardation coefficient, k,/k,, being 93, 
The full details of phenol oxidation would thus appear to be too complex for quantitative 
evaluation by our present techniques. The occurrence of these further complex oxidations of 
phenols naturally renders the direct oxidation of aromatic ring systems by free hydroxy] radicals 
a process of no preparative value. 


Fic. 2. Fic. 3. 
The oxidation of phenols. Retardation of the oxidation of isopropyl alcohol 
by phenol. 
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Discussion.—This work shows clearly that free phenyl radicals do not react with cold water, 
for reaction (a) would not allow of the oxidation of any benzene, whilst reaction (6), unless 
extremely slow, would so dominate the oxidation that no diphenyl would be formed. 


(a) C,H, +H—-OH —> C,H,—H +-OH 
(6s) C,H, +HO—-H —> C,H,—OH +-H 


This confirms the surmise made by one of us (J., 1937, 2015) that the very small quantities of 
aromatic hydrocarbons which are formed in decompositions of aqueous solutions of diazoates 
(compare Jolles, Gazzetta, 1931, 61, 403; Atti R. Accad. Lincet, 1932, 15, 292, 395) originate 
from reactions between aryl radicals and aromatic molecules, i.e., chiefly from homolyses occur- 
ring in the tar phase (compare Saunders and Waters, J., 1946, 1156). Until now, however, it 
has not been possible decisively to reject the alternative mechanism involving reaction (a), 
improbable though it has always seemed. 

Since the work of Hey, Wieland, and others (compare Waters, ‘‘The Chemistry of Free 
Radicals,” 1946, Chap. VIII) has indicated that diphenyl may easily be formed by reaction (c) 

(c) C,H, +H—-C,H, —> C,H,;—C,H, +-‘H 
it is possible that in our present oxidation the production of the diphenyl might be due to the 
occurrence of reaction (c) in the aqueous phase between the free phenyl radicals and the dissolved 
benzene molecules, and not by the dimerisation of the free phenyl radicals (reaction 3), since 
atomic hydrogen would at once be removed by the frec hydroxyl radicals that are also present. 
In considering this possibility it must be borne in mind that the velocity of reaction (c) would have 
to be abnormally high if any appreciable formation of diphenyl] is to be accounted for in this way. 
Our failure to isolate appreciable amounts of suictituted diaryls from either nitrobenzene or 
chlorobenzene points against the significant occurrence of reaction (c) in very dilute aqueous 
solution, for the corresponding reactions of the radicals ~C,H,Cl and -C,H,*NO, with chloro- 
benzene and nitrobenzene occur quite easily when these two liquids are also the solvents. Again, 


* This computation assumes that the phenoxy-radical is not oxidised further in the presence of 
Fe**, and that the reaction HO- + C,H,—OH —-> H—OH + -C,H,—OH can be neglected. Neither 
of these tions is quite true, but Fig. 2 shows that 90% of the hydrogen peroxide taken is consumed 
by oxidising Fe** ions. 
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toluene gave some dibenzyl and not phenyltolylmethane or ditolyl: hence dissolved benzyl 
radicals do not seem to substitute the benzene ring. The present evidence therefore indicates 
strongly that the dipheny] is formed by the dimerisation of the free phenyl radicals in the aqueous 
solution (reaction 3). 

The absence of detectable diary! formation by the dimerisation of chlorophenyl, or 
nitrophenyl, radicals is curious, but it may perhaps be explained * by the fact that these radical 
are both dipoles, owing to their substituents, and that their combination in pairs would have to 
overcome electrostatic repulsions between like charges, a circumstance which would not arise in 
their reactions with hydroxyl radicals (compare Weiss, Trans. Faraday Soc., 1940, 36, 856) : 


<—- -_—_- <—_—- ade 

a> Oe 4 Si 

In our study of the aliphatic free radicals (this -vol., p. 15) we discovered many that were 
sufficiently reactive to attack molecular hydrogen peroxide. To those which did not do so, but 
oxidised further by the non-chain sequence, we ascribed structures in which the wave-system 
of the odd electron had been appreciably drawn away from the immediate vicinity of the tervalent 
carbon atom by electrophilic groups situated in the remainder of the molecule. A similar 
explanation cannot be given for the comparative stability of the free phenyl radical under our 
reaction conditions. Again, this stability cannot be due to resonance with the “ aromatic 
sextet” since (i) one cannot write down any alternative, stereochemically rational, canonical 
structures to the Kekulé formula with the odd electron situated at the carbon atom which has 
been deprived of its hydrogen (compare Waters, Faraday Soc. Discussions, 1947, 2, 373), and (ii) 
the axis of symmetry of the odd electron of the pheny! radical (along the line of the original C-H 
bond) is at right angles to that of the -p bonds of the aromatic sextet and hence there cannot 
be any interaction between these two wave-systems. 

No satisfactory explanation can therefore be offered for our demonstration that free phenyl, 
in water, appears to be a comparatively stable radical. The observation was most unexpected 
since free phenyl sometimes appears to be even more reactive than free methyl. For example, 
Cramer (J. Amer. Chem. Soc., 1934, 56, 1234; 1938, 60, 1406) failed to alkylate benzene at 
temperatures below 300° by free ethyl radicals generated from tetraethyl-lead. Again, Fieser, 
Clapp, and Daudt, ibid., 1942, 64, 2053) obtained only benzyl acetate from toluene under 
conditions in which both free methyl and free acetate radicals were probably present, whilst 
Hey, (J., 1934, 1936) found that toluene reacted quite easily with free phenyl radicals derived 
from both dibenzoyl peroxide and benzene diazoacetate to give a mixture of methyldiphenyls. 
It may be, therefore, that the reactions of free hydrocarbon radicals exhibit more specificity than 
has hitherto been supposed, and that their interactions with aromatic nuclei are conditioned by 
special steric conditions (compare Mayo, Faraday Soc. Discussions, 1947, 2, 372; Waters, 
idem). 

The absence of a reaction between a free organic radical and water is not surprising, because 
a@ process such as (a) or (b) (p. 2430) would require the severance of a strong H-O bond. The 
reactions between free radicals and organic molecules involve only much weaker bonds, such as 
C-H, or C-Cl, and hence water may be the one unique solvent with which organic free radicals 
do not react. 

Finally, attention may be directed to our observation that substituted benzene derivatives 
can regularly be hydroxylated in the o-position, but the implications of the fact must be viewed 
with caution. First, it must be pointed out that the isolated yields of o-substituted products are 
small, even in the case of phenol, and secondly, it may be that the isomeric hydroxy-compounds 
are more rapidly destroyed by the reagent used in spite of the fact that catechol has a higher 
oxidation potential than either quinol or resorcinol. It may be noted, however, that com- 
putations of the local electron densities at the carbon centres of substituted benzene derivatives 
invariably exhibit the greatest divergencies from the mean at points vicinal (i.e., ortho) to the 
substituent group (Coulson, private communication). These calculations concerning the 
structures of normal molecules are particularly relevant in connection with their homolytic 
reactions, such as those discussed in this paper. They possibly may be used to predict the 
points at which free-radical attack can occur with the least energy demand, though as one of us 
has pointed out (J., 1948, 727) the simplified approach to this used by Wheland (J. Amer. Chem. 
Soc., 1942, 64, 900) may be inadequate. 


* We thank Professor C. A. Coulson for this suggestion. 
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EXPERIMENTAL. 


Kinetic measurements were carried out, at pH 1, at room temperature, as follows: 10 ml. of 
0-1N-ferrous ammonium sulphate, dissolved in 0-5N-sulphuric acid, were mixed with the appropriate 
volume of a standard aqueous solution of the organic substrate, and diluted with distilled water to q 
total of 45 ml. 5 ML. of 0-1N-hydrogen peroxide were then added with shaking. After a short time the 
Fe*+ content of the product was determined colorimetrically with potassium thiocyanate, a ‘‘ Spekker” 
photo-absorptiometer being used. For this determination the reaction mixture was diluted to 250 mL: 
10-ml. portions were then mixed with 5 ml. of 10% potassium thiocyanate and diluted to 100 ml. with 
0-2n-sulphuric acid. A similarly prepared mixture to which no organic substance had been added 
served as the reference blank. 

Experiments involving the oxidation of phenols were carried out under an atmosphere of nitrogen, 
The retarding effect of the phenol was determined by adding the appropriate volume of standard aqueous 
phenol solution to a mixture of 10 ml. of 0-1N-ferrous ammonium sulphate with 10 ml. of 0-2m-isopropyl 
alcohol, diluting the mixture to 45 ml., and then proceeding as above. 

The larger-scale investigations of oxidation products were conducted as follows : 

Benzene.—To a mechanically stirred emulsion of 25 ml. of benzene in 750 ml. of 0-35N-ferrous sulphate, 
acidified with 5 ml. of concentrated sulphuric acid, 100 ml. of 1-4n-hydrogen peroxide were added 
dropwise from a burette. Extraction with ether gave 1-2 g. of a brownish solid which, after washing 
with alkali and crystallising from aqueous acetic acid and then methanol gave 0-26 g. of diphenyl of 
m. p. 70°5°; this was unchanged after admixture with authentic material. The alkali-soluble portion, on 
treatment with acidified bromide-bromate mixture gave 2-8 g. of tribromophenol, m. p. 93°. Pure 
diphenyl was also isolated from an oxidation carried out in homogeneous aqueous solution. , 

Toluene.—To a mechanically stirred emulsion of 10 ml. of toluene in 2 1. of 0-1N-sulphuric acid, 
n-solutions of ferrous sulphate and of hydrogen peroxide were added from two burettes at such a rate 
that the mixture contained a permanent slight excess of ferrous ions. Extraction with ether, followed 
by washing with dilute alkali to remove cresols, and evaporation gave a dark oil, smelling of benzaldehyde, 
which solidified on storage in a refrigerator. Two recrystallisations from methanol gave pure dibenzyl, 
m. p. and mixed m. p. 52-5°. The mother-liquor from the first crystallisation reduced ammoniacal 
silver nitrate, and, on treatment with phenylhydrazine in dilute acetic acid, benzaldehyde phenyl- 
hydrazone, m. p. and mixed m. p. 158°, was obtained. There remained only a as J small amount of 
non-phenolic dark residue. The alkali-soluble extract gave, on acidification, a little brownish oil which 
exhibited positive reactions for cresols (ferric chloride colour, bromination, etc.) but was insufficient in 
quantity for separation into pure components. 

Ethylbenzene.—This was oxidised in a similar manner, a mixture of 100 ml. of glacial acetic acid and 
1 1. of N-sulphuric acid being used as the reaction phase. The product was extracted with ether, washed 
with alkali and treated with Girard’s reagent Pp. This separated acetophenone, which was isolated and 
characterised by its 2 : 4 dinitrophenylhydrazone, and by a positive iodoform test. 

Phenylacetic Acid.—A saturated aqueous solution of phenylacetic acid (0-1 mol.) was treated with 
0-2 mol. each of hydrogen peroxide and acidified ferrous sulphate solutions. Extraction with ether gave 
a product containing mainly benzaldehyde (phenylhydrazone, m. p. and mixed m. p. 158°). A very 
feeble reaction for phenolic products was given; phenylglyoxylic acid could not be detected (no coloration 
with 2: 4-dinitrophenylhydrazine in sodium carbonate solution). 

Benzoic Acid.—A saturated aqueous solution of benzoic acid (15 g.) was mixed with 150 ml. of 
n-hydrogen peroxide and acidified ferrous sulphate was added, with stirring, until present in slight excess. 
The deep purple solution was extracted with ether, which dissolved out some of the ferric complex of 
salicylic acid. The extracted acids were esterified with methanol, by means of sulphuric acid, and the 
esters were taken up in ether and washed first with sodium hydrogen carbonate and then with sodium 
hydroxide. The latter solution, on acidification, gave about 2 ml. of methyl salicylate, b. p. 220—224°, 
and on hydrolysis pure salicylic acid. 

Benzamide.—200 M1. of a 0-5m-ferrous sulphate solution were added, with mechanical stirring, to an 
ice-cold, homogeneous mixture of benzamide (0-15 mol.) and hydrogen peroxide (0-1 mol.) in glacial 
acetic acid. The reaction mixture became deep violet. Extraction with ether separated the ferric 
complex of salicylamide in the form of a yellow solution, which immediately became deep violet again when 
water was added to the ethereal extract. Evaporation of the ether, followed by treatment with cold 
dilute sodium hydroxide, precipitated ferric hydroxide mixed with unchanged benzamide. The filtrate 
on acidification precipitated almost pure salicylamide (1-5 g.), which after recrystallisation from hot 
water had m. p. 139° and on hydrolysis yielded salicylic acid, m. p. and mixed m. p. 155°. 

Nitrobenzene.—A concentrated mixture of nitrobenzene and hydrogen peroxide in glacial acetic acid 
was added, with vigorous stirring, to an excess of an ice-cooled solution of ferrous sulphate. Extraction 
of the product with ether gave a dark oil from which the excess of nitrobenzene and acetic acid was 
removed, together with o-nitrophenol, by steam-distillation. The last substance was characterised by 
extracting the steam-distillate with ether, washing out the nitrophenol with dilute sodium hydroxide, 
acidifying these washings and then re-extracting with ether. The final product (yield under 1%) had, 
after recrystallisation, m. p. and mixed m. p. 44°. The main involatile product of the oxidation was a 
black tarry solid which gave a red solution in sodium hydroxide and an amorphous precipitate with lead 
acetate solution. Attempts to isolate pure compounds from this were not successful. None of the 
material was sufficiently insoluble in water to be a dinitrodiphenyl. A similar product was obtained 
when a mixture of benzene and nitrobenzene was oxidised. 

Chlorobenzene.—A mixture of chlorobenzene and hydrogen peroxide in glacial acetic acid solution 
was added in small portions to an excess of an ice-cooled, acidified, solution of ferrous sulphate. The 
reaction product was extracted with ether and the extract was evaporated and steam-distilled. The 
distillate contained some o-chlorophenol (yield ca. 5%) which was separated in the usual manner (see 
above). It was characterised as its dinitro-derivative, m. p. 111° (Found: C, 33-2; H, 1-33; N, 12-6. 
Calc. for C,H,O,N,Cl: C, 33-0; H, 1-37; N,12-8%). The residue from the steam-distillation contained 
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a black tarry phenolic solid, which gave a red solution in sodium hydroxide and was easily soluble in 
alcohol. It gave an insoluble lead salt, but further attempts to characterise this as a definite catechol 
derivative were unsuccessful. ai, ee Z ; ; 

Benzenesulphonic Acid.—The oxidation of an acidified solution of recrystallised sodium benzene- 
sulphonate with ferrous sulphate and hydrogen peroxide gave a clear solution which when treated with 
bromide-bromate mixture gave an abundant precipitate of tribromophenol. Individual phenolsulphonic 
acids could not be isolated. oN abe . p - 

Dinstngianione Denso entine in n-sulphuric acid was promptly oxidised to a deep purple 
solution, indicative of dyes derived from o-aminophenol. On boiling, the aqueous product liberated 
formaldehyde, which was characterised as its dimedone derivative, m. P 190°. 

Anisole.—This was oxidised in a similar way to chlorobenzene, and the solution resulting from this 
reaction, too, liberated formaldehyde when heated. 
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512. Divinyl Sulphone and Allied Compounds. 
By A. H. Forp-Moore. 


The reactions of divinyl sulphone and certain other unsaturated sulphones with bromine, 
amines, and thiols are described. 2: 2’-Dichlorodiethyl sulphone is a stable compound, and 
its various reactions are effected only after it has been converted into divinyl sulphone; it is 
probably not concerned in the biological action of mustard gas. 


SEVERAL theories have been put forward to account for the vesicant and toxic properties of 
2 : 2’-dichlorodiethyl sulphide (mustard gas) (I). That advanced by Flury and Wieland (Z. 
ges. exp. Med., 1921, 18, 367) postulated that (I) was oxidised in the body to 2 : 2’-dichloro- 
diethyl sulphone (II) and that the latter was the true toxic agent. The observation that (II) 
was itself vésicant and that its toxic effect, by intramuscular injection, was more rapid than that 


of (I) seemed to lend support to this suggestion. 

Vesicant properties are also observed in certain sulphides that contain only one 2-chloro- 
ethyl group, but only those sulphides that can be converted into alk-l-enyl sulphones (by 
oxidation with 30% hydrogen peroxide and acetic acid, followed by loss of hydrogen chloride) 
exhibit such properties. For example, phenyl 2-chloroethyl sulphide (Ford-Moore, Peters, 
and Wakelin, this vol., p. 1754; Dawson, J. Amer. Chem. Soc., 1933, 55, 2070) and 2 : 2’-di- 
chlorodi-n-propyl sulphide undergo these reactions and are vesicant; 2-chloroethyl 2’ : 2’- 
dichlorovinyl sulphide (III) (Mumford and Phillips, J., 1929, 155) and 3 : 3’-dichlorodi-n-propyl 
sulphide (IV) (Bennett and Hock, J., 1925, 2671) are non-vesicant. (III) gives 2-chloroethane- 
sulphonic acid (not a sulphone) on oxidation; (IV) gives a sulphone that cannot give an alk-1- 
enyl sulphone. It seemed desirable, therefore, to study further the reactions of divinyl 
sulphone (V)—a substance into which (II) must be converted before it can undergo any of 
the reactions described in this paper—allied compounds containing only one A*-group, and 
diallyl sulphone (which contains a A®-group). 

No trace of (II) has been found after intoxication with (I), probably because (II) reacts 
readily with amino-acids (and their esters) to give derivatives of tetrahydrothiazine 1 : 1-dioxide 
(Lawson and Reid, J. Amer. Chem. Soc., 1925, 46, 2821; Cashmore and McCombie, J., 1923, 
128, 2884; cf. Wormall et al., Biochem. J., 1946, 40, 737, who showed that the reaction takes 
place under biological conditions). It is probable that if (I) were oxidised in the body it would 
appear as a condensation product with body proteins through any free amino- (or mercapto-) 
groups present in the latter. The isolation of such a compound did not appear very promising 
but it was thought that any such (II)-protein complex might become degraded and that 
simpler fragments such as the condensation products with, say, alanine or tyrosine might be 
capable of identification and characterisation. 

Subsequent to the work described in this paper, however, Wormall ef al. (Biochem. J., 
1946, 40, 734) showed that the action of (I) on proteins under physiological conditions is quite 
different from that of (II). Furthermore, Sugden (Ministry of Supply Communication) calculated 
thermodynamically that the oxidation potential in the reaction (I) —» (II) is of the order 
of 1-4 v., which has been confirmed by treating (I) with compounds of known oxidising potential. 
It is doubtful whether the body is capable of producing such a potential, even in view of the 
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fact that 2: 2-dichlorodiethyl sulphoxide can be oxidised to (II) with a very dilute solution 
of hydrogen peroxide at pH 8 and 38° in the presence of a trace of ferrous salt. The theory 
of Flury and Wieland, though not untenable, must therefore be regarded as unlikely. 

(I) and (II) exhibit an apparently anomalous reactivity towards different reagents. Thus, 
with ethanolic potassium iodide and thiocyanate, (I) gives the corresponding di-iodo- and 
dithiocyanato-sulphide with great ease. (II) requires very prolonged boiling with these reagents. 
On the other hand, amino-acids and thiols react much more smoothly and rapidly with (II) 
than with (I) (cf. Cashmore and McCombie, Joc. cit.; Lawson and Reid, Joc. cit.). Further- 
more, (I) is rapidly and quantitatively hydrolysed by boiling water, whereas (II) is unattacked 
under the same conditions, though it liberates 99% of its chlorine in three hours at pH 8 and 38°, 

This reaction with water gives the key to the respective reactivities of the two compounds. 
(I), on hydrolysis (provided that the water used is in considerable excess; cf. Davies and 
Oxford, J., 1931, 224), gives 2 : 2’-dihydroxydiethyl sulphide. Hydrolysis of (II) gives usually 
divinyl sulphone (V), though some dihydroxydiethy] sulphone, together with tetrahydrothioxin 
4 : 4-dioxide [from (V) by the addition of water], appears to be formed by the action of hot 
aqueous sodium carbonate. 

Thus, when (II) undergoes a reaction that takes place readily, (V) can be formed as an 
intermediate. (II) is, in fact, a very unreactive substance, but under suitable conditions can 
lose hydrogen chloride to give the highly reactive (V). It follows that compounds that do 
not react with (V) (cf. Alexander and McCombie, J., 1931, 1913) will not react with (II) [or 
with (II) and alkali]. Also, when a substance does react with (II) and with (V), the same 
product will be formed in both cases. For example, neither (II) nor (V) condenses with potas- 
sium phthalimide or ethyl sodiomalonate (Alexander and McCombie, loc. cié.), but (V) and (II) 
(in presence of sodium carbonate) give identical products with many amino-acids, other amino- 
compounds, and thiols. The reactions of (II) and (V) with aniline seemed an exception. 
Alexander and McCombie (loc. cit.) found that (V) gave 2 : 2’-dianilinodiethyl sulphone, whereas 
Helfrich and Reid (J. Amer. Chem. Soc., 1920, 42, 1208) observed that (II) and aniline gave 
4-phenyltetrahydrothiazine 1: 1-dioxide. It has now been found that both products are 
formed simultaneously when either (II) or (V) is heated with aniline. 

This study of the reactions of unsaturated sulphones has been extended to a Af-sulphone, 
viz., diallyl sulphone, and to other A*-sulphones, viz., 2-chloroethyl vinyl sulphone (Alexander 
and McCombie, Joc. cit.), phenyl vinyl sulphone (Ford-Moore, Peters, and Wakelin, Joc. cit.), 
p-tolyl vinyl sulphone (I.G. Farb. A.-G., Fr. P. 789,947), and ethyl vinyl sulphone. All the 
A*-sulphones are very reactive, except towards bromine. Like (V), they add a hydrogen 
atom at the a-carbon, the rest of the molecule of the reactant attaching itself to the B-carbon 
atom. Halogens are added, though very slowly, across the double bond in the usual manner. 
Diallyl sulphone, on the other hand, decolorises bromine very rapidly. 

It may be noted that, whereas diallyl sulphone may be obtained from the sulphide by 
oxidation with hydrogen peroxide and acetic acid, divinyl sulphide (Bales and Nickelson, J., 
1922, 121, 2137) cannot be oxidised to its sulphone by this reagent, though Levin (J. pr. Chem., 
1930, 127, 77) obtained it by oxidation with benzoyl hydroperoxide. 

Reactions with Alkali.—Both (II) and (V) with hot aqueous sodium hydroxide give tetra- 
hydrothioxin 4 : 4-dioxide, m. p. 134° (Cashmore, J., 1923, 123, 1738, gives 129°; Alexander 
and McCombie, loc. cit.). The same product, together with other substances, is formed when 
(II) is heated with aqueous sodium carbonate. (II), with 1°05 moles of carbonate, gives a 
syrup, extraction of which with benzene yields only a small amount of tetrahydrothioxin 
4: 4-dioxide. After extraction, the syrup solidified when kept for two months in vacuo over 
sulphuric acid, to give 2: 2-dihydroxydiethyl sulphone, also obtained by the oxidation of 
2: 2’-dihydroxydiethyl sulphide with hydrogen peroxide and acetic acid (cf. Levin, Joc. cit.). 
Both the syrup and 2: 2’-dihydroxydiethyl sulphone with warm aqueous sodium hydroxide 
give tetrahydrothioxin 4 : 4’-dioxide in ca. 80% yield. With 1 or 0°01 mole of hot aqueous 
sodium carbonate (V) gives tetrahydrothioxin 4: 4-dioxide in 97% yield, no dihydroxy- 
sulphone being formed. The complete reaction series is thus : 


-CH, 
SO,(CH,°CH,Cl), > SO,(CH,°CH,°OH), eral SO,(CH:CH,), aa O; ME 
ails 


Hot aqueous sodium hydroxide converts diallyl sulphone into 2: 6-dimethyltetrahydro- 
thioxin 4 : 4-dioxide, which is also formed by the hydrolysis of 2: 2’- or 3: 3’-dichlorodi-n- 
propyl sulphone. It is possible that, under the influence of alkali, the double bonds in diallyl 
sulphone migrate to the A*-positions, but it is more probable that the reaction proceeds via 
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the two A*- and Af-propenyl sulphones which are known to give the same 8-hydroxy-compound, 
and that the latter then loses water to give the thioxin derivative : 


(CH,CI-‘CHy'CH,),SO, —> (CH,°CH:CH),SO, ~_, eCHMe 
(CH,-CHCI-CH,),SO, —> (CH,CH:CH),SO, 7” H, CHMe”” 


The loss of hydrogen chloride from (II) to give (V) takes place at relatively low pH. Thus, 
at pH 8 and 38°, 96% of the chlorine is in the ionic condition after two and 99% after three 
hours. At pH 7°35 (Ringer phosphate buffer), the reaction is somewhat slower: at 38°, it 
is 53% complete in two and 75% complete in five hours. Loss of hydrogen chloride from 
3; 2’-dichlorodiethyl sulphoxide is much slower: at pH 8 and 38°, it is less than 2% in two 
and about 12% in five hours. When the sulphoxide is treated with hydrogen peroxide and 
a trace of a ferrous salt at pH 8 and 38°, rapid oxidation takes place, to give the sulphone which 
can be isolated in over 70% yield as its cysteine adduct (cf. Ford-Moore, Peters, and Wakelin, 
loc. cit.). Hydrogen peroxide alone is without action on dichlorodiethyl sulphoxide: in fact, 
the latter can be recrystallised unchanged from the 30% reagent; the presence of acetic acid 
will, however, bring about its oxidation to (II). 

Reactions with Amino-compounds and Amino-acids.—Lawson and Reid (loc. cit.) found that 
(II) and trimethylamine gave the diquaternary compound. With methylamine and sodium 
carbonate (II) gives 4-methyltetrahydrothiazine 1: 1-dioxide. The reaction between (V) 
and 2-aminoethanol has already been described (Ford-Moore, Lidstone, and Waters, J., 1946, 
819). With ethylenediamine, the expected compound (VI) is obtained. Aniline, as already 
mentioned, gives a mixture. 


any BiB, 
on gens Nn SO, O a 
CH,C H,CH, H,CO,- 


(VIL) 


The reaction between ny ) Sa a number of amino-acids has been examined, the compound 
formed being in all cases identical with that from (II) (and sodium carbonate). The tendency 
to ring-formation is very strong. Not only do the primary amino-acids, such as glycine, taurine, 
tyrosine, and anthranilic acid, give the expected tetrahydrothiazine 1: 1-dioxides, but ring 
compounds, having a betaine structure, are also formed from secondary amino-acids. Thus, 
sarcosine gives the compound (VII) and similar betaines are obtained from proline, piperidine- 
2-carboxylic acid, and N-methylsulphanilic acid. Cysteine, as already mentioned, reacts 
through the thiol groups rather than the amino-group (Ford-Moore,’ Peters, and Wakelin, 
loc. cit.). The tetrahydrothiazine dioxides from the primary amino-acids, of which those 
from tyrosine and taurine are typical, are relatively strong acids and can be titrated to a sharp 
end-point with barium hydroxide. The betaines from the secondary amino-acids cannot, 
of course, be so titrated. The compounds from the primary acids, with the exception of the 
taurine adduct, are somewhat sparingly soluble in cold water and can be crystallised therefrom. 
Several of them separate with solvent of crystallisation which is retained rather tenaciously. 

The reaction of tyrosine and «-alanine with (II) and with (V) at 38° and pH 8 (sodium hydrogen 
carbonate) has been investigated independently by us and by Wormall e al. (loc. cit.). With 
tyrosine, the reaction with (II) appeared to be complete in four and with (V) in two hours, 
the product being isolated in about 68% yield in each case. Alanine reacted somewhat more 
slowly, a 60% yield being obtained in eight hours with (II) and in six hours with (V). It seems 
most probable that the difference (two hours) between the times of reaction of (II) and of (V) 
is the time necessary for the sodium hydrogen carbonate to convert the unreactive (II) into the 
reactive (V). 

The reaction of (V) with tyrosine requires two hours, whereas that with cysteine is complete 
in less than five minutes (Ford-Moore, Peters, and Wakelin, Joc. cit.). 

Reactions with Thiols.—Thiols react very readily with (V) and also with sulphones containing 
only one vinyl group, provided that a minute trace of a basic substance (triethylamine, diethyl- 
amine, ammonia, etc.) is present. Considerable heat is evolved in the reaction with simple 
thiols such as thiophenol. When thiophenol and (V) [prepared by the “ calcium carbonate ” 
method (Ford-Moore, Peters, and Wakelin, Joc. cit.)] are mixed in a test-tube, no reaction takes 
place until a glass rod dipped in triethylamine is introduced into the mouth of the tube; a 
vigorous reaction then ensues, the temperature of the mixture rising spontaneously to >100° 
and the expected di(phenylthioethyl) sulphone (Alexander and McCombie, Joc. cit.) solidifying 
on cooling. 


[CH,-CH(OH)-CH,],SO, —> os 
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Reactions with Bromine.—Bromine adds very slowly to the ethylenic linkings of divinyl, 
2-chloroethyl vinyl, or p-tolyl vinyl sulphones, and the products lose hydrogen halide when 
treated with triethylamine in benzene. Divinyl sulphone gives two tetrabromides—1 part 
of one (described by Alexander and McCombie, Joc. cit.), m. p. 138°, sparingly soluble in cold 
carbon tetrachloride, probably the racemic compound, and 2°5 parts of a second, m. p. 72— 
73°, readily soluble in cold carbon tetrachloride, probably the meso-compound; with triethyl- 
amine in benzene, both forms give 2 : 2’- (or 1 : 1’-)dibromodivinyl sulphone, which by further 
treatment with bromine affords a mixture of hexabromodiethyl sulphone and tetrabromodivinyl 
sulphone. Diallyl sulphone reacts very rapily with bromine to give 2: 2’: 3 : 3’-tetrabromo- 
dipropyl sulphone, only one tetrabromo-compound being isolated in this case. 

Miscellaneous Compounds and Quaternary Derivatives of Tetrahydvothiazine 1 : 1-Dioxide.— 
Certain quaternary compounds containing the sulphone group have been prepared in the hope 
that they might exhibit marked toxic properties on injection; however, all these compounds 
had a relatively low order of toxicity. 

4-Methyltetrahydrothiazine 1 : 1-dioxide was selected for investigation because it is readily 
prepared and forms quaternary compounds with comparative ease with most halides. By the 
action of ethylene chlorohydrin, chloroacetamide, allyl bromide, ethyl chloroacetate, and 2- 
chloroethyl carbamate, the expected compound was obtained. When 4-methyl-4-allyltetra- 
hydrothiazinium 1 : 1-dioxide bromide was treated with bromine, the 1-2’ : 3’-dibromo-n-propyl 
compound was isolated. The 1-2’-hydroxyethyl derivative reacted with thionyl chloride, 
giving the corresponding 1-2’-chloroethyl compound (these compounds are the methochlorides 
of two of the quaternary compounds described by Ford-Moore, Lidstone, and Waters, Joc. cit.). 

The parent compound, tetrahydrothiazine 1 : 1-dioxide, cannot be prepared by the action 
of ammonia on divinyl sulphone. It was obtained by indirect means, 4-phenyltetrahydro- 
thiazine 1 : 1-dioxide being treated with nitrous acid and the p-nitroso-compound so obtained 
hydrolysed with alkali to quinone oxime and the desired compound. : 


EXPERIMENTAL. 


a 2-chloroethyl sulphone was prepared from thio-p-cresol by the method described by Ford- 
Moore, Peters, and Wakelin (Joc. cit.) for eee 2-chloroethyl sulphone. Crystallised from light 
petroleum (b. p. 40—60°), it had m. [Fromm and Kohn, Ber., 1921, 54, B, 320, give 71° 
(crystallised on ethanol)] (Found : Cc Ps a: H, 5-1. Calc. for CsH,,0,CIS: C, 49-4; H, 5-1%). 
On treatment with triethylamine in benzene, it gave p-tolyl vinyl sulphone, m. p. 66° [from light 
petroleum (b. p. 40—60°)] (I. G. Farbenind. A.-G., loc. cit., give m. p. 65—66°) (Found: C, 59-5; H, 
5-5. Calc. for THO, S: C, 59-3; H, 5-5%). 

2-Chlorodiethyl sulphone, obtained from 2-chlorodiethyl sulphide (Robinson, Ministry of Supply 
Communication) by oxidation with hydrogen peroxide in acetic acid, had m. p- 15° and b. p. 145— 
147°/8 mm. Ethyl vinyl sulphone, obtained from it by treatment with triethylamine in benzene, had 
b. p. 110—112°/8 mm. (Found: C, 39-7; H, 6-5. C,H,O,S requires C, 40-0; H, 6-7%). 

Diallyl sulphone obtained from the sulphide by hydrogen peroxide in acetic acid, had b. p. 128° ty 10 
mm. me loc. cit., gives b. p. 109°/3 mm.) (Found: C, 49-4; H, 7-0. Calc. for C,H,,0; S: C, 49 
H, 6-9%). 

Reactions with Alkali. 


2 : 2’-Dihydroxydiethyl Sulphone.—Thiodiglycol (25 g.) in glacial acetic acid (50 c.c.) was treated 
with 30% hydrogen peroxide. A vigorous reaction ensued which was completed by 1 hour’s boiling 
under reflux. Volatile material was removed on a steam-bath under reduced pressure, and the residue 
distilled first with water (50 c.c.) and then with ethanol (50 c.c.) under reduced pressure. The syrup, 
when. kept for 14 days in vacuo over sulphuric acid, solidified. It was freely soluble in water, ethanol, 
and acetone, and insoluble in chloroform and ethyl acetate. It was crystallised by boiling it with 
ethyl acetate and adding acetone till dissolution —, took place. Crystallisation occurred on storing 
this solution at 0° for 3 days, to give the somewhat h ge sulphone, m. p. 54—55° (Levin, loc. 
cit., gives m. p. 57—58°) (Found: C, 30-4; H, 6-6. Calc. for CgH,.O,S: C, 31-2; H, 65%). 


2: 2’-Dichlorodiethy] su — (38 g.), sodium carbonate (23 g.), and water ‘(15 c.c.) were heated 


under reflux for 1 hour and then e ae ey to dryness under reduced pressure. The residue was 
extracted with hot ethanol and filtered, the filtrate evaporated to dryness, and the residue extracted 
with boiling benzene. The benzene extract on concentration gave tetrahydrothioxine 4 : 4-dioxide 
(2 g.), m. p. 134°. The insoluble syrup (26 g.) from the benzene extraction solidified when kept for 
2 months in vacuo over sulphuric acid. It was purified by crystallisation from ethyl acetate and acetone 
and identified as dihydroxydiethyl sulphone. Both the syrup and dihydroxydiethyl sulphone 
(prepared from thiodiglycol) gave tetrahydrothioxine 4: 4-dioxide in 80% yield when warmed with 
aqueous sodium hydroxide. 

If, after 2 : 2’-dichlorodiethyl sulphone (38 g.), sodium carbonate (23 g.), and water (75 c.c.) had 
been boiled under reflux for 1 hour, a further 23 g. of sodium carbonate in 90 c.c. of water were added 
and heating was continued for a further hour, the product, on being worked up similarly, yielded tetra- 
hydrothioxine 4 : 4-dioxide (14 g.) and a syrup (9 g.), which with hot sodium hydroxide gave a further 
6 g. of tetrahydrothioxine 4 : 4-dioxide. 

Diallyl sulphone (4-5 g.), sodium carbonate (0-4 g.), and water (25 c.c.) were heated und+, reflux 
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for 1 hour, neutralised with hydrochloric acid, and evaporated to dryness. Tetrahydrothioxin 
4: 4-dioxide (5 g.) was obtained. No syrup appeared to be formed... 

2 : 6-Dimethyltetrahydrothioxin 4 : 4-Dioxide.—3 - 3’-Dichlorodipropyl sulphone, m. p. 64—65°- 
(Bennett and ock, loc. cit., give m. p. 65—66°) (45 8). in ethanol (50 c.c.) was boiled with ethanolic 
potassium hydroxide (27 g. in 150 c.c.) for 2 hours and then filtered, and the filtrate evaporated to dry- 
ness. On distillation under reduced pressure, a fraction, b. Pp 137—150°/10 mm., was obtained. The 
crystals that were gradually d ited were filtered off and crystallised from light petroleum (b. p. 
40—60°), then having m. p. 103—104° (Hunt and Marvel, J. Amer. Chem. Soc., 1935, 57, 1691, give 
m. p. 102°) (Found: C, 43-6; H, 7-6. Calc. for C,H,,0,S: C, 43-8; H, 7:3%). 

2: 2-Dichlorodi-n-propyl sulphide (from I-chloropropan-2-ol and sodium sulphide, followed by 
thionyl chloride) gave, on oxidation, the sulphone, m. p. 23°, b. P: 155—156°/4 mm. This sulphone 
(4 g.) was boiled with 20% aqueous sodium hydroxide (20 c.c.) for 3 hours; after cooling, the solid 
was collected and a rom light petroleum; it had m. p. 103—104°, not altered on admixture 
with the compound from 3 : 3’-dichlorodi-n-propyl sulphone. 

Diallyl sulphone (2 g.) and 20% aqueous sodium hydroxide (10 c.c.) were boiled for 0-5 hour. The 
solid material, crystallised from light petroleum, had m. p. 103—104°, not altered on admixture with 
the compounds from 2 : 2’- and 3 : 3’-dichlorodi-n-propyl sulphones. 


Reactions with Bromine, 


1:1’: 2: 2’-Tetrabromodiethyl Sulphone (Two Isomers).—Diviny] sulphone (21 g.) in chloroform 
(150 c.c.) was treated with bromine (57 g.). Decolorisation was complete in about 18 hours. After 
removal of the solvent, the residue was crystallised from carbon tetrachloride, giving the tetrabromide 
(14 g.), m. p. 138° (Alexander and McCombie, Joc. cit., give 138°). The carbon tetrachloride mother- 
liquor was evaporated to dryness, and the residue crystallised three times from light petroleum (b. p. 
60—80°); the resulting isomer (36 g.) melted at 72—73° (Found: C, 10-9; H, 1-45. C,H,O,Br,S 
requires C, 11-0; H, 1-4%). 

1 : 2-Dibromo-2’-chlorodiethyl Sulphone.—2-Chloroethyl vinyl sulphone (25-5 g.) in chloroform 
(100 c.c.) was treated with bromine (35 §). The product, isolated as above, had m. p. 63—64° (from 
carbon tetrachloride) [Kretov, J. Russ. Phys. Chem. Soc., 1930, 62, 1, gives m. p. 62° (from ethanol)] 
(Found: C, 14-9; H, 2-25. Calc. for C,H,O,CIBr,S: C, 14-8; H, 2-2%). 

2:2’- (or 1:1’-)Dibromodivinyl Sulphone.—1 : 1’ : 2: 2’-Tetrabromodiethyl sulphone, m. p. 138° 
(10-5 g.), in warm benzene (100 c.c.), was treated with triethylamine (7 c.c.). After being kept over- 
night, the mixture was filtered and the filtrate evaporated to dryness. On addition of light petroleum 
(b. p. 40—60°), the residue crystallised. Twice recrystallised from this solvent, the product had m. p. 
58—59° (Found: C, 17-4; H, 1-55. C,H,O,Br,S requires C, 17-4; H, 1-5%). 

When the isomer, m. p. 72—73°, was similarly treated, a product, m. p. 59—60°,. was obtained. 
The m. p. was not altered on admixture with the foregoing compound. 

2- (or 1-)Bromodivinyl sulphone was prepared similarly by treating 2-chloro-1l’ : 2’-dibromodiethyl 
sulphone (11 g.) with triethylamine (23 c.c.) in benzene (200 c.c.) and had b. p. 137°/22 mm. (Found : 
Br, 40-5. C,H,O,BrS requires Br, 40-55%). 

Hexabromodiethyl Sulphone and Tetrabromodivinyl Sulphone.—2 : 2’-Divinyl sulphone (4-5 g.) in 
carbon tetrachloride (70 c.c.) was treated with bromine (5-5 g.). Some hydrogen bromide was evolved 
and after 18 hours crystals had separated. These were filtered off, the filtrate was evaporated to dry- 
ness, the residue treated with warm carbon tetrachloride (25 c.c.), and the insoluble material added to 
the crystals already collected. Crystallised from carbon tetrachloride, in which it was sparingly 
soluble, and then from acetone-ethanol, hexabromodiethyl sulphone had m. p. 188° (decomp.) (Found : 
Br, 81-0. C,H,O,Br,S requires Br, 80-5%). The carbon tetrachloride extract was evaporated to 
dryness and the residue twice crystallised from light petroleum (b. P. 60—80°), giving tetrabromodivinyl 
sulphone, m. p. 94° (Found: Br, 73-7. C,H,O,Br,S requires Br, 73-7%). 

2:2’: 3: 3’-Tetrabromodi-n-propyl Sulphone.—Bromine (2-5 c.c.) was added to a solution of diallyl 
sulphone (3-2 g.) in chloroform (25 c.c.). Decolorisation took place rapidly and, after removal of the 
solvent, the residue crystallised on addition of light petroleum. Twice crystallised from carbon tetra- 
chloride, the tetrabromide had m. p. 102—103° (Levin, loc. cit., gives m. p. 98—100°) (Found: Br, 68-4. 
Calc. for C,H,,0,Br,S: Br, 68-6%). 

p-Tolyl 1: 2-Dibromoethyl Sulphone.—p-Tolyl vinyl sulphone reacted slowly with bromine in 
chloroform. The dibromide, after removal of the solvent, crystallised from light petroleum (b. P; 60— 
80°) and then had m. p. 78—79° (Found: C, 32-0; H, 2-9. C,H,,O,Br,S requires C, 32-6; H, 2-85%). 


This product, on treatment with triethylamine.in benzene, gave p-tolyl 2- (or qrcee wme sulphone, 


74—75° (from light petroleum); (Found: C, 41-75; H, 3-9. C,H,O,BrS requires 


m. p: 41-4; H, 
35%); on admixture with the tetrabromide, it melted at 50—55°. 


Reactions with Amino-compounds, 


4-Methyltetrahydrothiazine 1 : 1-Dioxide.—Divinyl sulphone (4-6 g.) in ethanol (8 c.c.) was added 
to a 33% ethanolic solution of methylamine (12 c.c.). eat was developed and, after removal of the 
ethanol, the product (5 g.) solidified. It was distilled under reduced pressure and then had b. p. 148°/6 
mm. and m. p. 86° (after crystallisation from benzene-light petroleum (Lawson and Reid, loc. cit., 
give m. p. 82°, b. p. 174-5—175°/19 mm.)._ The hydrochloride was prepared by adding dry hydrogen 
chloride to a benzene solution of the base (Found: Cl-, 19-25. Calc. for C,H,,O,NCIS: Cl-, 

Bis(trimethylammoniumethyl) Sulphone Dichloride, SO,((CH,],"NMe,Cl),-—Di lyl sulphone (1-2 g.) 
and trimethylamine hydrochloride (2 g.) were set aside in warm ethanol (7 c.c.) containing a trace of 
triethylamine. The solid that had separated in 3 hours was collected and crystallised from absolute 
ethanol. It melted at 214° (Lawson and Reid, Joc. cit., give m. p. 211-5°) with evolution of gas; it then 
solidified and remelted with decomposition at 264—267° (Found : Cl-, 22-7. Calc. for C,gH,,0,N,C1,S : 
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Cl-, 22-9%). The “m. p.,” 214°, is my were es the tem ture at which the dichloride regenerates the 
starting materials, 264 267° being p. (decomp.) of trimethylamine hydrochloride. 

2 : 2’-Dianilinodiethyl Sulphone and 4-Phenylietrahydrothiazine 1: 1-Dioxide—(i) 2 : 2’-Dichloro- 
diethyl sulphone (20 g.) and aniline (61 g.) were heated on a steam-bath for 2 hours. The mixture was 
diluted with water and made strongly alkaline with sodium hydroxide, and the excess of aniline removed 
by steam-distillation, 25 g. being recovered. The organic residue from the steam-distillation was 
boiled with dilute hydrochloric acid. Cooling in ice caused whe ne of 4-phenyltetrahydrothiazin 
1 : 1-dioxide (8-5-g.), m. p. 122° (from methanol) (Helfrich and loc. cit., give m. p. 123-5°). The 
acid extract, when made alkaline, gave 2 : 2’-dianilinodiethyl sulphone as a sticky solid that crystallised 
a 1 — Recrystallised from methanol, this had m. p. 95—96° (Alexander and McCombie, loc, 

cit., m. p. 94—95°). With acetic anhydride, it gave a diacetyl derivative, m. p. 133—134° (from 
ethanol) (Found : C, 61-05; H, 6-3; N, 7-4. Cy H,,0,N,S requires C, 61-85; H, 6-2; N, 7-2%). 

(ii) Divinyl sulphone (6 g.) and aniline (4-7 g.), similarly treated, gave 4-phenyltetrahydrothiazine 
1 : 1-dioxide (6 g.), m. p. 123° and 2 : 2’-dianilinodiethyl sulphone (1- 5g.), m. p. 94—95°. 

(iii) Divinyl oped (6 g.) and aniline (10-3 g.) gave the thiazine dioxide (8 g.), m. p. 94—95°, but 
no dianilinodiethyl sulphone. 

Ethylenebis-(d-tetral ydrothiazine 1 : 1-Dioxide) (VI).—Two equivs. of divinyl sulphone were treated 
with one equiv. of aqueous ethylenediamine. Heat was developed and, iar the reaction had ceased, 
the mixture was ie ge to dryness. The product, crystallised from water, had m. p. 211—213° 
(Found: C, 40-3; 6-85. CH ,O,N,S, requires C, 40-5; H, 68%). The dihydrochloride was 
extremely hygroscopic (Found : a: —, 18-35. CipH20,N,C1,S requires Cl-, 19-2%). 


Reactions with Amino-acids. 


The tetrahydrothiazine dioxide derivatives were prepared from 2 : 2’-dichlorodiethyl sulphone (II) 
by the methods of Cashmore and McCombie, and Lawson and Reid (/occ. cit.), viz., by heating equivalent 
quantities of the sulphone, amino-acid, and sodium carbonate in aqueous solution. 

For experiments with divinyl sulphone (V), a similar procedure was adopted, but the sodium 
carbonate was omitted. 

The condensation product generally separated during the reaction or on cooling the mixture. That 
with taurine was somewhat soluble in water but could be crystallised from a small amount thereof. 
The following were thus obtained. 

f-Phenyl-a-tetrahydro-4-thiazinylpropionic acid 1 : 1-dioxide [from mupeenion: (II), and sodium 
carbonate], m. p. 174—175° (Lawson and Reid, Joc. cit., give m. p. 176) [ie {from (V)], m. p. 174—175°, 
not altered on admixture with the product from (II). 

B-p-Hydroxyphenyl-a-tetrahydro-4-thiazinylpropionic acid 1: 1-dioxide [from tyrosine, (II), and 

carbonate], needles (from soe m. p. 230° (decomp.) [Wormall et al., loc. cit., give m. p. 220-5— 
221-5° (decomp.)] (Found: C, 50-8; H, 5-9; N, 4-5; S, 10-9. Calc. for C13H,,0,NS, 4H,O: C, 50-6; 


H, 5-9; N, 4:5; S, 10-4%); {from (V)] needles (from water), m. p. 230° (decomp.), not altered on 
admixture with the compound from (II). 
The compound was odin under conditions approaching the biological as follows. Tyrosine 


sv" 5 g.), (ri) 3. 5 5g). | m anes carbonate (10 g.), and water (100 c.c.) were stirred at 38° for 

4 hours, during whic the tyrosine dissolved. After filtration from a small amount of impurity, 
the filtrate was oa oa nail to Congo-red with hydrochloric acid. The product was filtered off and 
crystallised from water. Yield, 4 g.; m. p. 230° (decomp.). 

Tyrosine (4-5 g.), (V) (2-5 g.), sodium carbonate (12 g.), and water (120 c.c.) were stirred at 38°. 
The reaction was complete in 2 hours, and the product was isolated by acidification. Yield, 5-5 g.; 
needles (from water), m. p. 230° (decomp.). 

arboxyphenyltetra ydrothiazine | : 1-dioxide [from anthranilic acid, (II), and sodium carbonate], 
fine needles (from water), m. p. 230—231° (decomp.) [Found: C, 50-0; H, 5-2%; equiv. (by titration 
with barium hydroxide), 268. C,,H,,0,NS,4H,O requires C, 50-0; H, 53%; equiv., 264]; [from 
(V)] fine needles (from 50% ethanol), m. p. 231° (decomp.), not altered on ixture with the 
compound from (IT). 

4-2’-Sulphoethyltetrahydrothiazine 1 : 1-dioxide [from (II), taurine, and sodium carbonate], crystallised 
from a small amount of water, decomposed, without melting, at 295—300° (Found : C, 29-5; H, 5- 3%: 
equiv., 238. C,H,,;0,NS, — C, 29-6; H, 5-4%; equiv., 243). A silver salt was ‘crystallised fr om 
water (Found: Ag, 29-1; 4-95. C,H,,0,NS,Ag, H,O requires Ag, 29-3; H,O, 49%). The 
acid, obtained from taurine and (vy (V), crystallised from a small amount of water and then decomposed, 
without melting, at 297—300° (Found : uiv., 246). 

a-Tetrahydro-4-thiazinylpropionic acid 1 : 1-dioxide [from (II), a-alanine ethyl ester hydrochloride 
and sodium carbonate] did not crystallise and was hydrolysed to the free acid, which was purified 
a the sparingly soluble copper salt and then had m. p. 187—188° (Wormall, et al., loc. cit., give 

. 186°) (Found : equiv., 206. Calc. for C,H,,0,NS: equiv., 207). 
e compound was also ‘prepared under conditions approaching the biological as follows. (V) (5 g.) 
a (4:5 g.), sodium hydrogen carbonate (5 g.), and water (100 c.c.) were stirred at 38° ior 6 
Th — and treated with copper carbonate. The 
with hydrogen sulphide, giving 6-5 g. 
from 80% ethanol, it had m. p. 186—187°. 

ydrogen carbonate was omitted. 

The pred was ‘= y abet by allowing (II) (5 g.), pt-a-alanine (2-7 g.), sodium hydrogen 
carbonate nate (Tg). .), and water (100 c.c.) to react at 38° for 8 hours. The product was isolated as previously 
described ield, 4 g.; m. p. 187° (from 80% ethanol). 

thiazin acid 1 : I-dioxide [from (V) and f-alanine] did not crystallise 
and was converted into its hydrochloride, m. p. 204—206° (decomp.) (from 80% ethanol) (Found: Cl-, 
14-6. C,H,,0O,NCIS requires Cl-, 14-55%). 
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Tetrahydro-4-thiazinylacetamidoacetic acid 1: 1-dioxide [from (V) and glycy ine] (from 95% 
thanol) had m. p. 201—202° (Found : equiv., 255. C,H,,O,N,S i i So. 

4-Methyl-4-carboxymethyltetrahydrothiazine 1 : 1-dioxtde i (V)] crystallised 
from a small amount of water and had m. p. 240° (decomp.) (Found: C, 40-4; H, 6-3; N, 6-75. 
C,H,s;0,NS requires C, 40-6; H, 6-3; N, 68%). The derived chloride formed fine needles from dilute 
ethanol containing a little hydrochloric acid (Found: Cl~, 14-45. C,H,,O,NCIS requires Cl-, 


2’- olidine-1’-spiro-4-tetrahydrothiazine 1: 1-dioxide betaine [from (V) and proline] had 
m. p. 226° (decomp.) (175—185° on admixture with proline) [Found : H,O (loss at 110°/5 mm.), 13-3. 
C,H,,0,NS,2H,O requires H,O, 13-4%]. The derived chloride, crys from 50% ethanol, had 
m. p 263—265" (decomp.) (Found : Ci-, 13-1. C,H,,O,NCIS requires Cl-, 13-2%). 
2’-Carboxypiperidine-1’-spiro-4-tetrahydrothiazine 1 : 1-dioxide betaine [from (V) (2-6 g.) and piperidine- 
2-carboxylic acid tetrahydrate (5 g.) in water (25c.c.), boiled for 3 hours and then evaporated] crystallised 
from ethanol and had m. p. 218—221° (decomp.) (Found: C, 48-5; H, 6-9; N, 5-5. C,H,,0O,NS 
requires C, 48-5; H, 6-9; N, 5-7%). The derived chloride was obtained by evaporation with hydro- 
chloric acid and had m. p. 247° (decomp.) (Found: Cl~, 12-5. C,9H,,0,NCIS requires Cl-, 12-5%). 
4-p-Sulphophenyl-4-methyltetrahydrothtazine 1 : 1-dioxide betaine [from (V) and N-methylsulphanilic 
acid] crystallised from hot water in which it was sparingly soluble and had m. p. 264—265° (decomp. ) 
[Found: H,O (loss at 110°/3 mm.), 109%; equiv., 341. C,,H,,0,NS,,2H,O requires H,O, 10-6%; 

iv., 341}. 
oa". (8 : «-Dikydroxyphen l)tetrahydvo-4-thiazinylpropionic acid 1: 1-dioxide [from (V) (1-2 g.), 3: 4- 
dihydroxyphenylalanine (2-0 g.), water (20 c.c.), and triethylamine (1 drop); the product ted 
during 2 hours’ boiling] crystallised from water, in which it was sparingly soluble, in felted needles, 
m. p. 239° (decomp.) (Found: C, 49-6; H, 5-5. C,,;H,,O,NS requires C, 49-5; H, 5-4%). It is 
sparingly soluble in boiling ethanol and acetic acid. 

B-(3 : 4-Dimethoxyphenyl)tetrahydro-4-thiazinylpropionic Acid 1:1-Dioxide—(V) (1:2 g.), 3:4- 
dimethoxyphenylalanine (2-4 g.), water (20 c.c.), and triethylamine (1 ate 4 were heated under reflux 
for 2 hours. On cooling, a sticky solid separated. This was dissolved in cold sodium hydrogen 
carbonate, the solution was filtered, the filtrate acidified with hydrochloric acid, and the compound 

recipitated by the addition of sodium acetate. The acid, which is soluble in cold ethanol, crystallised 
rom water and then had m. p. 172—173° (Found: C, 52-4; H, 6-3. C,,;H,,O,NS requires C, 52-5; 
H, 6-2%). 
Te ahylrctidasine 1: 1-Dioxide.—4-Phenyltetrahydrothiazine 1 : 1-dioxide (38 g.) and hydrochloric 
acid (150 c.c.; d 1-18) were treated with crushed ice till the temperature fell to 0°. A solution of sodium 
nitrite (12 g.) in water (40 c.c.) was added with hand-stirring, and the temperature kept below 5°. After 
0-5 hour, the brown nitroso-hydrochloride was filtered off. The moist product was added to 2n- 
ammonia (170 c.c.), the mixture warmed to 35°, and the free base filtered off. The moist nitroso- 
compound was mixed with water (150 c.c.), 10% aqueous sodium hydroxide (100 c.c.) added, and the 
mixture heated under reflux for 1-5 hours. After cooling, the mixture was acidified to Congo-red with 
hydrochloric acid, the quinone oxime filtered off, and the filtrate extracted once with ether, the extract 
being discarded. The aqueous portion was decolorised (charcoal), made alkaline with sodium carbonate, 
and evaporated to dryness. The residue was extracted several times with ethanol, the ethanol distilled 
off, and the residue fractionated in vacuo, the portion, b. p. 162°/9 mm. (9 g.), being collected. After 
crystallisation from benzene, 8-5 g. of pure 4—peeangdictrahydrothiazine 1 : 1-dioxide, m. p. 68—69°, were 
obtained (Found: C, 36:2; H, 6-9; N, 10-6. C,H,O,NS requires C, 35-5; H, 6-7; N, 10-4%). Its 
hydrochloride, obtained by evaporation with hydrochloric acid and crystallsed from 90% ethanol, had 
m. p. 297° (decomp.) (Found: Cl-, 20-6. C,H,O,NCIS requires Cl-, 20-7%). The platinichloride was 
recipitated as orange plates on addition of aqueous platinic chloride to the hydrochloride (Found : 

, 28-45. 2C,H,O,NS,H,PtCl, requires Pt, 28:7%). 

Tetrahydrothiazine 1 : 1-dioxide (1 g.), ethyl chloroacetate (1 g.), and sodium carbonate (1 g.) were 
heated on a steam-bath for 9 hours, and the product was extracted with ethanol. After removal of 
the ethanol and crystallisation of the residue twice from benzene-light petroleum, ethyl tetrahydro-4- 
thiazinylacetate I : 1-dioxide was obtained, having m. p. 72°, not altered on admixture with an authentic 
specimen prepared from Fs bear ester hydrochloride, 2: 2’-dichlorodiethyl sulphone, and sodium 
carbonate \Comhantes and McCombie, /oc. cit., give m. p. 72—73°). 


Reactions with Thiols, 


Di-(0-carboxyphenylthioethyl) Sulphone—Equimolar portions of o-mercaptobenzoic acid and divinyl 
sulphone were warmed in aqueous su sion. The product, crystallised from ethanol, had m. p. 217— 
218° (Found: C, 50-1; H, 4-35. C,,H,,0,S, requires C, 50-7; H, 4-26%). 

2-Chloro-2-(0-carboxyphenylthio)diethyl sulphone, obtained when equimolar portions of 2-chloro- 
ethyl vinyl sulphone and o-mercaptobenzoic acid were warmed in aqueous suspension, and crystallised 
from water, melted at 164° (145° after admixture with o-mercaptobenzoic acid, m. p. 164°), but could 
not be com ly purified (Found: C, 44-7; H, 4:8. C,,H,,;0,CIS requires C, 42-8; H, 4-2%). 

p-Tolyl 2-Phenylthioethyl Sulphone.—p-Tolyl vinyl su e and thiophenol were treated with a 
trace of triethylamine. Heat was developed and the product solidified on cooling. The thio-sulphone, 
ore: Hom) ethanol, had m. p. 139—140° (Found: C, 61-6; H, 5-7. C,,;H,,0,S, requires C, 

’ , or ‘O/;* 

p-Tolyl 2-0-carboxyphenylthioethyl hone, similarly By tates by use of o-mercaptobenzoic acid, 
had m. p. 203—204° (from ethanol) [Found: equiv. (by titration with barium hydroxide), 333. 
C,,H, 5 requires equiv., 336). 
2-Chloro-2’-(2’’-amino-2”’-carboxyethylthio)diethyl sulphone, p ed from 2-chloroethyl vinyl 
He pees eh ride, and sodium acetate in aqueous solution, and crystallised from water, 

m. p. 188—189° (decomp.) (Found: C, 30-9; H, 5-2. C,H,,0,NCIS, ires C, 30-5; H, 5-1%). 
2-Phenylthiodiethyl Sulphone.—When ethyl vinyl sulphone was mixed with thiophenol and a trace 
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of triethylamine, heat was developed. The product, purified by distillation in vacuo, had b. p. 202— 
gg 2-5 mm. and then solidified and melted at 36—38° (Found: C, 52-3; H, 6-2. CH ,,0,S, requires 
, 52-15; H, 61%). 

2-0-Carboxyphenylthiodiethyl sulphone, prepared from ethyl vinyl sulphone and SRY green. 
acid, ia + aa from ethanol and had m. p. 158—160° (Found: equiv., 275. C,,H,,0,S, requires 
equiv., 273). 

Phenyl 2-2’-Hydroxyethylthioethyl Sulphone.—This compound was prepared from phenyl vinyl 
sulphone and 2-mercaptoethanol but could not be purified and was characterised as its p-nitrobenzoate, 
m. p. 107° (from ethanol) (Found: C, 51-7; H, 4-3. C,,H,,O,NS, requires C, 51-65; H, 4-35%). 


Quaternary Compounds. 

4-Methyltetrahydrothiazine | : 1-dioxide was warmed on a water-bath with the appropriate halogen 
compound. The quaternary compound was purified by washing it with absolute ethanol and crystallis- 
ing it ae boiling ag ethanol and adding water dropwise till dissolution just took place. The following 
were thus p . 

4-Methyl-4-carbethoxymethyltetrahydrothiazinium 1: 1-dioxide chloride (by ethyl chloroacetate), 
m. p. 245—250° (decomp.) (Found: Cl-, 12-8. C,H,,0,NCIS requires Cl-, 13-05%). 

4-Methyl-4-carbonylmethyltetrahydrothiazinium 1: 1-dtoxide chloride (by chloroacetamide), decomp. 
228° without melting (Found: Cl-, 14-5. C,H,,0,N,CIS requires Cl-, 14-6%). 

4-Methyl-4-2'-hydroxyethyltetrahydrothiazinium 1: \-dioxide chloride (by ethylene chlorohydrin), 
decomp. 248° without melting (Found: Cl-, 15-3. C,H,,0,NCIS requires Cl-, 15-4%). 

4-Methyl-4-2’-chloroethyltetrahydrothiazinium 1 : 1-dioxide chloride (by the action of thionyl chloride 
- ba on elk a m. p. 223° (decomp.) (Found: C, 33-9; H, 6-0. C,;H,,0,;NCI,S requires 

’ rn > , 6-1 ‘O/- 

4-Methyl-4-allyltetrahydrothiazinium 1 : 1-dioxide bromide (by allyl bromide), decomp. 275° without 
melting (Found: Br-, 29-4. C,H,,0,NBrS requires Br~, 29-6%). When warmed with bromine in 
aqueous solution, this compound gave 4-methyl-4-(2’ : 3’-dibromopropyl)tetrahydrothiazinium 1 : 1- 
dioxide bromide, decomp. 198° without melting (Found: Br-, 18-35; total Br, 54-65. C,H,,O,NBr,S 
requires Br~, 18-6; total Br, 55-8%). 

4-Methyl-4-2’-carbamyloxyethyltetrahydrothiazinium 1 : 1-dioxide chloride (by 2-chloroethyl carbamate; 
the reaction required 24 hours’ heating on a steam-bath), m. p. 224° (decomp.) (Found: Cl-, 12-8, 
C,H,,0,N,CIS requires ci~, 13-0%). 


The author acknowledges valuable assistance from Mr. A. G. Lidstone and is also indebted to Mr. 

D. J. Marsh for help with the practical work. The microanalyses were carried out by Messrs. G. 

— and F. E. Charlton. This paper is published by permission of the Chief Scientist, Ministry of 
upply. 
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513. Aromatic Hydrocarbons. Part LIII. 7: 8-Benzheptaphene. 


By E. Crar. 


Triphenylene was condensed with two molecules of phthalic anhydride. The resultant 
dicarboxylic acid was submitted to a double ring-closure, and the diquinone so obtained was 
reduced to a hydrocarbon, which from its properties and by analogy with the condensation 
of triphenylene with one molecule of phthalic anhydride is regarded as 7 : 8-benzheptaphene (IV). 


TRIPHENYLENE (I) reacts at position 2 with phthalic anhydride and aluminium chloride. Ring 
closure gives 1: 2:3: 4-dibenznaphthacene-6 : 1l-quinone. No isomeric quinone could be 
observed (Clar, Chem. Ber., 1948, 81, 68). Triphenylene reacts thus much more simply than 
phenanthrene which yields several isomers. The reason obviously is that reaction at the 
position 1, 4, 5, 8, 9, or 12 would correspond to a direct substitution at position 4 of phenanthrene, 
which has never been observed. 

From this point of view, the result of the condensation of triphenylene with two molecules of 
phthalic anhydride should be disubstitution at positions 2:6, or 2:7, or 3:5. When this 
reaction was carried out in tetrachloroethane at 60—80°, a dicarboxylic acid was obtained which 
from its indefinite melting point evidently consisted of a mixture of isomers. This mixture 
yielded on ring closure with benzoyl chloride a homogeneous diquinone (III). 

7 : 8-Benzheptaphene (IV) was obtained by the reduction of the diquinone (III) with zinc 
dust, pyridine, and acetic acid. 7: 8-Benzheptaphene which contains a double naphthacene 
structure with four linearly condensed rings, formed dark yellow needles, and resembled in its 
appearance 1: 2:3: 4-dibenznaphthacene (Clar, Chem. Ber., 1948, 81, 68). The absorption 
spectrum is of the hexaphene type: the middle region (maxima at 4380 and 41804.) was 
related to the excitation of one electron in a para-bond, predominantly dependent on the 
number of linearly condensed rings, and is almost in the same position as in hexaphene (V) 
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(Clar, Ber., 1940, 78, 82); the first (maximum at 4850 a.) and the last region (maxima at 3850, 
3650, 3450, and 3220.) are considerably shifted to the red, owing to the more extended 


“ phene structure.” 
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EXPERIMENTAL, 


Di-2 : 6-0-carboxybenzoyltriphenylene (II) and 2:7- and 3:6-Isomers.—Phthalic anhydride (16 g.) and 
powdered aluminium chloride (30 g.) in tetrachloroethane (70 c.c.) were heated at 60°, and triphenylene 


(V.) 








Absorption spectrum of 
Iv) 4 


7 : 8-benz, hene ( in iri- 

pA Aad mn 
Absorption spectrum of 

hexaphene (V) in benzene. The 

hydrocarbon was further purified by 

@ fractional treatment with maleic 3 

anhydride and melted at 325°. 

Band maxima : 4670, 4400, 4140, 

3910, 3580, 3405, 3250, 3090, and 

3000 a. 








i a. 
A,A 





(5-5 g.) was gradually added. After being heated for } hour at 80°, the mixture was decomposed with 

dilute hydrochloric acid. The tetrachloroethane layer was . , and extracted with dilute 

aqueous - aaa The alkaline extracts were boiled, filtered, and acidified with hydrochloric acid.. The 
T : 
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dicarbo. We Sees wane seeyeainans: Sam Caeat’ and Sanned gebh pillow strlen, m. p. 230—250° 
(uncorr.), which dissolved in concentrated sulphuric acid to give a brown solution, which afterwards 
became violet (Found: C, 78-2, 77-4; H, 3-8, 3-8. C,,H,,O, requires C, 77-8; H, 3-8%). 

7 : 8-Benzheptaphene-5 : 18: 10: 15-diquinone (III). The above dicarboxylic acid (7 g.), nitrobenzene 
(150 c.c.), benzoyl chloride (20 c.c.), and concentrated sulphuric acid (1 c.c.) were heated to the bo’ 
— for 20 minutes. The solution became first violet and then reddish-brown. The diquinone ef 

on cooling was filtered off and washed with nitrobenzene and ether. On repea 
tion from nitrobenzene the diquinone yielded greenish-yellow crystals, m. p. 435° (uncorr.; 
evacuated feapillary), which dissolved in concentrated sulphuric acid to give a red solution. A violet vat 
was formed with sodium dithionite, which soon became brown (Found: C, 83-5; H, 3-4. C,,H,,0, 
requires C, 83-6; H, 3-3%). 

7$ 8-Benzheptaphene V).—The di adiod deovetos (3 g.), zinc dust Ales g.), and pyridine (150 c.c. 23 were boiled 
and acetic acid (80%; 50 c.c.) was e solution was first red and ~ 
yellow. After 5 hours the solution was aunaten ro the zinc dust and poured into water. “Su limation 
of the washed precipitate in a vacuum yielded ap manga Recrystallised from capt 
naphthalene, 7 : 8-benzheptaphene formed dark yellow n S p. 410° (uncorr.; evacuated — 
(Found : C, 95-2; H, 4-9. Cs,H4» requires C, 95-1; H, 47%), which dissolved in concentrated su oe 
acid to give a violet red solution, which soon became brown. The fluorescence in organic solvents is blue- 
green. 


This work was carried out during the tenure of an I.C.I. Research Fellowship, for which I express my 
indebtedness. 


UNIVERSITY OF GLASGOW. [Received, April 11th, 1949.] 





514. Valence Vibration Frequencies and Hydrogen Bond Formation of 
Sulphoxide and Sulphone Growps. (Absorption Spectra and Stricture 
of Organic Sulphur Compounds. Part V.) 


By D. Barnarp, Joyce M. Fasian, and H. P. Kocu. 


The existence of characteristic infra-red frequencies in molecules incorporating the sulphone, 
sulphoxide, or selenoxide groups is established, and the observed frequencies are compared with 
the known bond-stretching vibration frequencies of sulphur monoxide, sulphur dioxide, and 
their halogen derivatives. Molecular-aggregation effects in the liquid and crystalline states 
are described. Hydrogen-bond formation with methyl alcohol or chloroform decreases the 
characteristic S-O bond-stretching frequencies; sulphoxides form stronger hydrogen bonds 
than do sulphones. It is unambiguously demonstrated that the sulphur—oxygen link is nearly 
a covalent double bond and contains a minor proportion of the polar co-ordinate single-bond 
structure which is relatively more important in sulphoxides than in sulphones. Substitution of 
electronegative halogen groups on the sulphur atom diminishes the fractional negative charge 
on the oxygen and increases the strength of the S-O bond. Infra-red measurements fail to 
reveal the existence of conjugation in the ground states of aromatic sulphoxides and sulphones. 


In connection with a current investigation of the course of oxidation of certain types of organic 
sulphide, it became necessary to search for a sensitive and specific method of detection and 
determination of organic sulphoxides and sulphones. Infra-red spectroscopy obviously suggested 
itself as a promising diagnostic and analytical tool, but, surprisingly enough, no previous , 
infra-red absorption measurements on sulphoxides or sulphones could be found in the literature. 
A thorough exploration of this field therefore appeared desirable, not only because of its 
potential value in chemical analysis, but more fundamentally because of the probable important 
bearing of a systematic study of S-O bond-stretching vibration frequencies on the vexed problem 
of the electronic nature of this linkage. Two alternative points of view have been persuasively 
argued in the past, mainly by Sutton and his school (J., 1945, 146; cf. also Fehnel and Carmack, 


Ri ys R, 
8 
(Ia.) (Ib.) (IIa.) (I1b.) 


J. Amer. Chem. Soc., 1949, 71, 231, and Koch, this vol., p. 408) who regard the S—O link as 
essentially a covalent double bond involving expansion of the sulphur valency octet (Ia) and 
(IIa), and by Arndt and Eistert (Ber., 1941, 74, 451; cf. also Vogel, J., 1948, 1833, and Wells, 
ibid., 1949, 55) who formulate a polar co-ordinate single bond in all such compounds (Ib) and 
(IIb). This controversy may now be resolved as the result of considerations involving the 
hitherto unknown vibration frequencies and relative hydrogen-bonding effects of sulphoxides 
and sulphones which are described in the present paper. 
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EXPERIMENTAL. 


output was ershed pen hich pro I ndent 
registration of wave-length calibration marks corresponding to regular angle increments of the Littrow 
mirror drive. A bilateral slit mechanism operated entrance and exit slits jointly, an effective slit width 
of 2—4 cm. being used in the characteristic spectral region of 7-5—10 ». Over this wave-length 
range, the true ition of absorption bands could be determined with an accuracy of 2—3 cm.“ by 
reference to a calibration curve which was set up by observation of the known frequencies of water vapour 
and ammonia, care being exercised to operate the spectrometer under sensibly constant temperature 
conditions. Relative frequency shifts arising from hydrogen-bond formation or other causes could be 
established as significant down to almost the same small wave-number interval through the simple 
expedient of superposing spectral records of the two samples under comparison, run consecutively without 
alteration of any of the spectrometer controls. E 

In the on of 2-5—4-3 p., where the di ion of the sodium chloride prism is very poor, approx- 
imate wave- gth calibration was obtained y reference to the known frequencies of liquid benzene 
(~3-25 p.), liquid chloroform (3-31 y.), and liquid methyl alcohol (3-52 u.), as well as water vapour, carbon 
dioxide, and ammonia. Owing to the quite large frequency shifts incurred by the ceemeanneiet ic 
hydrogenic stretching frequencies on hydrogen-bond formation, significant qualitative and comparative 

data on hydrogen-bonding effects could be obtained in this wave-length region, although 
quantitative preci ion was preclud by the low ical resolution. 

Samples were examined over the entire infra-red spectrum in their normal physical state as thin 
films of liquid, solid, or Nujol suspension held between sodium chloride flats, and, once the region of 
characteristic absorption had been ascertained, the relevant absorption bands were re-investigated in 
solvents in a special fixed cell. This cell consisted of two sodium chloride plates separated by metal 
washers 0-1 mm, thick, both top and bottom of the cell being provided with threaded brass caps for easy 
filling and cleaning. The whole assembly was cemented together with “ Araldite’ bonding resin 
obtained from Aero Research, Ltd., and the top and bottom could be conveniently sealed by brass 
screws carrying polythene washers. The thickness of this cell was not accurately determined, but the 
constancy of its path-length throughout the present series of measurements was confirmed by reference 
to the constant extinction values of a stantiaba sample. A path-length value of / = 0-0105 cm. was 
employed in the calculations of the molecular extinction coefficients ¢ = [log »/,/I)//c, where the concen- 
tration c is expressed in g.-mol./l. In view of the slight uncertainty in the true value of /, the absolute 
extinction coefficients may be in error by as much as 10%, but the relative extinction values eos 
Table I are certainly significant since the same cell was used throughout. Three or four di t 
concentrations of solute Le oe bese 0-02 to 0-2m.) were measured in all quantitative determinations, 
the final extinction coefficients being obtained from the slope of the resulting Beer’s law curves which 
invariably formed a straight line passing through the origin of the plot log, »J,/ZJ against c. The 
AnalaR-grade solvents were not specially purified, except that chloroform was freed from alcohol and 
water. . 

Source of Materials. —The oe games and sulphones were obtained by oxidation of the requisite 
sulphides. Diphenyl and diallyl sulphides were commercial samples purified by fractionation, the 
middle cuts boiling within 1° being used. 

cycloHexy!l methyl sulphide. re cyclohexene (110 g.) and methanethiol (50 g.), with acetone (6 c.c.) 
as photosensitizer, were sealed in a ort tube and irradiated for 5-5 hours with light from a quartz 
perrimt Side oy arclamp. After careful fractionation in an atmosphere of nitrogen ugh an ient 
column packed with glass helices, the yield oF ge product, aan “0 — 68-5°/18 mm., nf 1-4945, was 
104 g( ound: C, 64-3; H, 10-9; S, 24-6. c. for C,H,S: , 64-6; H, 10-8; S, 24-6%). 

henyl methyl ys Sodium metal (23 g.) was dissolved in anhydrous ethanol (500 c.c.), and 
purified thiophenol ( 10 g.) slowly added to the hot solution. o_o iodide (142 g.) was then run in 
with stirring at a rate cient to keep the mixture warm but not refluxing. After a further 12 hours, 
the solution was poured into water (3 1.), and the yellow oil separated. The fractionated product had b. p. 
bg 1-5870 (yield, 110 g.) (Found : C, 67-7; H, 6-5; S, 25-8. Calc. forC,H,S: C, 67-7; H, 
r4; S, 25-8%). 

Methyl 20th lallyl sulphide. Sodium metal (20 FO Rm dissolved in anhydrous ethanol (500 c.c.), 
and methanethiol (50 g.) distilled into the solution. ethylallyl chloride (90 g.) was slowly added to 
the stirred hot solution at a rate such that gentle eg | occurred. The solution after cooling and 
filtering was poured into water (3 1.), and resulting oil was separated and dried an aay, gen 
fractionation through an efficient column in an a here of nitrogen, the pr b. p. 
aa te ni? 1-4712 (yield, 56g.) (Found : C, 58-3; H, 9-8; S,31-3. C,HyS requires gE: 

8; H, 9-9; S, 31-3). 

General Method of Preparation of Sulphoxides—The wiate pure sulphide was dissolved in 
purified acetone (25% solution w/w), and a slight excess of 30% hydrogen ide added slowly to the 
ice-cold stirred solution. After a further 24 hours at room tem ture, the acetone was removed under 
reduced pressure and replaced by an equal volume of 
removed and the chlo solution dried over freshly calcined 
chloroform careful 


C113; H 60:8, 159%). 
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Phenyl methyl sulphoxide, b. p. 75°/0-01 mm., perfec ) 30-0—30-5°, nP (su 
liquid) 1-5885 (Found : C, 59-9; F598; s S, 23-2. Cake, for HOS; C 00-0, H, 5-7; Jb Sta 3%). 

cloHexyl methyl sulphoxide, b. re 88°/0-05 mm., np 1-5119 (Found: C, 57-6; , 22-0, 
C,H,,OS requires C, 57-5; H, 9-65; S, 21-9%). 

sulphoxide, b..p. ‘60—61°/0- ‘05 mm., m. Pf (if lectly dry) 23-0—23-5° (Found: C, 55-1; 

H, 7-9; S, 24-8. Calc. Oe - C, 55-3; H, 7-75; S, 24-6 

Methyl 2-methylallyl sulphoxide b. p. 99-—99-5° 13 mm., n? 1-4996 (Found : C, 50-5; H, 8-45; S, 
27:3. CH »OS requires C, 50-8; H, 8-55; S, 27-1%). 

Diethyl and dibutyl sulphoxide were slight! impure samples eet by oxidation of the 
appropriate ies with a ete ae peroxide in glacial acetic acid. e former had b. p. 88—90°/12 
mm. and 3? 1-4570, and the latter b. p. 85—90°/0-1 mm. (solid at room temperature). 
is a a we da me of Sulphoxides.—All the sulphoxides ge pars except the diphenyl derivative, 
pes ic, absorbing approximately 1 mol. of water on pada wo ae to the a tmosphere. 

Bpectroseopical any pure samples (free from absorption at 3 pu. in a 0-1- ickness) were ‘difealt to 
obtain wi special precautions in their drying and handling. Storing the liquid sulphoxides over 
phosphoric es at oat O° (temperatures above 40° caused violent éccienpealiions, followed by fractionation 
in a specially dried a: tus, proved satisfactory when no double bonds were present in the molecule, 
With the unsaturat sulphoxides, however, > P ~~ fevers oxide caused very violent decomposition even 
at 0° (with spontaneous ignition in the case of the methyl 2-methylallyl derivative), and the final drying 
had to be accomplished by long storage over freshly calcined magnesium sulphate, followed by careful 
fractionation as before. 

General Method va Preparation of Sulphones.—The a sulphide (10 g.) was dissolved in chloroform 
(100 c.c.), and 3N-sulphuric acid (250 c.c.) was added mixture was cooled to 0° and a slight excess of 
powdered potassium permanganate added slowly with —— stirring. The mixture was decolorised 
with sodium ae and made alkaline, and the chloroform layer separated, washed with water, 
and dried (MgSO,) e solvent was then removed and the residue fractionated or recrystallized. The 
sulphones were not shone, The following data were obtained 
C Pheny! saree 5 26-5% one p. 86-5—86-8° (Found: C, 53-9; H, i 25; S, 20-5. Calc. for C,H,O,S: 

53-8; 5- 

cycloHexyl methyl cal Ries b. p. 94-5—95°/0-05 mm., n?? 1-4918 (Found : C, 51-8; H, 8-8; S, 19-7. 

C;H,,0,S requires C, 51-8; H, 8-7; S, 19-7%). 

The source and = constants of the dimethyl, diphenyl, and dibenzy]l sulphones have been given 
in a previous paper ( (this vol., p. 413). ‘‘ Butadiene Rae oe *” was a commercial recrystallised sample, 
m. p. 64°. Dicyclohexyl sulphone was kindly supplied by Dr. G. F. Bloomfield in the form of the pure 
crystallised sample, m. p. 13 

Di oo selenoxide was prepared by the method of Edwards, Gaythwaite, Kenyon, and Phillips 
(J. 3 293) and, after r ted crystallisation from light petroleum (b. p. 60—80°) containing 5% of 


chloroform, had m. p. 111-0—111-5° (Found: C, 57-6; H, 4:2. Calc. for C,,H,OSe: C, 57-8; H, 
40%) 


(Micro-analytical data were furnished by Dr. W. T. Chambers). 


RESULTS AND DISCUSSION. 


Characteristic Absorption Frequencies.—On recording the infra-red transmission curves of 
the seven different liquid or crystalline sulphoxides detailed in the experimental section, the 
characteristic group frequency could immediately be recognized in an extremely strong absorption 
region at 9°5—10 up. Dilute solutions of the five specially purified sulphoxides in carbon 
tetrachloride all displayed a sharp high-intensity band at a remarkably constant mean frequency 
of 1055 cm.-1 (Table I). Comparison with the fundamental vibration frequency, v = 1124 cm.-, 
of the sulphur monoxide molecule (Herzberg, ‘‘ Diatomic Molecules,’’ Prentice-Hall, New York, 
1939) leaves no doubt that we are here dealing with the expected bond-stretching vibration of 


TaBLE I, 
Characteristic infra-ved group frequencies (cm.-). 
Sulphi 2 

Sulphoxides, - eee 
¥80- vy. 


A 
‘ c . 


1, CCl, A 

Substituents. - (e).2 liq. cryst. soln. (e€). liq. cryst. _{ ee 
F sore methyl ... 1040 — 1144 (495) 1138 — ror 1309 

icyclohexyl — — 41130 a — 1124 10) — 1299 
Phenyl methyl 1044 1035 1160 (870) 1155 1150 580) 1318 1293 
Diphenyl ) 1042 1035 1164 (680) — 1151 250) — 1313 
Dial 2-methylallyl be ao a oa a ~- == — — _ 

1 <3 ies hee RB ae ss Bi = Nad 


"a Thompson (/., "toe: $28) and Williams (Rev. Sci. Inst., 1948, 19, 136, and Anal. Chem., 1948, 
20, 402) have published a correlation chart of organic group frequencies i in which a single character- 
istic region extending from 1250 to 1350 cm. is assigned to sulphones. Flea tweet’ by has evidently 
been overlooked in this assignment which is reported to be based on nas se y aon by Thompson. 

2 Molecular extinction coefficient (for definition, see Experimental). 
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the S-O link. The remarkable constancy of this group frequency in differently substituted 
organic derivatives is presumably related to the fact that the adjoining C-S links must be 
expected to have considerably lower vibration frequencies (near or below 600 cm.-*), so that no 
appreciable coupling of the two oscillators can take place in the compound molecule. 

The seven sulphones were similarly examined and revealed the presence of two characteristic 
intense absorption regions in every case, occurring near 9 p. and at 7°5—8 yu. in the crystalline 
or liquid samples. Four of the sulphones were also studied in dilute solution in carbon tetra- 
chloride, and two sharp high-intensity bands were observed at frequencies of 1130—1164 cm.-* 
and 1312—1336 cm.-, respectively (Table I). The related molecule of sulphur dioxide is known 
to give rise to a total of three strong fundamental absorption bands which have been assigned to 
the three normal modes of vibration as follows (Herzberg, “‘ Infrared and Raman Spectra,” Van 
Nostrand, New York, 1945) : 


Ss s> 
VIS Y/Y A 
.@) Ry “te oO pS %o 
vy, = 1151 cm v, = 519 cm. vs = 1361 cm.4 


In broad terms, these may be classified as symmetrical (v,) and non-symmetrical (v5) stretching, 
and symmetrical (v,) deformation frequencies, the emergence of two S-O bond-stretching 
frequencies in this molecule being due to the symmetrical or antisymmetrical coupling interaction 
of the two S-O bond vibrations. More strictly (Herzberg, Joc. cit.), only v, is a pure bond- 
stretching vibration, whereas in v, the oxygen atoms do not move exactly along the line of the 
bonds. In thesulphones, the observed two strong characteristic frequencies obviously correspond 
to v, and v, in sulphur dioxide, their approximate constancy in the different compounds again 
being attributable at least in part to the necessarily very much lower vibration frequencies of the 
adjoining C-S bonds which preclude any effective coupling. On the other hand, although we 
have examined the same substances for the presence of a characteristic deformation, vibration 
v, near 500 cm. (20 u.) (unpublished work), no simple regularity could here be recognized, a 
feature which may well arise from the presence of other deformation as well as low frequency 
C-S stretching vibrations of the compound molecules in this spectral region. 

Molecular Aggregation Effects.—It will be seen from the foregoing and from Table I that in 
both sulphoxides and sulphones molecular aggregation in the liquid and crystalline states leads 
to progressive decreases of the characteristic group frequencies as determined in dilute carbon 
tetrachloride (or carbon disulphide) solution. We may assume that the position of the bands 
approximates most closely to that of the isolated molecules when measured in these non-polar 
solvents, and the aggregation band shifts are therefore quite analogous to those commonly 
observed with simple polar molecules on passing from the gas to the liquid and the solid state. 
Thus, the fundamental vibration frequency of hydrogen chloride is lowered from 2886 cm.-} in 
the gas to 2785 cm.-! (liquid) and 2768 cm.- (solid), and in sulphur dioxide itself the two stretching 
frequencies are shifted from 1151 cm.-* and 1361 cm.- in the gas to 1144 cm. and 1336 cm.-, 
respectively, in the liquid (Herzberg, loc. cit.). Similar phenomena have recently been described 
in the field of organic carbonyl compounds where the magnitude of the low-frequency displace- 
ment in a series of related molecules has been shown to increase with increasing polarity of 

the carbonyl linkage (Hartwell, Richards, and Thompson, J., 1948, 1436)... Rather 

Le strong intermolecular dipole interaction is clearly indicated in all these cases. In 

ages liquid sulphur dioxide, a transient cluster of molecules may be imagined (see inset), 

Or and it is instructive to note in connection with such a model that the asymmetric 

: : vibration frequency v, which is of a more purely bond-stretching type than the 

dedi, symmetric v, has undergone a much greater relative decrease from its true position 

re) in the gas. At the same time, the bond deformation vibration v, of the molecule 

has actually increased from 519 to 5245 cm.-' (Herzberg, Joc. cit.). In a similar 

way, the v, vibration in the sulphones is always more strongly affected than v, by passing from 
the solution in non-polar solvents to the pure liquid or crystalline state (Table I). 

Figures 1 and 2 illustrate the actual transmission curves of diphenyl sulphoxide and 
phenyl] methyl sulphone over the characteristic band regions. In addition to the S—O stretching 
frequencies which are clearly the most strongly affected by aggregation, either compound also 
displays a lesser frequency decrease of the characteristic phenyl band near 1090 cm... The 
broad and complex nature of the v, and v, absorptions in the “solid’’ curve of Fig. 2 
represents a typical feature of the sulphone spectra in the crystalline state, only the main band 
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positions having been listed in Table I. It should perhaps be pointed out in conclusion that the 
molecular aggregation effects definitely cannot arise from hydrogen-bond formation, at least in 


the case of the diphenyl compounds where no potentially active a-methylenic hydrogen atoms 
are available, and the same is almost certainly true of the other compounds. 


. Fie. 1. 
Diphenyl sulphoxide. 
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Fie. 2. 
Phenyl methyl sulphone. 
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Hydrogen Bond Formation.—As the result of extensive investigation by Gillette and Daniels 
(J. Amer. Chem. Soc., 1936, 58, 1139), Gordy (ibid., 1937, 58, 817; 1938, 60, 605; J. Chem. 
Physics, 1939, 7, 93, 99; 1940, 8, 170; 1941, 9, 204), Davies and Sutherland (ibid., 1938, 6, 755), 
Buswell, Rodebush, and Roy (J. Amer. Chem. Soc., 1938, 60, 2528), and others, the infra-red 
spectroscopic effects of hydrogen-bond formation of the type X-O...H-Y are very well 
known. The stretching frequencies of both X-O and H-Y bonds shift towards lower values, the 
relative magnitude of the shifts in a series of related molecules affording a qualitative measure 
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of the relative strengths of the hydrogen bonds (cf. Davies, Ann. Reports, 1946, 48, 5). Strong 
bonds are formed when HY is an alcohol, but weak hydrogen bonding also takes place 
with chloroform or bromoform, whereas extremely strong bonds are observed with hydrogen 


Fic, 3. 
cycloHexyl methyl sulphoxide (0-2M.). 
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cycloHexyl methyl sulphone (0-2m.). 
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chloride. The relative shift (Av/v) in the H-Y frequency is generally much greater and 
more easily investigated than that for X-O, but characteristic decreases of the carbonyl 
stretching frequency resulting from hydrogen-bond formation have been noted by all the above 
authors. Gordy also studied the effect of a large variety of X-O compounds, including -propy] 
sulphone, on the! position of the D-OMe band of heavy methy] alcohol, and he found that the 
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relative magnitude of the frequency shifts could be correlated with the proton affinity or electron- 
donor ability of the oxygen atom in the X-O molecule (cf. also Briegleb, Zeit. Elektrochem., 
1944, 50, 35). Thus, the donor ability of the oxygen atoms of m-propyl sulphone was rated 
about equal to that of carboxylic esters. 
Both for theoretical reasons and in order to determine its possible influence on the course of 
qualitative and quantitative infra-red analysis, we have made a systematic study of the spectral 
' effects of hydrogen-bond formation by sulphoxides and sulphones. It was found that the 
characteristic sulphoxide frequency of the cyclohexyl methyl derivative in carbon tetrachloride 
solution remained unchanged in carbon disulphide, cyclohexene, or ethyl] linolenate (containing 
activated a-methylenic hydrogen atoms) but was lowered by 20 cm.-! when chloroform was 
employed as solvent. A pure alcoholic solution could not be measured on account of the strong 
C-O absorption in this spectral region, but a dilute equimolar (0°2m.) solution of methyl 
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alcohol and sulphoxide in carbon tetrachloride gave two characteristic bands corresponding to 
bonded and unbonded sulphoxide groupings, respectively (Fig. 3). Two similar bands were 
also observed in the presence of 0°2m-cyclohex-2-enyl hydroperoxide (ROOH) in carbon 
tetrachloride solution, and in mixed chloroform-carbon tetrachloride, although chloroform 
concentrations as low as 0°2m. had no effect. These data correspond to the setting-up of an 
equilibrium in which either or both of the unassociated and the associated species are present : 


R,R,SO + HY =» R,R,SO--- HY. 


As regards the solvent effects on the spectrum of cyclohexyl methyl sulphone, it was found that 
carbon disulphide or 0°2m. concentrations of either chloroform or methyl alcohol in carbon 
tetrachloride produced no change, but in pure chloroform the characteristic frequencies were 
lowered from 1144 and 1321 cm. to 1137 and 1310 cm.-, respectively. In pure methyl 
alcohol the effect was relatively more marked and accompanied by a broadening of the bands 
now centred around 1134 and 1306 cm.-, respectively (Fig. 4). Under these conditions, only 
the hydrogen-bonded species of solvated sulphone molecules appears to be present. 
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The formation of hydrogen bonds between cyclohexyl methyl sulphoxide or sulphone and 
methyl alcohol was confirmed by an examination of the OH band region of solutions of the 
alcohol in the cyclohexyl methyl compound as solvent (Fig. 5). Whereas a dilute solution of 
methy! alcohol in carbon tetrachloride gave two OH bands at ~3660 and ~3320 cm.-', corres- 
ponding to unassociated and associated molecules respectively (cf. Fox and Martin, Proc. Roy. 
Soc., 1937, A, 162, 419; Gordy, Joc. cit.), in the sulphoxide or sulphone as solvent only a single 
absorption frequency intermediate between those of associated and unassociated alcoholic OH 
groups was observed. Clearly, the characteristic OH frequency of the isolated methyl alcohol 
molecule near 3660 cm.-? undergoes typical hydrogen bonding shifts towards lower values when 
dissolved in either sulphoxide (~3350 cm.-*) or sulphone (~3515 cm.-'). The greatest displace- 
ment actually occurs when intermolecular hydrogen-bond formation takes place between the 
alcohol molecules themselves in the non-bonding carbon tetrachloride solvent, in accord with 
the well-known strength of the hydrogen bonds involved in the association of hydroxylic 
compounds. 

With regard to the low-frequency shifts of the S-O frequencies observed in chloroform 
solution, independent spectroscopic support for the hydrogen-bonding hypothesis could again 
be obtained, although the evidence is here perhaps less complete. The expected change in the 
C-H stretching frequency of the chloroform can be analysed only in a few special cases (¢.g., 
mixtures with quinoline) when there is no interference from the presence of strongly absorbing 
aliphatic C-H groups. On the other hand, Buswell, Rodebush, and Roy (loc. cit.) as well as 
Gordy (J. Chem. Physics, 1939, 7, 163) noticed that hydrogen-bonding mixtures of chloroform 
or bromoform with donor solvents frequently gave rise to moderately strong bands near 4°1 u., 
which were not displayed by either of the pure components. Gordy’s suggestion that these 
were the characteristic frequencies of the weak O - - - H bands formed in the associated complex 
appears to us quite untenable from several points of view and has already been adversely 
criticized by Sutherland (Tvans. Faraday Soc., 1940, 36, 889) who favoured the band assignment 
put forward by Rodebush and his collaborators. According to these authors, the new frequency 
near 4°] u. represents the second harmonic of the C-H deformation vibration (v,) of chloroform 
(or bromoform), the intensity of this band quite plausibly becoming enhanced through complex 
formation. We have observed the emergence of a similar new association band in equimolar 
mixtures of chloroform with several of our S-O compounds. The exact position and strength 
of the band in the range 2440—2490 cm.-! varies somewhat from compound to compound, being 
at relatively high frequencies and strong in the mixtures containing sulphoxide (cyclohexyl 
methyl, phenyl methyl, methyl 2-methylallyl, or diphenyl), and at lower frequencies and weak 
in the sulphone complexes (cyclohexyl methyl or phenyl methyl). The general location of the 
band is in agreement with Rodebush’s interpretation in that the frequency of a second harmonic 
normally appears at a value equal to, or slightly lower than, twice the frequency value of the 
first harmonic, whereas in the present case the new frequencies are observed to be higher than 
twice the value of the corresponding first harmonic in pure chloroform (vy, = 1205cm.~). This 
is just as would be expected on the hydrogen-bonding hypothesis, since an increase in the force 
constant of the C-H deformation vibration of chloroform would be expected to occur on 
hydrogen-bond formation. 

Relative Bonding Power of Chloroform and Methyl Alcohol.—Inspection of the above data as 
well as those given in Table II bears out the well-known fact that methyl alcohol forms stronger 
hydrogen bonds than chloroform. Although approximately equal displacements of the 
sulphoxide frequency are observed for solutions in either chloroform or carbon tetrachloride 
containing alcohol (Fig. 3 and the first column of Table II), the significant fact that.the alcohol- 
complex persists at dilutions higher than those tolerated by the chloroform-complex has already 
been referred to above. The characteristic sulphone frequencies generally suffer a greater 
displacement in pure methyl alcohol than in pure chloroform; the same is also true of dipheny) 
selenoxide (see below) and of dimethyl sulphone for which the origin of the band could not be 
measured owing to insolubility in non-polar solvents. It might be remarked in this connection 
that the other crystalline sulphones were all poorly soluble in carbon tetrachloride, but highly so 
in chloroform. Whether or not this marked increase in solubility and the interaction energy 
involved is entirely due to the hydrogen bond, or caused in part by the existence of other more 
general polarization phenomena, seems to be still undecided (cf. Briegleb, Joc. cit.). 

Relative Bonding Power of Sulphoxides and Sulphones.—There is ample spectroscopic evidence 
that sulphoxides form stronger hydrogen bonds than do sulphones. Fig. 5 illustrates the 
increased capacity of cyclohexyl methyl] sulphoxide over the corresponding sulphone to displace 
the OH band of methyl alcohol towards lower frequencies. Again, whereas the alcohol- 
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Tas.e II. 
Percentage S-O frequency decreases due to hydrogen bonding. 
—100Av/» (based on CCl, solution values as origin). 
Svighoniien, Sulphones, 











Substituents. 
cycloHexyl methyl 
i hexyl 


(1150 cm.1) (1145cm-*) (1317cm-) (1305 cm.) 


sulphoxide complex largely persists in dilute solution in carbon tetrachloride (Fig. 3), the same 
dilution ratio is sufficient to suppress entirely the appearance of the characteristic hydrogen- 
bonded sulphone bands in the spectrum. It has been shown that, in the mixtures with chloro- 
form the presumed second harmonic of the C-H deformation vibration appears with much 
greater intensity and at relatively higher frequencies in the presence of sulphoxides than it does 
with sulphones. Finally, a comparison of the percentage S—O frequency shifts given in Table II 
indicates that the sulphoxide stretching frequency is more markedly affected by hydrogen- 
bonding solvents than either of the sulphone frequencies. In connection with the latter, we 
may also note that v, is always decreased further than v,, just as was observed in the molecular- 
aggregation phenomena described above. This significant difference between the behaviour 
of a strictly bond-stretching and a partly bond-bending vibration is exactly what would be 
expected if the hydrogen bonds were formed along the lines of the S—O bonds. 

Certain chemical phenomena are probably similarly related to the increased capacity of 
sulphoxides, compared with sulphones, for the formation of strong hydrogen bonds. Thus, 
simple sulphoxides are extremely hygroscopic, absorbing one mole of water with great ease, and 
they are also known to form salts in the presence of mineral acids (Gilman, ‘‘ Organic Chemistry,” 
Wiley and Sons, New York, 1944, Vol. I, p. 872), whereas sulphones are inert in both 
these respects. Clearly, no reasonable doubt can be entertained that the donor properties 
of the sulphoxide-oxygen atom are distinctly superior to those of the oxygen atoms combined 
in sutphones. 

Estimation of S-O Bond-stretching Force Constants.—As shown above, the infra-red examin- 
ation of a representative variety of differently substituted sulphoxides and sulphones has 
revealed the existence of sensibly constant characteristic S—O stretching frequencies in this type 
of molecule. Moreover, the sulphoxide frequency is comparable to that of the simple sulphur 
monoxide molecule, and the two sulphone frequencies resemble even more closely those found 
in sulphur dioxide. We may therefore state with considerable confidence that the observed 
characteristic frequencies roughly correspond to vibrational motions confined to the SO groups 
of the molecules only (cf. Herzberg, Joc. cit., p. 199). Taking the simpler case of sulphur monoxide 
and the sulphoxides first, and neglecting the anharmonicity of the actual atomic vibration, we 
can approximately relate the observed frequency to the bond-stretching force constant A and 
the masses m, and m, of the vibrating atoms by the Hooke’s law expression 


Although identical masses are involved, direct comparison of this single frequency and its related 
bond force constant with the twin stretching frequencies observed in sulphur dioxide and the 
sulphones is clearly not possible unless the resonance-splitting of the vibration frequency of the 
two coupled bonds in the SO, group is allowed for. To a first approximation, one may make 
the assumption that the resonance-splitting is roughly symmetrical, and take the mean frequency 
(v, + vs)/2 to be the desired vibration frequency which either S-O bond in the SO, group 
would have in the absence of coupling interaction with the other. Provided the quantitative 
limitations of such approximative treatment are clearly understood, its relative justification in 
this particular case may be illustrated by the example of sulphur dioxide itself. Putting 


(7, + »)/2 = sin) "(a+ Pi . 


where v, = 1151, vz = 1361, m, = 32, and m, = 16, we obtain a value for the bond force constant 
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k = 9°86 x 105 dynes/cm. which is only about 1% lower than the accurate value of 9°97 
obtained by rigorous methods (Penney and Sutherland, Proc. Roy. Soc., 1936, A, 156, 654; 
Herzberg, loc. cit.). 

The mean sulphone stretching frequency (v, + v,)/2 was derived from the four sets of solution 
values given in Table I, and the resulting average value of 1238 cm.-! may be compared with the 
average sulphoxide frequency of 1055 cm.-*. It represents a considerable increase (more than 
17%) over the latter, corresponding to an increase of 35-40% in the force constant of the S-O 
bond. Such large differences cannot be due to the approximate nature of the method of estima- 
tion employed but must arise from a real and important difference in the relative physical 
strengths of the oxy-bonds in sulphoxides and sulphones. A chemical corollary may be found 
in the fact that sulphoxides, but not sulphones, are readily reducible to the corresponding 
sulphides under a variety of conditions (Gilman, /oc. cit.). 

Electronic Nature of the S-O Linkage.—Some valuable new insight into the electronic nature 
of the S-O bond can be gained by a consideration of the relative stretching frequencies and 
force constants of sulphoxides and sulphones in conjunction with those of certain closely related 
compounds and such data as are available on the relative bond lengths and bond polarities. 
Table III gives a list of different types of sulphoxide or sulphone derivatives whose vibration 
frequencies are known, the compounds being arranged together in their order of increasing 
frequency values. The first column gives the molecular formulz, in which all S-O bonds have 
been conventionally and arbitrarily depicted as double; R denotes an organic residue. The 
second column lists the observed S-O bond frequencies, only the mean stretching frequency 
(v, + vs)/2 being given for the sulphones. The corresponding approximate force constants are 
given in the third column, and bond-length data in the last. Before considering the theoretical - 
significance of the Table, we will briefly indicate the source of the frequency data other than 
those already described. 

Diphenyl selenoxide was examined in the course of the present work for purposes of 
comparison. A very strong infra-red frequency appeared at 821 cm.“ in the crystal and at 
838 cm.- in carbon disulphide, the suspected nature of this frequency being confirmed by the 
typical shifts observed in hydrogen-bonding solvents. Chloroform gave rise to a frequency 
decrease of 1°8% as well as a new complex band near 2480 cm.-' considerably stronger than the 
corresponding band with diphenyl sulphoxide, and pure methyl alcohol markedly broadened 
and shifted the 838-cm.-+ band by more than 2%. This behaviour, together with the approx- 
imate location and high intensity of the frequency, establishes its correct assignment to the 
Se-O bond-stretching vibration. The frequency values, approximate force constants, and 
bond-length data for methyl alcohol and formaldehyde have been taken from the literature 
(Barnes et al., Ind. Eng. Chem., Anal., 1933, 15, 659) and are similarly included here for 
purposes of rough comparison of the C-O with the S-O bond. The characteristic frequencies . 
of dichloro- and difluoro-sulphoxides (thionyl chloride and fluoride, respectively) and dichloro- 
sulphone (sulphury! chloride) are the published values observed in the Raman spectra (Hibben, 
“The Raman Effect and its Chemical Applications,” Reinhold, New York, 1939). 

In a series of related molecules, the length of a particular bond generally decreases as the 
bond becomes stronger, and a number of semi-empirical equations have in fact been proposed 
from time to time to express the correlation between bond length and force constant 
in quantitative terris. The occurrence of such correlation in sulphur-oxygen compounds 
seems implied by the data of Table III which suggest a slight decrease in bond lengths as the 
frequencies and force constants of related molecules increase. In particular, the reported 
increase in physical bond strength on passing from sulphur monoxide and the sulphoxides to 
sulphur dioxide and the sulphones is reflected in a significant shortening of the S-O bond which 
is certainly beyond the limits of possible experimental error. The apparently anomalous 
internuclear separation in sulphur monoxide is presumably due to a somewhat different type of 
potential function for this bond which differs from all the others by virtue of the triplet character 
of its ground state. 

Exponents of the covalent double bond theory of the sulphur—-oxygen link have drawn 
attention to the surprisingly short oxy-bonds in sulphur dioxide and the sulphones, shorter than 
in sulphur monoxide, and they have equally pointed out that the strength of these bonds 
determined from data on the heats of formation appears to be rather greater than that found in 
the diatomic molecule (~100 kcals.), where it is presumably double (Phillips, Hunter, and Sutton, 
J., 1945, 146). The observed vibration frequencies in Table III fall in line with these two 
arguments. Since the nature of the sulphur monoxide bond as essentially double rather than 
single would hardly seem open to serious question, the even higher vibration frequencies of 
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Taswe III. 

Some bond characteristics of the sulphur—oxygen link. 

vgo OF (v, + vs)/2 k yn ai (oP ) 
(cm.*). “i 


Molecule. y X 10® (cm.). 


(838) (5:5) _ 
(5-77) (1-43) 
6-95 1-47. 
7-9 1-4935 ¢ 


9-4 1-45+40-02 5 
9-6 1-4440-02 ¢ 
9-97 2 1-4340-017 
1303? 10-6 1-4340-02 § 


1312 10-8 oo 


(1744) (12-1) (1-21) 


= 1190, vy = 1415 cm... * Accurate value calculated by Penney and Sutherland (loc, 
eR si Accurate electron diffraction sector method value b tiansen and Viervoll, Acts 
Chim. Scand., 1948, 2, 702. * From electronic spectra (Herzberg, ‘‘ Diatomic Spectra ", 
5 Electron-diffraction value by Palmer, J. Amer. Chem. Soc., 1938, 60, 2360. ® Electron-diffrac- 
» tion value by Lister and Sutton, Trans. Faraday Soc., 1939, 35, 495: X-ray crystal structure value 
by Cox and Jeffrey, ibid., 1942, 38, 214. 7 Accurate electron-diffraction value by Schomaker 
and Stevenson, J. Amer. Chem. Soc., 1940, 62, 1270. 


sulphur dioxide, the sulphones, and the thionyl and sulphuryl halides signify that in these 
molecules, if anything, the bond order must be greater than it is in sulphur monoxide. Against 
this view, the adherents of the polar co-ordinate single bond theory would apparently argue that 
‘the increased shortness and physical strength of these oxy-bonds might equally well be due to 
their increased polarity rather than bond multiplicity (Arndt and Eistert, Joc. cit.). Such 
arguments not only seem to lack any sound theoretical basis, but they can be shown to run 
counter to the available evidence on the relative polarities of the sulphur—oxygen bonds. 

The greater the polarity of the S-O bond, the greater will be the fractional negative charge 
and proton-attracting power of the terminal oxygen atom (cf. Gordy, Joc. cit., 1941). We may 
therefore employ the relative proton affinities of a series of related sulphoxides as a sensitive 
criterion of relative bond polarities, in much the same way in which Walsh has employed the 
first ionization potential of the non-bonding electrons of the oxygen atom in the related case of 
the carbonyl bond (Trans. Faraday Soc., 1946, 42, 56). Now we have amply demonstrated above, 
first, that sulphoxides display distinctly greater proton-attracting power than do sulphones and, 
secondly, that the oxy-bond is distinctly weaker in sulphoxides than it is in sulphones. Clearly 
then, increased strength of the sulphur—oxygen bond is associated, not with an increase, but with 
a significant decrease of bond polarity. The same conclusion apparently follows from an examin- 
ation of the effects of halogen substitution. Table III illustrates the increase in the physical 
strength of the oxy-bond resulting from replacement of the ayy substituents of sulphoxides 
or sulphones by chlorine or, more markedly still, by fluorine; on the other hand, Audrieth and 
Steinmann (J. Amer. Chem. Soc., 1941, 68, 2115) observed from the pe heats of mixing with 
chloroform that the donor properties and hence the polarity of the bond decreased on replacing 
the ethoxy-groups of diethoxy-sulphoxide or -sulphone (diethyl sulphite or sulphate, respectively) 
by chlorine atoms, just as occurred also in the case of diethoxy-carbony] (diethyl carbonate). In 
fact, there exists a striking analogy between our series of sulphur compounds and similar tables 
of interrelated carbonyl derivatives in which the direct attachment of halogen also causes a 
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sharp increase in the vibration frequency of the oxy-bond (Hartwell, Richards, and Thompson, 
loc. cit.). Walsh (loc. cit.) has drawn up such a table and shown that, in general, bond length and 
pond polarity of the carbonyl group decrease as the bond force constant goes up. Both he and 
Hartwell, Richards, and Thompson pointed out that these relationships could be simply and 
satisfactorily summarized by a valence-bond representation in which a given carbonyl derivative 
is held to be somewhere intermediate in structure betweeen IIIa and b, with the important proviso 
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(IIIa.) (I1Ib.) 


that no resonance strengthening accrues to the hybrid bond (Walsh, Trans. Faraday Soc., 1947, 
48, 60). A similar interpretation in terms of varying proportions of the a and b structures of (I) 
and (II) would obviously account for the observed gradations of Table III in which, in general, 
the bond polarity decreases with increasing physical strength of the bond. 

The new knowledge of relative bond polarities from the study of hydrogen-bond formation 
clearly affords an unambiguous demonstration that the high physical strength of the sulphur- 
oxygen bond is due, not to the polarity of a postulated co-ordinate single link, but to bond 
multiplicity. The bond is more nearly a covalent double bond if referred to the bond character- 
istics of sulphur monoxide as a rough standard. On the other hand, except by way of first 
approximation, the sulphur-oxygen link is not a definite and unchangeable entity as was 
suggested by Phillips, Hunter, and Sutton (Joc. cit.). There is a variable contribution from the 
polar single bond structure (I or IIb) which is appreciable in the sulphoxides, less important in 
the sulphones, and probably rendered all but negligible by the presence of the electron-attracting 
halogens in sulphury! chloride and thionyl fluoride. In the last-mentioned two molecules, the 
approximate force constant seems only little different from that of a typical carbonyl double bond, 
although the quantitative significance of a direct comparison of bond force constants involving 
different pairs of atoms must remain doubtful. The relative hydrogen-bonding effects suggest 
that the polar single bond structure may be slightly more important in diphenyl selenoxide 
than it is in the corresponding sulphoxide. We may finally add that the rather clumsy valence- 
bond picture of (a)-types of structure supplemented by relatively minor contributions from (b) 
without bond strengthening by ‘‘ ionic—covalent resonance ” can be advantageously replaced by 
the molecular orbital method of representation. Moffitt (work in course of publication elsewhere) 
has shown that molecular orbital treatment of the S-O bond yields results in complete and 
detailed agreement with those based on our experimental approach. 

The Conjugation Problem.—The S-O bond being largely double, conjugation phenomena 
might be expected to occur in the presence of adjacent phenyl or ethylenic groups, just as they 
do in the corresponding carbonyl derivatives. The analogy is not necessarily valid, however, , 
any more than the quite imperfect analogy between the (planar) geometry of the carbonyl group 
and the known pyramidal structure of sulphoxides. If conjugation does take place, it should 
be reflected in a lowered stretching force constant and vibration frequency of the oxy-bond; a 
frequency decrease of nearly 2% is observed in such molecules as benzaldehyde or acetophenone 
(Hartwell, Richards, and Thompson, Joc. cit.; Rasmussen, Tunnicliff, and Brattain, J. Amer. 
Chem. Soc., 1949, 71, 1068). 

According to Table I, phenyl methyl and diphenyl sulphoxide have precisely the same S-O 
bond vibration frequency as the saturated cyclohexyl methyl compound. The corresponding 
aromatic sulphone derivatives display an unexpected small frequency increase over the saturated 
analogues, the significance of which is perhaps doubtful. It could be envisaged that the 
inductive electron-attracting effect of the phenyl group in these molecules may serve to reduce the 
relative importance of contributing single-bond structures (I and IIb) and thereby offset, or 
more than offset, the expected contribution of the mesomeric (conjugated) forms of the type 
(c) or (d). In that case, the relative influence of the conjugative compared with the inductive 


‘<O-re + 2 
(c.) (d.) 


effect would appear to be greater in the sulphoxides than in the sulphones; at the same time, 
the complete invariance of the sulphoxide frequency suggests that even here conjugation is 
very slight. Since a rather different conclusion has been derived from near-ultra-violet 
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absorption spectra (Fehnel and Carmack, Joc. cit.; Koch, loc. cit., and work in progress 
on sulphoxides; Schmid and Karrer, Helv. Chim. Acta, 1948, 31, 1017, 1087), it must be 
presumed that conjugation is important in the upper excited state, and possibly in reactive 
transition states, but not in the ground level of the sulphoxide and sulphone molecules. 


We are indebted to Dr. W. E. Moffitt for many helpful discussions during the course of ie 
of this pen which is based on work forming of a programme of fundamental research ch underiak 
by the of the British Rubber Producers’ Research Association. 


British RuBBER PRODUCERS’ RESEARCH ASSOCIATION, 
48, Tewin Roap, WELWYN GARDEN City, HERTs. (Received, April 13th, 1949.] 





515. The Preparation and Reactions of 4-Amino-2-(carboxy- 
methylthio) pyrimidines. 


By G. H. Hitcuincs and P. B. Russet. 


4-Amino-2-(carboxymethylthio)pyrimidines are prepared by treatment of 4-amino-2- 
mercaptopyrimidines with chloroacetic acid. These compounds are shown to be useful 
intermediates in the preparation of 4-amino-2-hydroxy-, 4-amino-, and 2: Seer See 
from 2 : 4-dimercaptopyrimidines via the 4-amino-2-mercaptopyrimidin 


THE preparation of a series of 4-amino-2-mercaptopyrimidines, by the reaction of 2: 4-di- 
mercaptopyrimidines with ammonia and amines, was described by Russell, Hitchings, Elion, and 
Falco (J. Amer. Chem. Soc., 1949, in the press). When the hydrolysis of the thiol group of such 
compounds by means of chloroacetic acid (Wheeler and Liddle, Amer. Chem. J., 1908, 40, 547) 
was attempted, the formation of the relatively stable 4-amino-2-(carboxymethylthio) pyrimidines 
occurred regularly. This was unexpected since Wheeler and Liddle (loc. cit.) had shown 
4-hydroxy-2-(carboxymethylthio)pyrimidine to be decomposed to thioglycollic acid and uracil 
even by hot water and subsequent experience had indicated chloroacetic acid to be a general 
reagent for the desulphurization of thiopyrimidines (Wheeler and Liddle, Joc. cit.; Johnson and 
Hemingway, J. Amer. Chem. Soc., 1915, 87, 380) and thiohydantoins (Johnson, Pfau, and Hodge, 
J. Amer. Chem. Soc., 1912, 34, 1041). Only pyrimidine-2 : 4-bisthioglycollic acid (Wheeler and 
Liddle, Joc. cit.) had been found to be resistant to hydrolysis. On the other hand, a number of 
purines had been found to give stable thioglycollic acids (Johns and Hogan, J. Biol. Chem., 
1913, 14, 299; Johns and Baumann, ibid., 1914, 15, 515). 

Quite recently Bendich, Tinker, and Brown (J. Amer. Chem. Soc., 1948, 70, 3109) found that 
4 : 6-diamino-2-(carboxymethylthio)pyrimidine separated when the desulphurization of 4: 6-di- 
amino-2-mercaptopyrimidine by means of chloroacetic acid was attempted. It would appear, 
therefore, that the stability of the 2-carboxymethylthio-grouping is markedly increased by the 
presence of an amino-, rather than a hydroxyl, group in position 4 (6) of the pyrimidine 
nucleus. 

The 4-amino-2-(carboxymethylthio)pyrimidines have been found to be useful intermediates 
for the preparation of the 4-hydroxy-2-amino-, * greet and 2 : 4-diamino-pyrimidines from 
the corresponding 4-amino-2-merca: 

The resersane, Ser eens ta leo arte are stable to hot dilute or cold concentrated 
mineral acid. However, they may be hydrolysed by hot concentrated hydrochloric acid to the 
corresponding 4-amino-2-hydroxypyrimidines. Cytosine (4-amino-2-hydroxypyrimidine), 
5-methylcytosine (Hitchings, Elion, Falco, and Russell, J. Biol. Chem., 1949, 177, 357), N-phenyl- 
cytosine (Russell e¢ al., loc. cit.), N-tetradecylcytosine, and N-benzylcytosine were prepared by this 
means. 

The replacement of the thiol group of 4-amino-2-mercaptopyrimidines by hydrogen may be 
carried out by treatment in alcoholic solution with Raney nickel. However, the solubility of 
many of the 2-mercapto-derivatives is rather limited and conversion into the 2-carboxymethyl- 
thio-derivatives before reduction facilitates the reaction. 4-n-Amylaminopyrimidine and 
4-piperidino-6-methylpyrimidine (isolated as its picrate) were prepared directly from the 
corresponding 2-mercapto-derivatives whilst 4-anilino- (Russell et al., loc. cit.) and 4-p-methoxy- 
anilino-pyrimidine were prepared via the carboxymethylthio-compounds. 

4-Amino-2-(carboxymethylthio) pyrimidines react readily with ammonia or primary amines 
at 140—150°. Since the 4-amino-2-mercaptopyrimidines do not react in this way (Russell 
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at al., loc. cit.) the carboxymethylthio-derivatives are essential intermediates for the preparation 
of 2:4-diaminopyrimidines from the dimercapto-derivatives. Thus 4-anilino-2-mercapto- 
pyrimidines gave no reaction with ammonia during 24 hours at 140° whilst under the same 
conditions 4-anilino-2-(carboxymethylthio)pyrimidine gave an 80% yield of 2-amino-4-anilino- 

imidine. 4-Anilino-2-methylaminopyrimidine, 4-anilino-2-benzylaminopyrimidine, 2-amino- 
4-piperidinopyrimidine, 2-amino-4-N-methylpiperazinopyrimidine, and 2-amino-4-n-amylamino- 
pyrimidine were prepared by the same general method. 


EXPERIMENTAL, 


4-Amino-2-(carboxymethylthio) pyrimidines.—These compounds, listed together with their tine 
in the table, were ——_ by heating under reflux the 4-amino-2-mercaptopyrimidine (1 mol.) in an 
aqueous solution of chloroacetic acid (1 mol.) until dissolution was complete. On cooling the product 


usually separated in a crystalline condition. The products so obtained were essentially pure but were 
crystallised once from a suitable solvent before analysis. If the base did not separate the aqueous 





2-Carboxymethylthio- Cryst. form 
pyrimidine. M. p. and solvent. Formula. 
4-Amino +4 ys . 
4-Amino-5-methyl } Hitchings e¢ al., loc. cit. 
4-Amino-6-methyl 256° Needles, water C,H,0,N,S 
(decomp.) 
4-Tetradecylamino 118—119 Plates, aq. alcohol C,H,,0,N;S 
4-Benzylamino 109—111 Needles, methanol C,,H,,0,N,S 
4-Piperidino hydrochloride a 199 Prisms, aq. acetone C,,H,,0,N,SCl 
ecomp. 
‘-Methylpiperazino hydro- 203—204 Prisms, aq. acetone C,,H,,;0,N,SCl 
chloride (decomp.) , 
4-Anilino 197 Needles, water C,,H,,0,N;S 
(decomp.) 
Hydrochloride of above above 250 Needles, dil. HCl C,,H,,0O,N,SCl 
4-Anilino-5-methyl Aydro- 210 Nedeles, dil. HCl] C,3H,,0,N,SCl 
chloride (decomp.) 
4-Anilino-6-methyl 188—189 Needles, water Cy3H,30,N,S 
4-Anisidino 118—119 Needles, water C,3H,,05N5S 
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solution was concentrated to a p in an open dish on the steam-bath, and concentrated hydrochloric 
acid added. The resulting hydrochlorid e was recrystallised from aqueous acetone (1:1) or dilute 
hydrochloric acid. 

a ae ng Rema ey A TE eg ene 2 pr aeare (1 g.) (Russell e# al., loc. 
cit.) was heated with ammonia solution (10 c.c., d 0-9) in a tube at 140—150° for 24 hours. 
The tube was cooled and the contents concentrated to small bulk and made strongly alkaline with 
saturated sodium hydroxide solution. After being left for 2 hours the product was filtered off and 
recrystallised from aqueous alcohol. It formed long colourless needles (0-6 g.), m. p. 156—157° (Banks, 
J. Amer. Chem. Soc., 1944, 66, 1131, gives m. p. 155—156°). 

4-Anilino-2-methylaminopyrimidine.—This was in the same way using a 25% aqueous 
methylamine solution in lace of ammonia. The hydrochloride as needles, m. p. 246° 
({deconip.), from aqueous alcohol (Found: C, 55-7; H, 5-4. C,,H,sN,Cl requires C, 55-5; H, 5-5%). 

ee oe was from the hy: oride of the corresponding 
2-carboxymethylthio-compound and ammonia. After recrystallisation from water the imidine 
formed elongated plates, m. p. 142° (Found: C, 61-1; H, 7-5. C,H,,N, requires C, 60-8; H, 7-9%). 

2-Amino-4-N-methylpiperazinopyrimidine.—This omens, m. p. 184°, was similarly prepared 
(Found: C, 56-4; H, 7-4. C,H,,N, requires C, 56-0; H, 7-8%). 

4-Anilino-2- laminopyrimidine.—4-Anilino-2-(carboxyme at my sag as (1-5 g.) was heated 
with benzylamine (2 g.) at the boiling point for 20 hours. On cooling the mass solidified, and, after 
dilution with water and extraction with ether, a small amount of an’unidentified crystalline product, 
m. p. 223—225° (after recrystallisation from alcohol) (Found : C, 71-7; H, 5-9%), remained undissolved. 
The ether solution was dried, and the ether removed, whereupon the resultant oil slowly solidified. After 
being washed with light petroleum (b. p. 40—60°) the near ine was recrystallised from methyl alcohol 
wd ne m. p. 112—113° ne g.; 75%) (Found: C, 73-6; H, 5-5. C,,H,,N, requires C, 

2-Amino-4-n-amylamino -6-methylpyrimidine.—4-n-Am famine-8-menngty-6-mey tara idine 
(1-5 g.) was heated under reflux with can acid (0-7 g.) and water (10 c.c.) until dissolution was 
complete, and the solution was then concentrated to a in an open dish on a steam-bath. The 
syrup was dissolved in concentrated ammonia (20 c.c.) and heated in a sealed tube at 140° for 24 hours. 
On cooling an oil separated which soon crystallised (1-2 g.). After rec isation from aqueous alcohol 
ase colourless needles, m. p. 99°( Found: C, 61-8; H, 91. CyHN, requires C, 

4-p-Methoxyanilinopyrimidine.—4-p-Methoxyanilino-2-(carboxymethylthio)pyrimidine (2-2 g.) was 
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heated under reflux in absolute alcohol (75 c.c.) with Raney nickel (6 g.) and sodium carbonate (0-5 g.) 
for 3 hours. The nickel was removed by filtration, the alcoholic solution concentrated to small 

and the residue diluted with water (100 c.c.) and left in the cold. The product (1-7 g.) — as 
colourless needles which melted at 136—137° after recrystallisation from aqueous alcohol (Found : C, 
65-6; H, 5-4. C,,H,,ON, requires C, 65-6; H, 5-5%). 

4-n-Amylami imidine.—4-n-Amylamino-2-merca} topyrimidine (0-9 g.) was heated under reflux 
with Raney nickel (2-5 g.) and sodium carbonate (0-5 g.) in absolute alcohol (25 c.c.) for 3 hours. The 
alcohol was removed by evaporation on a steam-bath and the residual oil solidified. It was distilled 
at 100—110° (bath tem ture) /5 x 10°? mm.; the distillate solidified to colourless rectangular prisms 
of the pyrimidine (0-5 g.), m. p. 61—62° (Found: C, 65-7; H, 9-0. C,H,,N; requires C, 65-5; H, 9-1%), 

4-Piperidino-6-methylpyrimidine.—This was prepared similarly. The oily product (65% yield) could 
not be obtained c ine and so was converted into its picrate. This compound was recrystallised from 
alcohol containing some picric acid; it formed yellow needles, m. p. 172—173° (Found : C, 47-6; H, 4-4, 
CyH,,0,N, requires C, 47:3; H, 4-4%). 

N-Tetradecyleytosine (4-Tetradecylamino-2-hydroxypyrimidine).—4-Tetradecylamino-2-(carboxy- 
methylthio) pyrimidine (0-5 g.) was heated under reflux with concentrated hydr ric acid (5 on} Ge 
3 hours. The cooled solution was made strongly alkaline with ammonia and the product separated. The 

recipitate crystallised from alcohol in colourless plates (0-3 g.), m. p. 178—180°, of the cytosine derivative 
Fround: C, 70-1; H, 10-5. C,sH,,;ON, requires C, 70-4; H, 10-8%). 

N-Benzyleytosine (4-Benzylamino-2-hydroxypyrimidine).—This was prepared in a similar manner, 
in 67% yield. Crystallised from water N-benzylcytosine formed colourless plates, m. p. 224° (Found: C, 
65:3; H, 5-4. C,,H,,ON, requires C, 65-6; H, 5-5%). 


The authors thank Mr. S. W. Blackman of these laboratories who carried out the microanalyses. 
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516. The Application of the Method of Molecular-rotation Differences 
to Steroids. Part XI. Wolff-Kishner Reduction of the Adreno- 
cortical Side Chain. 


By D. H. R. Barton, N. J. Hotness, and W. KLyne. 
Wolff-Kishner reduction of 2l-acetoxypregn-5-en-3f-ol-20-one * gives pregn-5-en-3B-ol 
and, in smaller quantities, 38-hydroxyetiochol-5-enic acid and pregna-5 : 20-dien-3f-ol. A 
mechanism for the formation of the last-mentioned compound is suggested. 
Wolff-Kishner reduction of pregn-5-en-3f-ol-20-one also affords pregn-5-en-3f-ol; less 


than 1% of pregn-5-en-3a-ol, isolated as its acetate, is formed at the same time. The molecular- 
rotation data are briefly discussed. 


In spite of the importance attached in steroid chemistry to the adreno-cortical side chain 
(*CO-CH,*°OH) we have found no reference to the degradation products formed therefrom under 
Wolff-Kishner reducing conditions. Through the courtesy of Professor T. Reichstein, of 
Basle, who very kindly provided us with a generous specimen of 21-acetoxypregn-5-en-36-ol- 
20-one (I; R = -CO*CH,°OAc, R’ = H), we have now been able to rectify this omission. 

It is well known that Wolff-Kishner reduction of «-ketols often proceeds in a highly abnormal 
manner. This is illustrated, for example, by the behaviour of 2-acetoxycholestan-3-one and 
36-acetoxycholestan-2-one (Ruzicka, Plattner, and Furrer, Helv. Chim. Acta, 1944, 27, 727). 
In both cases the main product of the reaction is cholestane. By analogy it would be expected 
that similar reduction of 21l-acetoxypregn-5-en-38-ol-20-one would furnish pregn-5-en-38-ol 
(I; R= Et, R’=H). For comparative purposes the latter was prepared by Wolff—Kishner 
reduction of pregn-5-en-36-ol-20-one (kindly supplied by N. V. Organon, Oss, Holland) and 
characterised as the acetate and benzoate. Although Heard and McKay (J. Biol. Chem., 1946, 
165, 677) had difficulty in obtaining pure androst-5-en-38-ol (I; R = H, R’ = H) from androst- 
5-en-38-ol-17-one semicarbazone (cf. Butenandt and Suranyi, Ber., 1942, 75, 591; Milas and 
Milone, J]. Amer. Chem. Soc., 1946, 68, 738) by merely heating the latter with sodium ethoxide, 
we experienced no difficulty with the pregnene analogue when the reduction was effected with 
an excess of anhydrous hydrazine (cf. Dutcher and Wintersteiner, ibid., 1939, 61, 1992). The 
molecular-rotation difference of our pregn-5-en-3f-ol with respect to allopregnan-38-ol is + 231°, 
which is in close agreement with the standard value of + 243° found with cholesterol (Barton, 


* The notation by Fieser and Fieser Sor og agar ns 1948, 4, 285; ‘‘ Natural Products related to 


Phenanthrene,”’ 3 ., Reinhold, New York, 194 


) is adopted in this and succeeding papers of this 
series (cf. this vol., p. 1672, footnote). 
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J., 1946, 1116; Barton and Klyne, Chem. and Ind., 1948, 755; Barton, Angew. Chem., 1949, 
61, 57). For androst-5-en-36-ol Heard and McKay (loc. cit.) recorded [M]p — 186° (in dioxan) 
which gives a A value with respect to androstan-3$-ol ([M]p +18° (in dioxan); calculated 

ing to Barton and Klyne, loc. cit.) of +204°. This is in fair agreement with the standard 
value of +228° found for cholesterol in the same solvent (Barton, Joc. cit.). Norymberska, 
Norymberski, and Olalde (J. Amer. Chem. Soc., 1948, 70, 1256) reported for androst-5-en- 
38-ol, prepared by treatment of dehydrotsoandrosterone dibenzyl mercaptal with Raney nickel, 
[M]p —-208° (in dioxan). This gives a A value of +226°, in excellent agreement with the 
standard value. The molecular rotation recorded by Butenandt and Suranyi (loc. cit.) for 
their androst-5-en-38-ol {[M]p — 132° (in alcohol)} gives a A value with respect to androstan- 
38-ol of only + 165°. 

Two by-products characterised by Heard and McKay from their reduction of androst- 
5-en-38-ol-17-one were ztiocholan-3a-ol (II; R= H) and androstan-3$-ol (III; R= H). 
In our experiments less than 1% of a digitonin non-precipitable fraction was obtained; it was 
isolated as the acetate C,,H,,O,, presumably pregn-5-en-3a-yl acetate. No saturated stanols 
could be detected, and there was no acid fraction. 

The Wolff—Kishner reduction of 2l-acetoxypregn-5-en-3f-ol-20-one furnished a neutral 
fraction and a relatively small acid fraction. The neutral fraction was acetylated and then 
chromatographed to give, as expected, pregn-5-en-38-yl acetate, together with a second 
acetate, m. p. 132—133°, [«]p —83°, which, according to analysis, was C,,H,,O, and thus 
contained two ethylenic linkages. This second compound was identified as pregna-5 : 20- 
dien-38-yl acetate (I; R = CH°CH,, R’ = Ac) by comparison with an authentic specimen 


or: esa os? 


(L.) (II.) (III.) 


kindly provided by Dr. P. L. Julian (Julian, Meyer, and Printy, J. Amer. Chem. Soc., 1948, 
70, 887). The acid fraction from the reduction was methylated with diazomethane and 
then acetylated, yielding crystalline methyl 3-acetoxyetiochol-5-enate (I; R = -CO,Me, 
R’ = Ac), identified by comparison with an authentic sample prepared from the corresponding 
hydroxy-acid methyl ester (for this and other compounds we are much indebted to Messrs. 
Ciba Ltd.). 

When our experiments were carried out the formation of pregna-5 : 20-dien-38-ol was 
unexpected. We explain the genesis of this, as indicated in the formule below, by an extension 
of the views of Seibert (Chem. Ber., 1947, 80, 494) on the mechanism of the Wolff—Kishner 
reaction : 


17 2 21 
>CH-CO-CH,OH = >CH-CH(OH)-CHO —> >CH-CH(OH)-CH:N-NH, 
OH- Tg Oe Ot. OEE 


—H,O Me 
——> >C:CH’'CH:N-‘NH, ——> >C=CH—CH=N—NH 
i “ : 3-3 e H+ 7 2 2% 
<—> >C-CH‘CH'N'NH — > >C-CH:CH, ——> >CH’CH°CH, 


There are in the steroid literature at least two analogies to the formation of this compound : 
first, the reduction of 17a-methyl-D-homoandrostane-3§ : 17a-diol-17-one to 17a-methyl-D- 
homoandrost-17-en-38-ol (Shoppee and Prins, Helv. Chim. Acta, 1943, 26, 185), and, secondly, 
the formation of lithochol-ll-enic acid, amongst other products, from 12-hydroxy-11-keto- 
pga acids (Gallagher, ]. Biol. Chem., 1946, 162, 539; Wintersteiner, Moore, and Reinhardt, 
ibid., p. 707).* : 

It is of interest to compare the molecular-rotation differences for pregn-5-en-38-ol with those 
for cholesterol. According to our previous work on the subject of “ vicinal action” (Barton 
and Cox, Nature, 1947, 159, 470; J., 1948, 783) pregn-5-en-38-ol and its simple derivatives 


* Dr. O. Jeger (of Ziirich) informs us that a migration of the ethylenic awry comparable to that 


omen above, is of common occurrence in the reduction of af-unsaturat 
er "eee We are indebted to Dr. Jeger for this information. 
U 


etones by the Wolff- 
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should not show optical anomalies. The table shows that this is, indeed, the case. The absence 
of an optical anomaly in the ketone pregn-4-en-3-one is particularly worthy of comment, ag 
supporting our previous classification of groups not liable to give “‘ vicinal action ’”’ (cf. Barton 


[M)p. 
Alcohol. Acetate. Benzoate. Ketone. A;. A;. As. 


—188° — 74° +357° —34° +80° +511° 
—214 —105 +331 —33 +76 +512 





ait th cai +1 oo +1 
* Barton, J., 1946, 1116; Barton and Cox, J., 1948, 783; Barton, Angew. Chem., 1949, 61, 57. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 


The substances whose rotations are listed below were dried, in vacuo, before weighing, at 20° below 
their m. p.s, or at 120°, whichever was the lower temperature. All rotations are for the Nap line and in 
chloroform solution ; they were measured in a 1-dm. micro-tube, of capacity about 1 ml. 

Standard chemical operations were carried out as in Part IV J. 1948, 783) unless specified to the 
contrary. Light petroleum is of b. p. 40—60°. 

Micro-analyses are by Drs. Weiler and Strauss, Oxford. 

Wolff—Kishner Reduction of Pregn-5-en-3B-ol-20-one.—Pregn-5-en-3f-ol-20-one (150 mg.) was reduced 

by heating it with 150 mg. of sodium, dissolved in 3 ml. of ethanol, and 1-5 ml. ot aagiiies hydrazine 
at 180°for 17 hours. After = se ae of the reaction product into acid (negligible) and neutral fractions, 
the latter fraction was acetylated. Chromatography over alumina furnished -5-en-3B-yl acetate, 
SNe eel B m Prox doors in long needies, m. p. 147—148°, [a]p —62° (c, 3- 300) (Ip, —214 (Found: 
C, 79-7, 80-6; H, 10-2, 10-8. Cy3H,,0, requires C, 80-2; H, 10-55 ). Ina furth ent 550 mg. of 
pure acetate were obtained from 900 mg. of pregn- 5-en-36-ol-2 me. Alkaline 1 hydrolysis gave pregn- 
5-en-3B-ol, crystallised from methanol, m. p. 134-5—135-5°, [a]p —60° (c, 2-95), [M]p —181° (Found: 
C, 82-7; H, 11-2. C,,H,,O requires C, 83-4; H, 11- 35%). Benzoylation of this alcohol afforded 
pregn-b-en-3p-yl benzoate, crys Calin methanol, m. p. 154-5—155-5°, [alp —26° (c, 3-12), [M]p 
—105° (Found: C, 82-3; H, 9-2. H,,0, ae C, 82-7; H, 9-4%). idation of 100 mg. of 
pregn-5-en-38-ol by the Oppenauer utiel'an d chromatography of the product over alumina furnished 
pregn-4-en-3-one, very soluble in all organic solvents but crystallising from light petroleum at —50°, 
and then having m. p. 91—92°, lolp +110° (c, — 5), ip +331°; light absorption: Max., 241 my. (in 
alcohol); ¢ = 18,000. Marker and Lawson hem. Soc., 1939, 61, 686) gave m. p. 90--91°, 
for a specimen prepared by an alternative me' a but did not record the rotation. 

The mother-liquors from the crystallisation of the pregn-5-en-38-yl acetate were hydrolysed with 
potassium hydroxide. The product was dissolved in the minimum of hot 95% alcohol and treated with 
digitonin (300 mg.) in 95% alcohol (16 ml.). After being kept overnight the itated digitonide 
was filtered off. The filtrate was evapora ‘to dryness pe the residue extract ether. Evapor- 
ation of the ethereal extract, acetylation of the residue, and filtration in sortione solution through 
alumina furnished, after crystallisation from methanol, an acetate, m. p. 134—135°, which was pre- 
sumably pre pregnS-onSet acetate [8 mg. from the reduction of 900 mg. of pregn-5-en-3f-ol-20-one] 
(Found : H, 10-9. C,,H,,O0, requires C, 80-2; H, 10-55%). The acetate gave an ne 
wee Bok with tetranitromethane and was unsaturated to the Liebermann—Burchard reag: 

The digitonides, precipitated as described above, were resolved in the usual bee (SchOsheimer, Zz. 

sere Chem.. 1933, 215, 59), and the slightly impure pregn-5-en-38-ol was treated by the Anderson- 

abenhauer procedure (J. Amer. Chem. Soc., 1924, 46, 1957). Working up in the customary manner 
revealed no trace of saturated material. 

On one occasion the Wolff-Kishner reduction of 300 mg. of pregn-5-en-3f-ol-20-one gave, as well 
as the products described above, about 50 mg. of highly crystalline material sparingly’ soluble in benzene. 
This had m. p. 264—266° (turning red) after several recrystallisations from chloroform—methanol and 
was identifi as pregn-5-en-3B-ol 0-one azine. The authentic specimen of the latter was prepared by 
heating under reflux 50 mg. of pregn-5-en- 3f-ol-20-one, 100 mg. of hydrazine hydrochloride, and 100 
mg. of Agog = sodium acetate in aqueous methanol. After gmp eee from chioroform-saethess 
it had m. 66—269°, turning red, and gave no depression on admixture with the by: uct of 
Sy Wold Kiahner reduction (Found, for the latter compound : "N. 4-6, 4-65. CHO. a Tequires 

4-5 
Wolff—Kishner Reduction 1 21-Acetoxypregn-5-en-3B-ol-20-one.—600 Mg. of keto-alcohol were reduced 
as described above for pregn-5-en-3f-ol-20-one. Separation into acid and neutral fractions furnished, 
in the acid fraction, 60 mg. of a hydroxy-dacid. This was identified as 38-hydroxyztiochol-5-enic acid 
by conversion into the methyl ester (by diazomethane) and thence by acetylation into the methyl ester 
acetate, recrystallised from aqueous methanol, m. p. (after drying 1 vacuo) 151—152°, [a]p —26° (, 
0-39). The latter derivative gave no depression on admixture with authentic methyl 3f-acetoxy- 
ztiochol-5-enate, m. p. 152—153°, 68°, [al —20"( —25° (c, 2-47), prepared (by C. J. W. Brooks) from a specimen 
of — 38-h droxyattiochol-5-ena - 

The aectenl fonction was acetylated and the uct crystallised from acetone-methanol to give a 
substance, m. p. ca. 120°, » fe ip —74° (c, 1-51), —71° (c, 1-33). This was chromatographed over alumina 
(Savory and oore) ; the following chromatogram is typical : 
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M. p. of eluate (after one 
Eluent. recrystn. from methanol). 
.of 5% C,H,-95% light petroleum trace, oil 
"Of 129 Che sse, et PP a aa 
. of 20% C,H,-80 


: 


© wam Amero 
8 
_ 


BBB. 


trace, oily 
130—132° 
132—137 
137—138 
124—128 
115—118 
117—119 
114—117 
125—126 
122—125 
129—130-5 
” ” ” , 129—130 
f 10% ether-90% C,H, trace, 124—126 
f ether nil 


sesSsesessegsesess 
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oo 


Fractions 4—7 inclusive were combined and recrystallised repeatedly from methanol to give pregn- 
5-en-38-yl acetate (ca. 75 mg.), m. p. and mixed m. p. with an authentic specimen p as above, 
147—148°. Hydrolysis and rec: isation afforded pregn-5-en- , ™. p. and m. p. with an 
authentic specimen as above, 134-5—135-5°. Fractions 11—14 inclusive were combined and 
repeatedly ised from methanol, to furnish yeapeee : 20-dien-38-yl acetate (ca. 20 mg.), m. p. 
and mixed m. p. with an authentic spetimen (m. p. 132—133°, {elo reported as —77° (see text), 132— 
133°, elo —83° (c, 0-69), —81° (c, 0-50), [M]p —280° (Found: C, 80-5, 80-9, 81-0; H, 9-8, 10-4, 10-4. 
Calc. for CysH,,0,: C, 80°7; H, 10-1%). 


This work was carried out during the tenure of an I.C.I. Fellowship by one of us (D.H.R.B.). We 
thank the Chemical Society for a Grant. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. Kensincton, Lonpon, S.W.7. 
PosTGRADUATE MeEpIcaL ScHooL, Lonpon, W.12. (Received, May 30th, 1949.] 





517. The Application of the Method of Molecular-rotation Differences 
to Steroids. Part XII. Cholest-6-en-38-ol. 


By D. H. R. Barton and W. J. ROSENFELDER. 


Pyrolysis of 38-acetoxycholestan-7a-yl benzoate gives cholest-6-en-38-yl acetate, cholesta- 
2 : 6-diene, and cholest-2-en-7a-yl benzoate. The first two of these products are also obtained by 
the pyrolysis of 38-acetoxycholestan-6B-yl benzoate. Pyrolysis of 38-acetoxycholest-7B-yl benzoate 
affords mixtures of cholesta-2 : 6- and -2: 7-diene and of cholest-6- and -7-en-38-yl acetate. 
These results disprove the claims of Plattner, Heusser, Troxler, and Segre (Helv. Chim. Acta, 
1948, $1, 852) to have prepared a pure cholest-7-en-3-ol by the first of the above-mentioned 
pyrolyses, and confirm the criticisms of their work which we have previously advanced on 
molecular-rotation grounds. 


PLATTNER, HEUSSER, TROXLER, AND SEGRE (Helv. Chim. Acta, 1948, 31, 852) recently described 
the preparation of an interesting new cholesten-38-ol, the acetate of which was said to be 
formed by the pyrolysis of 38-acetoxycholestan-7a-yl benzoate (I; R= Ac; R’ = Bz).* On 
the basis of chemical evidence, the most important aspects of which were oxidation by chromic 
acid to 7-ketocholestan-38-yl acetate and rearrangement on attempted hydrogenation in acetic 
acid solution to a further new cholesten-3$-yl acetate, Plattner ef al. considered that their 
compound was pure “ cholest-7-en-3-ol.” Now we had already (Barton, J., 1945, 813; 1946, 
512; Barton and Cox, J., 1948, 1354; this vol., p. 214) given what we considered to be a proof 
of the correctness of the formulation of “‘ y ”-type stenols and stadienols as 7 : 8-unsaturated, 
and therefore the views of Plattner ef al. could not be correct. Furthermore, although the 
chemical evidence given by Plattner e¢ al. was adequate for, and consistent with, the formulation 
claimed, the molecular-rotation data recorded (see table) were anomalous. We shall not repeat 
the detailed discussion of this aspect already given elsewhere (Barton, Angew. Chem., 1949, 61, 
57; Barton and Rosenfelder, Helv. Chim. Acta, 1949, 32, 975), in which we fully, and critically, 
examined the relevant chemical evidence. 

The rearranged stenyl acetate of Plattner ef al. is comparable in its method of preparation to 


* The justification for the steric configuration at the 7-position in this compound is discussed in an 
earlier paps (Barton, this vol., p. 2174). 
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the well known “‘ « ’’-cholestenyl acetate [cholest-8(14)-en-36-yl acetate]. We first examined the 
latter for heterogeneity (see Experimental), but, in agreement with previous views, could obtain 
no evidence therefor. Next we repeated the pyrolysis of 38-acetoxycholestan-7a-yl benzoate 
and, by chromatography, isolated three substances. The main product was a cholesteny] 
acetate, with the same m. p. as that recorded by Plattner ef al., but with a different specific 
rotation ([a]p —89° instead of —64°). Hydrolysis of this acetate furnished a cholestenol, again 
with the m. p. given by Plattner e¢ al., but with a very different rotation ([a]p —93° instead of 
— 16°). Benzoylation furnished the benzoate, m. p. 123—124°, [a]p —75°, whilst oxidation gave 
the corresponding cholestenone, again with the m. p. recorded by Plattner e# al., but with a very 
different rotation ([«]p about —78° instead of —34°). In marked contrast to the behaviour of 
Plattner’s stenyl acetate, the cholestenyl acetate described here gave cholestanyl acetate (II; 
R = Ac), in almost quantitative yield, on catalytic hydrogenation in both neutral and acetic acid 
solution. This is what would be expected for cholest-6-en-38-yl acetate (III; R = Ac) (ef, 
Henbest and Jones, Nature, 1946, 158, 950; J., 1948, 1792; Barton, Cox, and Holness, this vol.,, 
p. 1771), and having regard to the resistance to hydrogenation under these conditions shown by 
substances that are truly 7 : 8-unsaturated, we regard it as a proof of structure. This structure, 
was, however, confirmed by the preparation of the stenyl acetate, [«]p) — 89°, with equal ease, 
by the pyrolysis of 38-acetoxycholestan-6B-yl benzoate (IV; R= Ac; R’= Bz). For larger. 
scale preparations this is the more convenient route. 

The second substance obtained from the pyrolysis of 38-acetoxycholestan-7a-yl benzoate was 
a diethylenic hydrocarbon, C,,H,,, shown to be cholesta-2 : 6-diene (V) on the basis of the follow- 
ing evidence. The hydrocarbon showed no absorption in the ultra-violet region and therefore 
the ethylenic linkages are not in conjugation. It was hydrogenated in neutral solution to give, 
almost quantitatively, cholestane. It cannot, therefore, contain a 4(5)-ethylenic linkage. 
Since it was also obtained by the pyrolysis of 38-acetoxycholestan-68-yl benzoate it must possess 
one ethylenic linkage at the 6(7)-position. It must, then, be either cholesta-3 : 6-diene (VI) 
or cholesta-2 : 6-diene. It was unchanged by anhydrous hydrogen chloride or caustic alkali 
under drastic conditions, which facts favour the second formulation. Finally, pyrolysis of 
cholestanyl benzoate (II; R= Bz) gave, not cholest-3-ene, but cholest-2-ene (VII) 
(neocholestene). 


om ) 


(VIII.) 


The third substance obtained in the pyrolysis of 38-acetoxycholestan-7a-yl benzoate 
appeared, from analysis, to be probably a cholestenyl benzoate and showed the appropriate 
absorption spectrum in the ultra-violet region. We regard it as somewhat impure cholest-2- 
en-Ta-yl benzoate (VIII; R’ = Bz), for, on hydrogenation, alkaline hydrolysis, and chromic 
acid oxidation, it furnished cholestan-7-one. 


(VI.) | l | (VIL.) 
Mi VA ; 
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All the fractions obtained in the pyrolyses of 38-acetoxycholestan-7a-yl and -68-yl benzoates 
gave negative Tortelli-Jaffé reactions, thus showing the absence of contamination by substances 
‘ unsaturated at the 7(8)-position. On the other hand, pyrolysis of 38-acetoxycholestan-7f-yl 
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benzoate afforded a mixture of about equal parts of cholest-6-en- and -7-en-38-yl acetate (the 
latter isolated as the benzoate). At the same time a mixture of cholesta-2 : 6- and -2 : 7-diene 
was formed. All the fractions obtained in this pyrolysis gave positive Tortelli-Jaffé tests. 

In an earlier article (Barton, this vol., p. 2174) we have shown how the pyrolyses so far 
described in the present paper are examples of cis-elimination. Not all pyrolytic eliminations 
are stereochemically specific in this way, and the pyrolytic elimination of strongly electron- 
attracting (or -repelling) substituents may constitute exceptions to our generalisation. Thus 
the pyrolysis of the potassium salt of the hydrogen sulphate of 3-acetoxycholestan-68-ol 
furnished, as main product, cholesteryl acetate with not more than 10% of cholest-6-en-38-yl 
acetate. This tvans-elimination implies that the reaction proceeds by an ionic mechanism. 
This, indeed, is proved by the discovery, by Natelson and Gottfried (J. Amer. Chem. Soc., 1939, 
61, 971), that pyrolysis of potassium bornyl sulphate gives, not bornylene, but camphene. 
In contrast, the thermal decomposition of the methyl xanthate (cis-elimination) affords bornyl- 
ene and some tricyclene, but mo camphene (Tschugaeff, Annalen, 1912, 388, 288; cf. Hiickel, 
Tappe, and Legutke, ibid., 1940, 548, 191). As would be expected, we found that treatment of 
38-acetoxycholestan-68-ol with phosphorus pentachloride afforded cholesteryl acetate (trans- 
elimination); thionyl chloride caused a double elimination and gave cholesterilene. 

It is of interest to compare the molecular rotations established in this paper for cholest-6-en- 
38-0l with those for stenols with comparable positions of the ethylenic linkage (see the table). 
The extent of ‘‘ vicinal action ” (Barton and Cox, Nature, 1947, 159, 470; J., 1948, 783) between 
the isolated 6(7)-ethylenic linkage and the 3-position is small for the three transformations 
summarised. 

After the work described above had been brought to a successful conclusion we learnt that 
Dr. O. Wintersteiner of the Squibb Institute, New Brunswick, had been engaged on a similar 
project. Through the courtesy of Dr. Wintersteiner, whose friendly collaboration we greatly 
appreciate, it was agreed that a short summary of the results of the two investigations should be 
published simultaneously (Barton and Rosenfelder, Nature, 1949, 164, 316; Wintersteiner and 
Moore, ibid., p. 317; J. Amer. Chem. Soc., in the press). On attempted repetition of the work of 
Plattner et al. (loc. cit.), Wintersteiner and Moore obtained cholest-6-en-38-yl acetate with 
properties in excellent agreement with those recorded above and similarly observed its ready 


[Mp] (CHCI,). 
Substance. ‘Alcohol. Acetate. Benzoate. Ketone. Ay. A;. As. 
Cholestan-3f-ol * (standard) ... + 89° + 60° +162° — 29° + 5° + 78° 


Cholest-5-en-38-ol * — 30 — 34 +124 
Cholest-6-en-38-ol + + 59 
Ergost-7-en-3£-ol * + 96 
Plattner’s stenol —131 -212!) —  — 6%!) 


* Values from Part IV, J., 1948, 788. The abbreviations used in the table are there explained. 
t Approximate value. 





hydrogenation to cholestanyl acetate. The position of the ethylenic linkage was elegantly 
proved by conversion of the unsaturated compound into the corresponding triol (IX; R = H) by 
treatinent with osmium tetroxide. This triol gave a tri-p-nitrobenzoate (proof of three secondary 
hydroxyl groups). Contrary to Plattner eé al. (loc. cit.) chromic acid oxidation gave the acetate 
(X; R= Ac) of the Windaus-Stein acid (Ber., 1904, 37, 3699; Shoppee, J., 1948, 1032). 


o % 
mo Ome OK Ge 
RO “HUH R 2 'CO,H 


fe) H 


Wintersteiner and Moore also isolated cholesta-2 : 6-diene and cholest-2-en-7a-yl benzoate as 
by-products in the preparation of cholest-6-en-38-yl acetate. 
The conclusions to be drawn from the two investigations are in complete accord. 


EXPERIMENTAL, 
(M. p.s are uncorrected.) 


The substances whose rotations are listed below were dried in vacuo before weighing, at 20° below their 
m. p.s, or at 120°, whichever was the lower temperature. All rotations are for the Nap line and in 
chloroform solution. They were taken in a 1-dm. micro-tube, of capacity about 1 ml. 
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Standard chemical operations were performed as in Part IV (J., 1948, 783) unless specified to the con- 
trary. Unless stated © a cortney ot Crema were carried out using Savory and Moore’s 
standardised alumina. The light petroleum had b. p. 40—60°. 

Micro-analyses are by Drs. Weiler and Strauss, ord. 


Reactions at the 6-Position. 


Hydrogenation of 3f-Acetoxycholestan-6-one.—(a) In ethanol. 800 Mg. of the acetoxy-ketone (for 
preparation see Part IV) were dissolved in 100 ml. of anhydrous ethanol and hydrogenated in presence 
of a platinum catalyst in the usual wa poy: 3 until the theoretical volume of hydrogen had been taken up (6 

). Thecrude reaction product p. 184—185° and gave, after one recrystallisation from ethanol, 
ae a 6B-diol, m. p. 188—189° (Platiner and Lang, Helv. Chim. Acta, 1944, 27, 1872, give m. p. 
189—190 

(b) In dioxan. 300 Mg. of the acetoxy-ketone were dissolved in 30 ml. of dry dioxan and hydro- 
genated in presence of 150 mg. of pre-reduced Pp wmppace oxide catalyst. After 15 minutes 40 c.c. of 
hydrogen had been taken up (theory, 18 c.c.) and the reaction then ceased. Crystallisation of the pro- 
duct from methanol gave, almost quantitatively, cholestan-38-yl acetate, m. p. and mixed m. p. wi! an 
authentic specimen, 109—110°. 

(c) In ethyl acetate. 1-1 G. of the acetoxy-ketone were dissolved in 100 ml. of ethyl acetate, and 135 
mg. of platinum oxide catalyst added. After hydrogenation in the usual way 91 c.c. of hydrogen had 
been absorbed (theory, 91 c.c.) after 2 hours. Uptake of hydrogen then ceased. The reaction product, 
after crystallisation rom methanol, had m. p. 155—156°, unchanged on further crystallisation. To 
confirm its purity it was chromatographed over Birlec alumina. 

M. p. of fraction after crystn. 
Fraction no. Eluent. from MeOH. 
100 ml. of 50% C,H,-light petroleum trace of oil 
100 ml 


100 ml. of. 10% C,H,-light petroleum trace, amorphous 
100 ml. amorphous (small fraction) 
. amorphous — fraction) 
m. p 


. 186-166 (large fraction) 

‘ . p. 155—156 (large fraction) 
1 i . p. 155—156 
100 ml. _s,, , . p. 155—156 
200 ml. of methanol . p. 155—156 


OD DIDAP CO 


—a 


Fractions 7 and 8 were combined and recrystallised repeatedly from methanol without any change in 
m. p., [aJp —6° (c, 5-24). Fraction 11 also had [aJp —6° (c, 5-32). For 38-acetoxycholestan-6(f)-ol 

ttner and Lang (/oc. -~ Ep m. p. 141—142°, [a]p —6°. The careful fractionation to which we have 
subjected our specimen of the 3f-acetate leaves little doubt as to purity. On alkaline hydrolysis our 
specimen gave, after pcre Forum from ethanol, cholestan-38 : 6B-diol, m. p. 188—189°, whilst on 
acetylation it afforded cholestan-3£ : 68-diol diacetate, m. p. 136—137°, after recrystallisation from 
ethyl acetate-methanol. For the diacetate Plattner and Lang (loc. ae Arn record m. p. 136—137°. 

Reactions of 3B-Acetoxycholestan-6B-ol.—(a) With phosphorus pentachloride. 90 Mg. of the acetoxy- 
alcohol in 3 ml. of dry benzene were rubbed with 225 mg. of phosphorus pentachloride in a mortar for 
pa minutes. After being worked up in the usual way the product (negative Beilstein test) gave, on 

rystallisation from ethyl acetate—methanol, slightly impure cholesteryl acetate m. p. and mixed m. p. 
109-1 10°. It gave a strongly positive Liebermann-Burchard reaction of the same type as that shown 
by cholesterol. 

(b) With thionyl chloride. 80 Mg. of the acetoxy-alcohol were treated with 3 ml. of thionyl chloride 
and set aside for 24 hours at room temperature. After removal of the thionyl chloride in vacuo, the 
residue could not be crystallised. It was dissolved in light petroleum and chromatographed on alumina. 
The main (hydrocarbon) fraction was very easily eluted and gave, after crystallisation from methanol, 
—_ needles (negative Beilstein test) of cholesterilene, m. -P. 78—79°. 

c) With benzoyl chloride. ce . of bt acetoxy-alcohol were benzoylated in the usual way. 
pen, tev ga from methanol ga cholestan-6B-yl benzoate, m. p. 118—119°, unchanged on 
repeated recrystallisation, [a]p sy C, 124 19) (Found: C, 78-2; H, 9-7. Cy gH,,O, requires C, 78-6; 
H, 9-9 


(d) With chlorosulphonic acid and pyridine. 1-12 G. of the dry acetoxy-alcohol were dissolved in 
5 ml. of dry ether, and 6 ml. of ay pre added. The solution was cooled to —60° and 1 ml. of 
redistilled chlorosulphonic acid, diluted with 5 ml. of dry ether, was slowly added at the same temperature. 
After bein dowel to warm to room temperature the mixture was heated under reflux for 2 hours on 
the water- = The ether was removed in vacuo, and a little water was added and then excess of 
saturated potassium acetate solution. The white potassium salt thus precipitated was filtered off and 
—, with a little water. After being dried in vacuo it was used, without further purification, for 
pyrolysis experiments. 

Pyrolysis of 38-Acetoxycholestan-6B-yl benzoate——(a) By distillation. 130 Mg. of the aceto -ben- 
zoate were distilled at 14 mm. at 220—340° (air-bath temperature) as described in detail below for the 
pyrolysis of 38-acetoxycholestan-7a-yl benzoate. The distillate, which readily c , was dissolved 
in methanol and titrated with standard potassium hydroxide (phenolphthalein (Found : wd F of = 

theoretical amount of benzoic acid). The methanol solution was diluted with water and extracted with 
—— a benzene was removed, and the crystalline uct dissolved in light petroleum and chrom- 
atographed. The first two fractions, eluted with t petroleum, were oily (hydrocarbon) ; Bh 
next t fractions, eluted with 50—60% C,H,-light petroleum, had, after crystallisation 
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methanol, (i) m. p. 99—100°, . {i m. p. 102—103°, and (iii) m. “* weonee. these fractions gave a 
final yor Faas in the —Burchard reaction. pong hy es (iii) gave no depression 

in m. p. on admixture with cholest-6-en- Sp-yi acetate (see below) and [a]p —87° (c, 0-79). On 
alkaline hydrolysis they afforded cholest-6-en ee nas p. 114—115°, not depressed on admixture with 
cholest-6-en-3f-ol prepared from 3f-acetoxycho: -7a-yl benzoate (see below). 

(b) By distillation through a heated tube. 500 Mg. of the acetoxy-benzoate were slowly (during 1 hour) 
distilled in a stream of dry, oxygen-free nitrogen (about 2 1. per hour at normal quae through a glass 
tube held at 400° for 5” of its length by heating with a short electric furnace. A pressure of 0-6 mm. 
was maintained in the apparatus during this distillation. The distillate was dissolved in methanol and 
titrated (see above) (Found: somewhat more than the theoretical amount of benzoic acid). Further 
working up as above and chromatography gave six fractions (out of seventeen) which contained appreci- 
able amounts of steroid. The first two, eluted with light petroleum, were recrystallised from methanol, 
to give 55 mg. of cholesta-2 : 6-diene (see below), m. p. and mixed m. p. with ‘the hydrocarbon obtained 
from 3f-acetoxycholestan-7a-yl benzoate (see below Ly 70—71°. The last four fractions, eluted with 
50—60% benzene-light petroleum, had m. p. 96—97°, 103-5—104-5°, 103-5—104-5°, and 103-5— 
104-5°, respectively. On recrystallisation the m. p. of the first of these rose to 103-5—104-5°, = 
others were unchanged. The total yield of pure cholest-6-en-3f-yl acetate, m. p. 103-5—104-5°, 
120 m 
Pyrolysis of the Potassium Sulphate of 3B-Acetoxycholestan-6f-ol.—The potassium salt prepared as 
above was pyrolysed in a retort at 270— /0-4 mm. during $ hour. The oily distillate, which readily 

cry: , was dissolved in light petroleum and chromatographed to give 16 fractions. The first theee 
fractions (traces), m. Pe ~98°, were re jected. Fractions 4—13 were 0a 1089, from methanol, to 


colour in the Liebermann-Burchard reaction, 
fractions 15—16 gave a final bluish-violet shade. e product, m. p. 98—99°, from these fractions gave 
no depression of m. p. on admixture with cholest-6-en-36-yl acetate (see below). Fractions 15 and 16 
were combined and rechromatographed to give five fractions, all eluted with 8% C,H,-light petroleum : 
(i) m. p. 104—105° (final olive-green in the Liebermann-Burchard reaction), (ii) m. p. 103—104°, (iii) 
trace, m. p. 95—-96°, (iv) m. p. 97—-98°, and (v) a large fraction, m. p. 99—100° (all m. p.s after 
lisation from methanol). Fraction (v) gave no depression of the m. p. on admixture with cholest- 6-en-3- 
yl acetate (see below) and had [a}p —90° (6. ¢ 0- 33). On recrystallisation from methanol it gave needles, 
m. p. 102—103°, not depressed on admixtu ath cela Oom moon Shi acetate (see below) and giving the 
characteristic bluish-violet shade of the latter in the Liebermann—Burchard reaction; admixture with 
cholesteryl acetate depressed the m. p. to 95—96°. 


Reactions at the 7-Position. 

Preparation of 2 emperor ee 1 Benzoate.—7-Ketocholesteryl acetate was converted into 
7-ketocholestanyl acetate as described art IV. The latter compound was hydrogenated in ethyl 
acetate-acetic acid solution, and the po na of epimeric 7-alcohols separated by chromatography 
(Wintersteiner and Moore, J. Amer. Chem. Soc., 1943, 65, 1503). In our experience empire we ate on By is 
essential in order to obtain a satisfactory yield of 2 aay 3B-acetoxycholestan-7a-ol. This was benzoylated 
in the usual way. The reaction mixture was wo up by prolonged digestion with hot water, followed 
by extraction with ether. The crude pA eg ge ig benzoate was obtained as a at yellow 
gum (cf. Plattner, Heusser, Troxler, and Segre, loc. cit.; Fieser, Fieser, and Chakravarti, J. Amer. 
Chem. Soc., 1949, 71, 2226). 

Pyrolysis of 3B-Acetoxycholestan-Ta-yl Benzoate.—The crude benzoate from 1-0 g. of oe 3B-acetoxy- 
cholestan-7a-ol was pyrolysed by distillation from a small flask at Pa tag WN Ra mm. (air-bath 
o ture). The distillation required 1 hour. The partly crystalline distillate was dissolved in 

ol and titrated with pa potassium hydroxide (phenolphthalein) (Found: 115% of the theo- 
retical amount of benzoic acid). A duplicate t with 1-5 g. of 3f-ace — 7a-ol 
required 1 hours for the distillation and gave 117% of the ‘theoretical amount of benzoic acid 
removal of methanol im vacuo and extraction with e, etc., the reaction product was dissolved in 
light petroleum and chromatographed over alumina. A typical chromatogram, each fraction after one 

tion from methanol, is given on p. 2464. 
ractions 1 and 2 were examined further as detailed below (p. 2464). Fractions 8 and 9, which gave 
pees! Liebermann—Burchard reactions, a very faint yellow colour with ot mp 18118 and negative 
ortelli-Jaffé reactions, were combined and R bemwned me from methanol m. p. 131—132°, [ —28° 
(c, 0-68). Further chromatography gave three fractions, (a) m. p. 131—139° ao?) m. p. l 137°, 
[alp —31° (c, 0-72), and (c) m. p. 103—104°. Fraction (b) showed Amas. 228 mp., E}%, = 340 (in alcohol). 
It was Ma ae pony somewhat impure cholest-2-en-7a-yl benzoate (Found: C, 82-4; H, 10-3. Calc. 
for C,,H , 83-25; H, 10-3%). On uydrogenation in ethyl acetate in presence of a latinum 
catalyst tt ctiorded a saturated compound, m. p. 163—163-5°, Spteulpaed by heating under reflux with 
potassium hydroxide in pot ye l ether to cholestan-7a-ol. Oxidation of the last-mentioned 
compound with chromic acid furnished cholestan-7-one, purified by chromatography and recrystallised 
from methanol (plates), m. p. and mixed m. p. with an authentic specimen m. p. 114—115°. We are 
much indebted to Professor Sir Ian Heilbron, D.S.O., F.R.S., for the authentic specimen (see Heilbron, 
Shaw, and Spring, Rec. Trav. chim., 1938, 57, 529). The yield of cholestan-7-one was about 5 mg. from 
15 > of the benzoate. 
Fractions 10—17 inclusive were combined and recrystallised from ethyl acetate-methanol, to give 
marley ra pe pte acetate, m. p. 103-5—104-5° (200 mg. from 1-0 g. of ap-acetoxycholestan-Ta-ol). 
6-en-38-yl acetate gave an immediate yellow colour with tetranitromethane. e Liebermann 





2464 Barton and Rosenfelder: The Application of the Method of 


Fraction no. Eluent. M. p. 
50 ml. of light petroleum (not cryst.) 
40 ml. __s,, 69—70° 


| (traces) 


(nil 

‘ of 2% benzene-light petroleum ieaaes 131—132 
. of 10% benzene-light petroleum (little) 131—132 

os 101—102 

99—100 

100—101 

101—102 

100—101 

100—101 

99—100 


50 ml. __s,, sa ai 99—100 
70 ml. of 30% benzene-light petroleum (little) 99—100 
250 ml. of benzene (nil) 
Fractions 10—18 gave negative Tortelli-Jaffé tests. 


CBW 8S or One 


Burchard reaction was reddish-violet to violet-blue. The product had [a]p —89° (c, 2-20), —89° (c, 2-13) 
[M]p —381°. Neither the m. p. nor the rotation was changed on recrystallisation. Alkaline hydrolysis 
afforded, after recrystallisation from methanol, dhdheah Oa -3f-ol, m. p. 114—1 15°, {a]p —92° (c, 1-37), 
—93° (c, 1-88), [M]p —359°, which afforded a benzoate (recrystallised from chloroform—methanol), m. p. 
123—124°, [a]p —74° (c, 1- 10), —76° (c, 1-005), —75° (c, 0-73), [M]p —368° (Found: C, 83-05; H, 10-1. 
CaclsoOs requires C, 83-25; H, 10-3%). The benzoate showed the same play of colours in the Lieber- 
mann—Burchard reaction as did the acetate. Oxidation of cholest- -6-en-38-ol by chromic acid and by the 
Oppenauer method afforded, in poor yield, cholest-6-en-3-one, ee by chromatography and 
recrystallisation from methanol, m. p. 116—117°, [a]p —80° (c, 0-3 —76° (c, 0-221), [M]p approx. 


—300 

Hydrogenation of Cholest-6-en-3B-yl Acetate——(a) In ethyl acetate. 35 Mg. of cholest-6-en-36-yl 
acetate were dissolved in 20 ml. of ethyl acetate and hydrogenated in the usual way for 12 hours in pre- 
sence of a platinum catalyst. After removal of the catalyst by filtration and of the solvent in vacuo, the 
product was saturated both to tetranitromethane and to the Liebermann-Burchard reagent. The 
m. p., after one recrystallisation from methanol, was 107—108°, undepressed on admixture with authentic 
cholestan-3p- yl acetate of the same m. p., [alp +14° (c, 0:47). On alkaline hydrolysis the acetate 
furnished cholestan-38-ol, m. p., after one recrystallisation from methanol, 137—138°, giving no 
oop) Te, on admixture with authentic cholestan-3£-ol. 

(b) In aceticacid. 10 Mg. of cholest-6-en-38-yl acetate were dissolved in 10 ml. of acetic acid (AnalaR) 
and .h he peony genated in the usual way for 2 hours in presence of a platinum catalyst. After being 
worked up in the usual manner the product was saturated to tetranitromethane and to the Liebermann- 
Burchard reagent. It had m. p. 107—108° and gave no depression with pure cholestan-3-yl acetate. 
Hydrolysis gave cholestan-3f-ol, not depressed in admixture with pure cholestan-38-ol. 

Cholesta-2 : 6-diene.—The hydrocarbon material eluted by light petroleum in fractions 1 and 2 of the 
chromatogram of the pyrolysis product of 38-acetoxycholestan-7a-yl benzoate recorded above (p. 2463), 
was rechromatographed. It gave three fractions, m. p. 70—71° (after recrystallisation from methanol). 
All fractions gave immediate yellow colours with tetranitromethane and the same Liebermann- 
Burchard colour as cholest-6-en-38-yl acetate, but negative Tortelli-Jaffé reactions. Further recrystal- 
lisation from methanol (very long needles) raised the m. p. of cholesta-2 : 6-diene to 71—-71-5° and the 
product had [a]p +0° (c, 2-95) (Found: C, 87-8; H, 12-1. C,,H,, requires C, 88-0; H, 12-0%). 

The hydrocarbon was recovered unchanged after being heated under reflux in a methanol—dioxan 
solution of potassium hydroxide and after treatment in chloroform solution with dry hydrogen chloride. 
50 Mg. of the hydrocarbon, 10 ml. of di-2-hydroxyethyl ether (b. p. 245°) and 300 mg. of potassium 
hydroxide were heated under reflux in an oil-bath for 1 hour. After being worked up in the usual way 
and chromatographed on alumina, unchanged cholesta-2 : 6-diene was recovered, m. p. and mixed m. p. 
71—72°, [a]p +0° (c, 0-77—0-86). 

The hydrocarbon fractions obtained in the pyrolysis of 38-acetoxycholestan-6f-yl benzoate at 14 
mm. (s@ above) were combined and rechromatographed. Elution with light petroleum and recrystal- 
lisation from methanol afforded arog 2: 6-diene, m. p. and mixed m. p. with hydrocarbon obtained 
as above, 70-5—71-5°, [a]p +0° (c, 1-55). 

Hydrogenation of 'Cholesta-2 : 6-diene.—30 Mg. of the hydrocarbon, dissolved in 10 ml. of ethyl 
acetate, were hydrogenated overnight with a platinum oxide catalyst. After removal of the catalyst by 
filtration and of the solvent in vacuo, the reaction product was saturated to tetranitromethane and to 
the Liebermann—Burchard reagent. Recrystallisation from e ~~ acetate-methanol gave 25 mg. of 
cholestane, m. p. and mixed m. p. with authentic specimen (Part » 79—80°, [a]p +25° (c, 0-91). 


Pyrolysis o, 8p-Acetoxycholestan-7p-y1 Benzoate.—The gummy fractions eluted by 50—80% benzene- 


light petroleum during the chromatography of the hydrogenation product of 7-ketocholestanyl acetate 
(see above) were rechromatographed (17 fractions) and the six fractions eluted by 40—60% benzene- 
light petroleum, which still did not crystallise, were benzoylated in the usual way. After recrystal- 
lisation from methanol there was obtained a good yield of 38-acetoxycholestan-7B-yl benzoate, m. p. 
156—157°, [alp +64° (c, 3-29), [Mp +352° (Found : C 78-6; H, 9-7. H,,0, requires C, 78-6; H, 
9-9%). By use of the standard A values of Part IV (J., 1948, 783) an the molecular rotations for 
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cholestan-38 : 7a- and -38 : 7B-diol and their dibenzoates given by Wintersteiner and Moore (loc. cit.), 
the calculated molecular rotation is +382°. The calculated molecular rotation for the corresponding 
-1(a)-yl benzoate is similarly +-87°. : oe tik : 

650 Mg. of acetoxy-benzoate, prepared as described above, were ——— by distillation during about 
1 hour at 1-5 mm. in a current of oxygen-free, dry nitrogen through a furnace maintained at 400° (see 
above). The benzoic acid eliminated was 91% of the theoretical. The product was chromatographed 
with the following results, each fraction being recrystallised once from methanol. 


Fraction no. Eluent. 
: Positive Tortelli-Jaffé re- 
~ —) of light petroleum ie. ee ae: 
60 ml. ,, on admixture with chol- 
60 onl, “= esta-2:6-diene, m. p. 


70—71°. 
30 ml. each of 1% increasing to 50% 
benzene-light petroleum 
30 ml. of 60% benzene-light petroleum 
30 ml. ”” ””? ” 
30 ml. 
30 ml. 


Positive Tortelli-Jaffé re- 
* ” ” action. 
. of 70% benzene-light petroleum 

111—112 


ml. oo ” ” 
50 ml. of 80% benzene-light petroleum trace 


Fractions 1—4 were combined and recrystallised repeatedly from methanol without significant 
change in m. p.; [a]p +11° (c, 0-68). They were clearly inseparable mixtures of cholesta-2 : 6- and 
-2 : T-diene. Fractinns 15—21 inclusive were shown to be mixtures of cholest-6-en-3f-yl acetate and 
cholest-7-en-38-yl acetate. The composition of the mixtures was calculated, as indicated in the table 
below, from the observed rotations, on the assumption of [a]p as —89° and +0°, respectively, for the pure 
acetates. 


Calculated from [a]p. 


6-en acetate, 7-enacetate, 6-enacetate, 7-en acetate, 
Fraction no. Wt., mg. {a]p. %. %. , mg. 
—63° 71 29 
—45 51 49 
—36 40 60 
—29 33 67 


* Estimated. 


Totals of 86 mg. (46%) of cholest-6-en-38-yl acetate and of 95 mg. (52%) of cholest-7-en-3f-yl acetate 
were found. In order to confirm the presence of cholest-7-en-38-ol, fractions 17—20 were combined, 
hydrolysed, benzoylated, and chromatographed into two fractions, m. p. 133—134° and 142—143°. 
The second of these was recrystallised four times from-chloroform—methanol and then had m. p. 148— 
149°, [a]p +0° (c, 0-37). After three further crystallisations, cholest-7-en-38-yl benzoate was obtained 
with m. p. and mixed m. p. with an authentic specimen (Part VII, J., 1949, 214), 153—154°. 

Pyrolysis of Cholestan-3B-yl Benzoate.—1 G. of cholestanyl benzoate was pyrolysed by distillation at 
1-5 mm. during 1 hour in a current of dry, oxygen-free nitrogen through a furnace maintained at 400°. 
The benzoic acid eliminated was titrated and corresponded to 80% of the theoretical. The distillate was 
chromatographed to give, after recrystallisation from ethyl acetate-methanol (long needles), cholest-2- 
ene (neocholestene), m. p. 67—68°, [a]p +-62° (c, 5-90), +63° (c, 4-90). 

Fractionation of Cholest-8(14)-en-38-ol and its Acetate—5 G. of isodehydrocholesteryl acetate (Part 
VII, loc. cit.), very kindly provided by Professor A. Windaus (of Géttingen) to whom our best thanks are 
due, was hydrogenated in ether—acetic acid solution with a platinum catalyst. After being worked up in 
the usual way and recrystallised once from ethyl acetate-methanol, pure “ a’’-cholestenyl acetate, 
m. p. 77—78°, was obtained in almost quantitative yield. Six recrystallisations did not change the 
m. p. (77-5—78°) ; [a]p, initially +10-4° (c, 17-1), was finally +9-9° (c, 6-8) ; [M]p was +43°. Hydrolysis 
of “ a’’-cholestenyl acetate, =. after one recrystallisation from ethyl acetate—methanol, “ a ”’ cholest- 
enol, m. p. 118-5—119-5°. Six isations did not change the m. p.; the final [a]p was +21-4° 
(c, 6-5). [M]p was +83°. The A, value for “ a’’-cholestenol was thus —40°, in exact agreement with 
that found previously (Part IV, Joc. cit.) for “‘ a ’’-ergostenol. 





This work was carried out during the tenure of an I.C.I. Fellowship by one of us (D. H. R. B.). We 
thank the Chemical Society for a grant. 
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518. The Dissociation Constants of Some p-Alkoxybenzoic Acids. 
By G. W. K. Cavitt, N. A. Grsson, and R. S. NyHoim. 


The dissociation constants for a series of p-alkoxybenzoic acids have been determined by 
pH measurements with a glass electrode on buffered solutions of the acid with its sodium salt in 
aqueous organic solvents. Extrapolation of these values gives K, values com ble with 
those obtained by other methods. Acetone has been found to be the most suitable solvent for 
this purpose. 


Tue determination of the dissociation constants for weak organic acids which are only slightly 
soluble in water presents several problems. The common method, namely, measurement of 
the pH of a partly neutralised solution of the organic acid in water, is not reliable when the acid 
is very slightly soluble. The conductimetric method gives good results with very slightly 
soluble acids when suitable precautions are taken. The solubility of p-methoxybenzoic acid is 
0-2 g./1000 ml. at 25°, and reasonable values being assumed for the ionic mobilities, the specific 
conductance of a saturated solution is 60 x 10-* reciprocal ohms per c.c.; as the conductivity 
of water is of the order of 10-* reciprocal ohms per c.c., corrections for carbon dioxide and 
impurities in the water must be carefully considered. Dippy (Chem. Reviews, 1939, 25, 151) 
has discussed this problem and has shown that excellent results can be obtained by the 
conductivity method, particularly for reasonably soluble acids; however, it is often desirable 
to have a less elaborate method for general use. 

The solubility of these acids may be increased considerably by the addition of organic solvents 
such as acetone or alcohol to the aqueous solution; a decrease in the thermodynamic activity 
of the hydrogen ion occurs, but as a rule the enhanced solubility more than offsets this decrease. 
Use has been made of this fact by several workers to measure Kg values by determining the 
apparent pH of an equimolecular solution of a weak organic acid (or base) and its salt in 50% 
aqueous methanol or ethanol. Mizutani (Z. physikal. Chem., 1925, 118, 318, 327) measured the 
apparent pK values for many acids and bases in different mixtures of methanol—water and 
ethanol—water, and although he showed that in 50% methanol the correction varied for different 
acids and bases, several workers have adopted the procedure of adding 0°5 pK unit to the value 
so obtained to get an approximate pK value in water. The validity of this correction is very 
limited; Table I shows that in the present investigation a correction of more than 1 pK unit is 


TaBLE I. 
pK Values for benzoic and p-hydroxybenzoic acids in mixed solvents. 
K Value in 50% solvent : 
pK Value, P sted Tac 
in water. Methanol. Ethanol. m-Propanol. Acetone. 
5-49 5-68 
1-32 4 1-51 
5-96 6-13 
1-47 1-64 





necessary, and it varies with different acids. Little systematic work has been reported on pH 
measurements in non-aqueous and mixed solvents; for references to this and related work 
Dippy’s review (loc. cit.) should be consulted. 

The present investigation was designed to determine whether pK values comparable with 
those obtained by other methods could be derived by extrapolation of a curve of pH against 
% of organic solvent for the solution of a half-neutralised organic acid. Two series of experi- 
ments were undertaken: (1) Using benzoic and p-hydroxybenzoic acids, for which pK values 
are known with accuracy, the curve of apparent pK, (pK,’) against % of organic solvent was 
determined to compare the effects of the various solvents and indicate a suitable one for the 
purposes of extrapolation: solvents used were methanol, ethanol, m-propanol, acetone, and 
dioxan. (2) Using acetone as a suitable solvent, the K, values of certain slightly soluble 
p-alkoxybenzoic acids were measured. These acids were chosen initially because their K, 
values were required in connection with an investigation of their fungistatic activity, to be 
reported later. 

The E.M.F. measurements with a glass electrode were carried out on buffered solutions of 
the organic acid together with its sodium salt to obtain figures of “‘ apparent pH ” (pH’) from 
which an extrapolation to zero concentration of the organic acid was made. It must be 
emphasised that no theoretical meaning is attached to these values of apparent pH in mixed 
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solvents, as the electrode had not been standardised under the same conditions; they are 
required only for the purposes of obtaining an extrapolated pH in water. 


Fic. 1. 
PK,’ of the p-alkoxybenzoic acids in aqueous acetone. 
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The results are shown in Figs. 1 and 2 and in Tables I, II, and III. Fig. 1 shows that for 
similar acids the decrease in the apparent pK values with increasing amount of organic solvent 
is of the same order, and of the solvents tried, parallelism is best for acetone. Methanol and 
ethanol were considered unsatisfactory as they do not give a sufficient increase in solubility of 
the acid; m-propanol was considered undesirable because anomalous behaviour at a concen- 
tration of 30% of solvent made extrapolation doubtful. Acetone was better than dioxan, 


Taste II. 


pK’ of benzoic acid in partly aqueous solvents. 


Solvent, Solvent, 
%. MeOH. EtOH. PrOH. COMe,. C,H,0,. %. MeOH. EtOH. 
00* 4: 4-21 4-21 4-21 . . 4-46 
4:17 447 4:17 . — 
_— — 4-18 . 4-66 
4:17 4:17 4:19 . — 
418 418 4-21 . . 5-22 
4-21 4-22 4-27 . . 5-84 
4-27 4-32 4-38 : — 
— 4-47 —_ mo - 6-54 
* Corrected values. 


. COMey. C,H,0,. 
4-62 
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6-92 
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TABLE III. 
pK’ of p-hydroxybenzoic acid in partly aqueous solvents. 


Solvent, 
. COMe,. C,H,0,. %-. MeOH. EtOH. PrOH. COMe,. C,H,0,. 
4-53 _ oe 
. 5-17 . . 5-59 
596 6 6-58 
6-69 ° “ 7-71 
7-12 . . 8-25 
7-52 . . 8-79 


tio = 
SSoeveeoe 
oooocooooo’ 

o oe 


* Corrected values. 


Fic. 2. 
PK,’ of the p-alkoxybenzoic acids plotted against x1:**, where x is the percentage of acetone. 
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Note to Figs. 1 and 2.—As many of the lines in these diagrams would overlap, the values for some of the 
acids have been displaced vertically as shown : 











Displacement. Legend. 
Nil 

—0-6 pK unit 

—0-4 


p-Butoxybenzoic 
p-Amyloxybenzoic 
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as regards both increase in solubility and parallelism of curves. In Table I the difference 
between the apparent pK in water-solvent mixtures containing 50% of solvent and the pK in 
water is shown; for all the solvents used the correction exceeds 1 pK unit and for ethanol lies 
between 1*1 and 1°5. These figures show that the empirical correction of 0°5 pK unit is quite 
inapplicable to this series of acids. The figures in Tables II and III show that the less polar the 
solvent, the steeper is the pK,-% of solvent curve. There is a progressive increase in pK, at 
70% of solvent as one passes along the series, methanol, ethanol, m-propanol, acetone, dioxan. 
This increase with decreasing polarity is not unexpected. 

The results of measurements of pK, values for the series of p-alkoxybenzoic acids in acetone 
are given in Figs. 1 and 2. All of the curves are parallel to within 0:1 pK unit and all obey an 
empirical equation of the type : 

pK,’ = pK, + nx 


where » is a constant for each acid and x is the percentage of organic solvent. The parallelism 
is shown best by Fig. 2, which gives a convenient method of obtaining pK, for this series even 
when only three values of pK,’ are available at a fairly high percentage of solvent. The extra- 
polation is based on the assumption that the curves for the higher members of the series remain 
parallel at lower percentages of solvent. Justification for this assumption is provided by the 
excellent agreement obtained for the K, of p-methoxybenzoic acid with K, values measured 
by other methods. As an empirical rule the pK, value can be obtained for any member of this 
series by adding 1°6 to the apparent pH of a 50% acetone solution. The pK, values obtained 
are listed in Table IV, together with those obtained by other workers, for comparison. Some 


TABLE IV. 
Ri pK found by other workers. 
in - Rn 
R-C,H,CO,H. pKinem. (20°). Kinerm. X 10°. (1) at 25°. (2) at 20°. (3) at 25°. 
4-18 . 4-20 





6- 
3 
3- 
3- 
3 
3- 


Canad 


te 
) 


(1) Branch and Yabroff, J. Amer. Chem. Soc., 1934, 56, 2568 (potentiometric). 
(2) Jones and Speakman, J., 1944, 19 (potentiometric). 
(3) Dippy, Chem. Reviews, 1939, 25, 151 (conductimetric). 


of these were obtained at 25° but all measurements quoted in this paper were carried out at 
20°; the figures are comparable, however, for the variation of pK with temperature in this 
region is quite small. There is good agreement between the pK values obtained by each group 
of workers for benzoic, p-hydroxybenzoic, and anisic acids. However, our results for p-ethoxy- 
and p-n-propoxy-benzoic acids differ from those obtained by Jones and Speakman (J., 1944, 19) 
and call forcomment. On theoretical grounds one might not expect more than a slight increase 
in the pK, values as one passes from the p-methoxy- to the higher p-n-alkoxy-benzoic acids. 
Such a trend, which is found in our results, has been observed for the n-alkoxyacetic acid series 
by Palomaa (Chem. Zentr., 1912, 2, 596). 

Throughout this paper, pH and pH’ indicate pH values in water and mixed solvents, respec- 
tively, whilst pK, and pK,’ refer to the corresponding pK values, where pK, = — log K,. To 
obtain thermodynamic dissociation constants, Ktnerm., @ correction for the ionic strength of the 
solution is necessary. For the equilibrium of the acid in water, HA =» H* + A~, we have 


Kherm. = 4n+4,-/@n4 = O5+Cg-fy-/CHa 
where f,- is the activity coefficient for the anion, the activity coefficient for the un-ionised acid 
HA being taken as unity. From the above expression, 
PK therm. = — log Kg = pH — log ay-/ag, = pH — log f,- 


The activity correction is calculated from the simplified Debye-Huckel equation, — log f = 
0°5022%4/T at 20°, z being the valency of the ion and J = }z% = ionic strength. For an m/200- 
solution of the sodium salt of a monobasic acid J = 0°005; hence — log f = 0°0357, and to 
correct pK, values obtained by extrapolation of pK,’ values it is necessary to add 0°036 to the 
figures so measured; then pKinerm. = PKg + 0°036. 
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EXPERIMENTAL. 


Materials.—The p-hydroxybenzoic acid was obtained by prolonged alkaline hydrolysis of the methy} 
ester and was finally thrice recrystallised from distilled water. The benzoic and anisic acids, obtained 
from commercial sources, were similarly recrystallised before use. The tion of the p-alkoxy- 
benzoic acids has been described previously (Cavill and Gibson, J. Soc. Chem. Ind., 1947, 66, 274). 

The solvents employed were first dried, the alcohols over calcium oxide, acetone over sodium 
hydroxide, and dioxan over sodium, then fractionated through ground-glass apparatus, care being taken 
to exclude moisture. 

Solutions.—All measurements were made on solutions containing both the acid and its sodium salt 
at concentration m/200. Appropriate A gor npowr of the organic acid dissolved in the organic solvent and 
standard sodium hydroxide were mixed with sufficient water to give the different concentrations of the 
solvent. In all cases the % of solvent is on a volume basis, * oF of solvent meaning that # ml. of pure 
solvent were used, the solution being eventually made up to 100 ml. with water. A ical example 
was benzoic acid in 10% dioxan: 0-02n-benzoic acid (25 ml. aqueous), dioxan (5 ml.), and 0-05n- 
sodium hydroxide (5 ml.) were mixed, and distilled water added to a volume of 50 ml. at 20°. The 
concentration m/200 for the organic acid was chosen as the highest practicable concentration obtainable 
for the least soluble acid of the series in mixed solvent containing 30% of water. 

Measurement of pH Values.—All measurements were taken at 20° by means of both a Cambridge 
Portable pH meter and a Leeds Northrup instrument. The instruments were calibrated against 0-05m- 
potassium hydrogen phthalate, the pH of which was taken as 4-00. The standardisation of the instru- 
ment was re-checked after each determination, and in no case was the drift greater than 0-01 pH unit. 
Three measurements were taken for each acid at each concentration and results agreed to within 0-01 
pH unit. Temperature drift during measurements was less than 0-2° except with 90% acetone, for 
which it was as high as 0-8°. This was not serious, however, as a change in temperature of 1° caused a 
pH change of less than the minimum detectable sensitivity (0-01 pH unit). With the more volatile 
solvents, such as acetone, considerable difficulty was experienced when taking measurements in solutions 
containing 10% of water due to evaporation: such results tend to be slightly low. 


THE TECHNICAL COLLEGE AND THE UNIVERSITY, 
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519. Polarography of Quinoline Derivatives. Part V. Ampero- 
metric Titration of Copper with Quinoline-8-carboxylic Acid. 


By Joun T. Stock. 


Copper in faintly acid solution may be titrated amperometrically with quinoline-8- 
carboxylic acid solution. Equilibrium is rapidly attained, even in solutions 1 x 10™*m. or 
less with respect to copper. Zinc, cadmium, ferrous iron, cobalt, nickel, and lead may be 
present without interference. 


THE gravimetric determination of copper by precipitation with quinoline-8-carboxylic acid 
has been described by Majumdar (J. Indian Chem. Soc., 1941, 18, 419). Gilbreath and 
Haendler (Ind. Eng. Chem. Anal., 1942, 14, 866) showed that in the pH range 3°5—4°0, copper 
could be quantitatively separated from at least half its weight of either cadmium or zinc, and 
from unspecified amounts of lead, nickel, mercury, and cobalt ions. The polarographic 
behaviour of quinoline-8-carboxylic acid having been elucidated (Stock, Part III, this vol., 
p. 763), the present work deals with the use of this reagent for the amperometric titration of 
copper in concentrations less than 3 x 10°. 


EXPERIMENTAL. 


Quinoline-8-carboxylic Acid Solution—The acid was prepared as described in Part III and used to 
prepare a 0-025m-stock solution in 50% aldehyde-free ethanol. This solution was diluted as required 
with the same solvent mixture. 

Buffer Solutions.—Hydrochloric acid—sodium acetate buffers, 0-2m. with respect to sodium acetate, 
were used throughout, and were examined polarographically for reducible impurities. pH Measurements 
(quinhydrone electrode) were made at room temperature. 

Copper Sulphate Solution.—A 0-1m-stock solution was prepared from the B.D.H. “ AnalaR ”’ salt, 
standardised gravimetrically by precipitation with quinaldinic acid (Ray and Bose, Z. anal. Chem., 
1933, 95, 400), and diluted as required with the appropriate buffers. In all cases, the diluted solutions 
contained 0-03% of gelatin. 

Apparatus and General Procedure.—These were as in Part IV (this vol., p. 1793). The characteristics 
of the dropping-mercury electrode were: m = 1-51l mg. sec., # = 3-08 sec., mlszgile — 1-588 
(determined on open circuit in 0-1N-potassium chloride at 25°). Mercury-pool anodes were used in all 
experiments, and current readings were corrected for the diluting effect of the added reagent (Kolthoff 
and Lingane, ‘‘ Polarography,’’ New York, 1941, p. 450). 

Titration of Copper.—Since quinoline-8-carboxylic acid is not reduced at an applied voltage (E,) 
of —0-4 (cf. Part III), titration of copper under these conditions should cause the current to fall to 
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a small value near the ee yoy and then to remain sensibly constant as more reagent is added. 
Attempted titration with 5 x 10-*m-quinoline-8-carboxylic acid solution of 1-0-ml. portions of 
1:75 X 10-*m-copper solution buffered at pH 3-0 failed completely, the current still decreasing after 
the theoretical titre (0-7 ml.) had been exceeded by 50% (Fig. 1, curve I). Repetition at pH 4-0 gave 


Fie. 1. 





Current, microamps 











02 04 06 O8 0 K2 
Vol. of Reagent, ml. 


Curve I, pH 3-0; II, pH 4-0; III, pH 5-0. 
Fic. 2. 





Current, microamps 











02 O83 O4 OF O06 
Vol. of Reagent, ml. 


Titration with 5 x 10-*m-quinoline-8-carboxylic acid solution of 0-9-ml. portions of pH 5-0 buffer containing 
0-03% of gelatin and the following concentrations of copper: curve I, 0-25 x 10-°m.; II, 0-5 x 10°*M.; 
III,1 x 10°. 


4 titration curve of the expected shape (Fig. 1, curve II), but pronounced rounding in the region of the 
end-point, indicative of the appreciable solubility of the pitate, occurred. Increasing the pH to 
5-0 gave well-defined titration curves (cf. Fig. 1, curve III), from which accurate results are obtainable 
(see Table II). Equilibrium is established rapidly at room temperature, and the titration may be 
performed directly or by running the copper-containing solution into that of the reagent. 
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Although the main waves of quinoline-8-carboxylic acid are poorly defined in a medium of pH 5-0, 
titration at an applied voltage of —1-35 enables V-shaped curves (Fig. 2) to be obtained. yp 
results are given in Table I. 


TABLE I. 


Titration of copper in pH 5-0 buffer containing 0-03% of gelatin with quinoline-8-carboxylic acid 
solution. Temp. = 14—18°; E, = — 1-35 volt. Interval between additions, 4 mins. 


Concns., X 10m. Titres, ml. 
Reagent. 
25 
25 
5 . 
5 . 0-358, 0-362 
5 ° 0-182, 0-181 
5 ; 0-099 


Titration of Copper in the Presence of Other Metallic Ions.—In an attempt to titrate zinc under the 
above conditions, no precipitate was formed, and, using an applied voltage of —1-35, the current was 
found to increase linearly with the volume of reagent added. Similar results were obtained with cadmium. 
Titrations of copper in the presence of zinc and of cadmium at an applied voltage of —0-4 (under which 
conditions copper is the only wave-forming substance) showed no signs of co-precipitation. Cobalt, 
manganese, lead, ferrous iron, and nickel likewise did not appear to interfere. beat for lead, which 
was hag as the acetate, the foreign ions were introduced as sulphates. Results obtained are given in 
Table II. 


TABLE II. 


Titration of 1-ml. portions of pH 5-0 buffer 1-75 x 10-°m. with respect to copper and containing 
0-03% of gelatin and foreign ions. Reagent: strength = 5 x 10-*m.; theoretical titre = 0-700 ml.; 
temp. = 14—16°; E, = — 0-4 volt; interval between additions, 4 mins. 


Foreign Concn., Titres, Foreign Concn., Titres, Foreign Concn., Titres, 
ion. x 107M. ml. ion. x 107M. ml. i 
0-700, 0-697, Zn 5-0 0-696 
0-701 m . 0-701 
0-699 Co 0 0-699 


5- 
0-696 30-0 0-697 
5- 


0-697 Mn 0 0-701 
0-698 a 30-0 0-700 


The author thanks the Chemical Society for a grant. 
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520. The Halides of Columbium (Niobium) and Tantalum. 
Part II. The Vapour Pressure of Tantalum Pentaiodide. 


By KENNETH M. ALEXANDER and FRED FAIRBROTHER. 


Tantalum pentaiodide has been prepared by heating the metal in iodine vapour by means 
of high-frequency induction currents. It forms shiny black crystals which can be sublimed 
without decomposition; m. p. 496°; b. p. 543°. Measurements have been made, by a static 
method using a Bourdon-type sickle gauge, of its vapour pressure over a range of temperatures. 
It is not reduced by metallic tantalum at 550° but is thermally decomposed on the surface of 
incandescent tantalum. 

The iodide of columbium, prepared by the action of heated columbium on iodine vapour, 
forms brass-like crystals which are instantly attacked on exposure to the air and which lose 
iodine on gentle heating. 


THE iodides of columbium and tantalum have received little attention. Unsuccessful efforts to 
obtain an iodide of tantalum were made both by Rose (Pogg. Aun., 1856, 99, 65, 575) and by 
Moissan (Compt. rend., 1902, 184, 211). Moissan stated briefly that tantalum powder does not 
react with iodine vapour at 600°. Van Haagen (J. Amer. Chem. Soc., 1910, 32, 729) prepared 
tantalum pentaiodide by repeated distillation of the pentabromide in a current of hydrogen 
iodide. The product was described as forming dark, nearly black lamellz bearing a remote 
resemblance to iodine crystals, and could be distilled in a current of carbon dioxide without 
separation of iodine. 

Barr (ibid., 1908, 30, 1668) stated that he had prepared from columbium bromide, an impure 
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iodide which was quite stable but was freed from bromide with difficulty: it was apparently 
not analysed or examined further. K6résy (ibid., 1939, 61, 838), as a corollary to a search for a 
metal which would be resistant to iodine vapour at high temperatures, investigated the direct 
reaction between iodine vapour and the heated metals: a coil of the metal wire was heated 
electrically, through molybdenum leads soldered to its ends, in an atmosphere of iodine. He 
states that both metals react with iodine vapour at a dull red heat, but it appears to have been 
necessary to heat the filaments to 1300—1600° for the completion of the reaction. He found 
that whereas tantalum pentaiodide was stable at least up to 500°, columbium pentaiodide easily 
dissociated at its sublimation temperature (about 400°) and appeared to be unstable at any 
temperature above 200°. In the present work we have confirmed this great difference in thermal 
stability of the two pentaiodides. 

The use of a metal filament in the above manner has, however, obvious disadvantages as a 
method of preparation, chief among which is the limitation of the amount of iodide which can be 
prepared in a single experiment: any inequality in the wire leads progressively to a higher 
temperature and increased reaction of the thinner portions, with ultimate “ burn-out ”’ of the 
filament before it has completely reacted. We have now prepared these compounds in greater 
amount, and also avoided any impurities which might result from the action of iodine vapour 
on the electrical leads, by heating a coiled sheet of the metal in iodine vapour by high-frequency 
electrical induction currents. 

The resulting tantalum pentaiodide has been purified by frattional sublimation in a vacuum, 
and its vapour pressure determined over a range of temperatures: there is no evidence of any 
dissociation below its boiling point (543°/760 mm.). The pentaiodide vapour at the boiling 
point is not reduced by the metal, but is decomposed with evolution of clouds of iodine vapour 
on the surface of incandescent tantalum: this would appear to be a thermal decomposition. 
The pure tantalum pentaiodide solidifies to shiny black crystals. 

The reaction between columbium metal and an excess of iodine under similar conditions 
leads to the formation of well-defined crystals, sometimes several mm. long, with a marked 
metallic lustre, greatly resembling a mass of coarse brass filings. These cannot be distilled in a 
vacuum but fall to a dark powder with evolution of iodine when gently warmed. On opening 
the preparation tube, the product is immediately attacked by the atmosphere, with the disappear- 
ance of the brass-like lustre and with evolution of hydrogen iodide. Repeated attempts were 
made to analyse these brass-like crystals, with somewhat inconsistent results arising from the 
difficulty of separating them quantitatively from traces of metal and lower iodides and from the 
fact that they are so rapidly attacked on exposure to the air. The results, however, suggest 
that they are essentially crystals of CbI;. When they are heated in a vacuum, iodine is given off 
at a low temperature, and on further heating sublimates and residues of variable composition 
are obtained, so that vapour-pressure measurements of the undissociated pentaiodide cannot 
be carried out. It is intended to make a further investigation of these iodides of columbium. 


EXPERIMENTAL. 


The essential feature of the preparation was the poe of iodine vapour at a pressure of 1—2 atm. 
in an otherwise evacuated tube, over a sheet of metal kept at the requisite temperature by radio-frequency 














2 


induction currents. Several forms of reaction vessel were tried. The two final forms are shown in 


ig. 1: “ was used for the preparation of the tantalum iodide, and (b) for the reaction with columbium. 
x 
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The vertical limb of (a) enabled this to be cooled in liquid air during the evacuation of the tube. I 
was found later, however, that cooling by solid carbon dioxide was satisfactory, which enabled the simpler 
form of apparatus (b) to be used, and permitted the use of external heater tubes in place of the nichrome. 
tape windings on the reaction tube (a) itself. This form of apparatus would be equally suitable for the 
preparation of tantalum pentaiodide. 

A sheet of pure metal, usually 0-004 inch to 0-006 inch thick, weighing from 2 to 2-5 g., was formed into 
a loose cylinder of about }-inch diameter, A, and placed in a silica combustion boat, B, which was in 
turn surrounded by a short length of clear silica tubing to protect the outer (Pyrex) vessel. These were 
then introduced into the reaction vessel together with a slight excess of A.R. iodine, the latter cooled 
pak pm ob air or solid carbon dioxide, and the reaction vessel evacuated (to about 10-*—10* mm) 
and sealed. 

The portion of the reaction vessel containing the silica boat and metal cylinder was then enclosed by 
the output coil C, of a G.E.C. 1 kw. high-frequency induction heater operating at about 107 cycles per 
second: a variable transformer in one of the primary phases permitted a certain degree of control of 
the energy input to the metal. By this means the metals could be heated to any desired temperature 
up to their fusion points. In practice the metal, as observed by a “ disappearing-filament ’’ optical 
pyrometer, was heated to temperatures between 800° and 1500°, but in view of the high frequency of 
the heating current it is certain that the temperature of the surface, and therefore of the sphere of reaction 
was much higher. Loose powdered columbium was found to be unreactive in this method of prepar- 
ation, as the energy absorption was inadequate to maintain the necessary temperature: -inch diameter 
H.S. brand columbium rods were found to be little better with the power available. Both metals were 
therefore used in the form of a sheet coiled into a loose cylinder, with its axis parallel to that of the output 
coil. The diameter and number of turns of the latter were adjusted so as to give the required ene 
transfer. The nichrome windings N on tube (a), or the auxiliary heaters H around tube (b), were brought 
as near the reaction zone as the radio-frequency field of the output coil permitted. The radiation from 
the heated metal served to keep the reaction zone and the intervening spaces at a sufficiently high 
temperature to prevent condensation of iodine. In some early experiments the metal was heated inter- 
mittently, e.g., 2—10 seconds “‘ on,”’ 5 seconds “ off,’’ to prevent undue heating of the Pyrex outer tube. 
It was found, however, that by directing an external air blast between the turns of the water-cooled 
output coil, on to the centre of the reaction zone, the metal cylinder could be maintained at a temperature 
of about 1200° for 30—40 minutes without collapse of the outer tube. By heating both ends of the 
reaction tube, the iodine atmosphere could be kept at any desired pressure, and by allowing one end to 
cool slightly, a stream of iodine vapour could be passed over the metal to sweep the product from the 
reaction zone: this became necessary from time to time to prevent the tube from becoming blocked by 
the solid iodide. 

The rate of reaction appeared to depend greatly on the temperature of the metal and the pressure of 
the iodine vapour, both of which were difficult to adjust precisely. It was difficult to observe the exact 
temperature at which rapid formation of iodide took place, but it was apparent that a pressure of iodine 
in excess of 1 atm. was desirable. Moreover, in view of the temperature of the reaction it seems probable 
that the iodination is accomplished essentially by atomic iodine. 

In some experiments the reaction was relatively rapid; in others it was very slow. In one experi- 
ment, for example, about 2-5 g. of tantalum at a temperature of 900—1500° in iodine vapour at about 
1 atm. pressure, required a total of some 10—15 hours for complete reaction: in other experiments a 
similar amount of columbium reacted during the course of 10—15 minutes. In general, the reaction 
with columbium appeared to take place more readily than with tantalum. The induction heating 
became less efficient towards the end of the operation, as the metal cylinder began to disintegrate. The 
preparation was discontinued when the reaction zone, after cooling of the tube, no longer became warm 
on application of the high-frequency field. 

In the case of tantalum pentaiodide, at the conclusion of the reaction, the product was sublimed into 
one end of the reaction tube E, which was then cut off and sealed in a vacuum sublimation chain as 
described in Part I (this vol., p. S 223) but consisting only of some eight fractionation bulbs. Excess of 
iodine was removed by prolonged heating in a vacuum at 120—140°. The iodide was then sublimed at 
about 500°, at which temperature a dense brown vapour passed over and condensed to black crystals 
with a metallic lustre cal 4 which hydrolysed rapidly when exposed to the air (Found: I, 77-7+0°8. 
Calc. for Tal,: I, 77-8%). When all the pentaiodide had sublimed from the preparation tube, a small 
quantity of a brick-red powder (black when hot) remained. This was involatile at 600° and did not fume 
in moist air. Analysis showed it to contain less iodine than corresponds to Tal (Found : I, 38-5. Cale. 
for Tal: I, 41-2%). A similar brick-red powder was obtained by the action of incandescent tantalum 
on the pentaiodide vapour. 2 G. of purified pentaiodide (sufficient to give a saturated vapour) were 
sealed in an evacuated tube with a cylinder of sheet tantalum. The tube was kept at several temper- 
atures up to 550°, the metal receiving no additional heating. On cooling, the tantalum pentaiodide 
condensed without apparent action on the metal, or liberation of free iodine, the metal remaining bright. 
This was then repeated, and the tantalum further heated by induction to 1000—1500° : a considerable 
amount of iodine was liberated, the metal was attacked, and a red deposit of a lower iodide formed in 
the immediate neighbourhood of the heated cylinder. This reaction would appear to be one rather ofa 
thermal decomposition of the pentaiodide than a reduction by the metal. The further investigation of 
the reduction of the pentaiodide was deferred. It may be noted that Kérésy (loc. cit.) reported the 
formation of products with less iodine than necessary for the monoiodide, by the action on the penta- 
iodide of a coil of tantalum wire heated electrically to 1300—1600°. 

Analysis.—These compounds are insoluble in dilute nitric acid, though doubtless it will liberate most 
of the iodine as hydriodic acid; the desirable complete dissolution of the sample for analysis, however, 
is not easily accomplished in the open without loss of iodine. The compounds were therefore decomposed 
in a closed system by heating with potassium pyrosulphate. An evacuated bulb containing the sample of 
iodide (0-1—1-0 g.) was opened, and its contents rapidly transferred to a tared platinum crucible and 
immediately covered by a known weight (about 10 g.) of previously fused and powdered potassium 
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pyrosulphate. The crucible and its contents were then re-weighed and transferred to the Pyrex fusion 
it shown in Fig. 2. 

ne design of this apparatus was the result of a number of trials in which it was found that the narrow 
annular space shown by S (with resultant high-speed air flow) was necessary to prevent back-diffusion 
of the products of reaction. The crucible was heated by another output coil C operated by the same 
radio-frequency induction heater as used for the preparations. The liberated iodine, together with some 
sulphur trioxide was carried out of the top of the fusion unit in a current of air, and into a vertical 
absorption tube containing glass beads immersed in a solution of potassium hydroxide (8—10 g. in 250 c.c. 
of water). Most of the iodine was evolved within the first 5 minutes of heating, at a comparatively low 
temperature, and apparently ceased after 10—15 minutes, leaving a clear, faintly yellow liquid in the 
crucible. The temperature was then raised to incipient redness (about 700°), and heating continued for 
afurther 10 minutes. Experiments showed that all the iodine was evolved and was collected by a single 
absorption column. The contents of this column were then acidified with dilute nitric acid, the iodate 
reduced by sulphur dioxide, and the iodine determined gravimetrically as silver iodide. A check on the 
iodine determinations was made by estimating the columbium or tantalum in the solidified pyrosulphate 
melt by dissolving it in concentrated sulphuric acid, diluting the solution, and estimating the columbium 
or tantalum either by Powell and Schoeller’s tannin procedure (Analyst, 1925, 50, 485) or by precipitation 
as hydroxide, filtration, and ignition. 
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The Vapour Pressure of Tantalum Pentaiodide.—These determinations were carried out in substantially 
the same manner as is described for the pentachlorides and pentabromides in Part I of this series 
(loc. cit.). A sample (about 10 g.) of tantalum pentaiodide, purified by sublimation in a vacuum, was 
re-sublimed in a vacuum into a hook-ended tube and transferred to the Bourdon-type sickle gauge. 
No trace of permanent distortion of this gauge could be observed even after its repeated use at 500— 
540°, the pointer always returning to the same zero on cooling. Pressure measurements were made at 
fixed temperatures, approached both from above (falling temperature) and from below (rising temper- 
ature) as previously described. Vapour pressures, in mm. of Hg., at 15° are given in the table and in 


Fig. 3. 
Vapour pressure of tantalum pentaiodide. 
Temp. : Temp. : Temp. : 

Rising. Falling. V.p.(mm.). Rising. Falling. V.p.(mm.). Rising. Falling. V.p.(mm.). 
307-7° -- ‘ 419-5° — 95-6 485-4° _ 322-4 

— 320-0° 428-7° ° 492-1 —_ 362-1 
334-3 o — 493-0° 373-1 

_— 350-3 
363-7 _ 

372-7 


_— 500-4 421-2 
509-0 
382-8 = 590-4 
391-7 


_ 469-4 
_ 518-5 547-3 
524-5 — 
wig _ 531-0 650-4 
402-5 me 539-1 _— 727-4 
— 411-1 


437-9 —_ 
_— 449-4 

455-8 _ 
— 464-3 

466-8 _ 
_ 478-5 
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Triple pt. B. p. (760 mm.). L,, kcals. L,, keals. Ly, kcals. 
496° + 2° 543°+0-5° 19-7 18-1 16 
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Estimates of the latent heats of change of state were calculated Ld the Clausius—Clapeyron equation 
from the log p-1/T relation (Fig. 4); L,, L,, and Ly (the last by difference) refer, respectively, to the 
molar heats of sublimation, volatilisation, and fusion. Owing to the small heat of fusion, the triple 
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point is not sharply defined, but estimates from both a large-scale p-# curve and the log p-1/T relation 


indicate a triple point of 496°+2°. A short extrapolation of the p-? curve gives the boiling point at 
760 mm. as 543°+0-5°. 
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521. Nucleotides. Part III. Mononucleotides derived from 
Adenosine, Guanosine, Cytidine, and Uridine. 
By A. M. MicHELtson and A. R. Topp. 


The following nucleotides have been synthesised by procedures clearly defining the position 
of the phosphoryl group : adenosine-2’ phosphate, adenosine-3’ phosphate (yeast adenylic acid), 
guanosine-2’ phosphate, guanosine-5’ phosphate, uridine-3’ phosphate (uridylic acid), uridine-5’ 
phosphate, cytidine-2’ phosphate, and cytidine-5’ phosphate. Unambiguous synthesis of the 
3’-phosphates gives conclusive proof of the structures of the natural nucleotides of adenosine, 
uridine, and cytidine, derived from yeast ribonucleic acid; the structure of guanylic acid is 
deduced by elimination. The preferential Une mae weg of the 3’-hydroxy] group in 5’-trityl- 
nucleosides is noted and an improved method for the synthesis of D-ribofuranose-5 phosphate 
presented. Correlation of the hydrolytic stabilities of all twelve possible ribonucleotides shows 
that the ready alkaline fission of yeast ribonucleic acid cannot be ascribed to the marked lability 
of a single specific phospho-ester linkage. 


ONLY in the case of muscle adenylic acid (adenosine-5’ phosphate) has the location of the 
phosphate residue in a simple nucleotide obtained from natural sources been confirmed by 
unambiguous synthesis (Levene and Tipson, J. Biol. Chem., 1937, 121, 131; Bredereck, Berger, 
and Ehrenberg, Ber., 1940, 73, 269; Baddiley and Todd, /., 1947, 648). Convincing evidence 
in favour of the. 3’-phosphate structure for the four nucleotides derived from yeast ribonucleic 
acid (yeast adenylic, guanylic, cytidylic, and uridylic acids) has been presented, but such 
syntheses as have been reported are ambiguous and, as practical methods of preparation, very 
unsatisfactory. In addition to these five natural nucleotides, seven other nucleotides derived 
from adenosine (I), guanosine (II), cytidine (III), and uridine (IV) are theoretically possible ; of 
these uridine-5’ phosphate (Levene and Tipson, jJ. Biol. Chem., 1934, 106, 113), uridine-2’ 
phosphate (Gulland and Smith, J., 1947, 338), and cytidine-2’ phosphate (Gulland and Smith, 
J., 1948, 1527) have been synthesised by methods which leave no doubt as to their constitution. 
As a preliminary to studies on the nature of the internucleotidic linkage in the ribonucleic acids, 
it was clearly desirable that all twelve possible nucleotides should be compared as regards their 
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stability to hydrolytic agents and also made accessible as intermediates for synthetic work. 
Attention has therefore been directed to the synthesis of the missing members of the series and, 
at the same time, of nucleotides derived from yeast ribonucleic acid. 

Hitherto the only reported synthesis of yeast adenylic acid has been that of Barker and 
Gulland (J., 1942, 231), who obtained it in very small yield by direct treatment of adenosine 
with phosphoryl chloride in presence of barium hydroxide, a method which is ambiguous as 
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regards location of the phosphate group. Condensation of benzaldehyde with adenosine gave 
3’: 5’-benzylidene adenosine (V; R = adenine), and acetylation of this gave N® : 2’-diacetyl 
3’ : 5’-benzylidene adenosine (V1; R = N*-acetyladenine), in which one acetyl residue was 
believed (by analogy with other cases of acylated adenosine derivatives) to be located on the 
nitrogen atom of the 6-amino-group. Acid hydrolysis yielded 2’-acetyl adenosine (VII; 
R = adenine), which, on tritylation, gave a mixture of monotrityl (presumably 5’-) and ditrityl 
(presumably N® : 5’-) derivatives. As the presence of a trityl residue on the amino-nitrogen 
could not interfere with the synthesis envisaged, the mixture was directly phosphorylated with 
dibenzyl chlorophosphonate. Removal of protecting groups gave the crystalline adenosine-3’ 
phosphate (X; R = adenine), identical in all respects with adenylic acid obtained by hydrolysing 
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yeast ribonucleic acid. This synthesis provides final confirmation of the structure of yeast 
adenylic acid, which has hitherto rested on the production of an optically inactive ribitol 
phosphate on reduction of the ribose phosphate obtained from the deaminated nucleotide 
(Levene and Harris, J. Biol. Chem., 1932, 98, 9). 

Dibenzyl chlorophosphonate reacted readily with 3’ : 5’-benzylidene adenosine to give, in 
good yield, 3’: 5’-benzylidene adenosine-2’ dibenzyl phosphate from which 3’: 5’-benzylidene 
adenosine-2’ phosphate (XI; R = adenine) was obtained by catalytic hydrogenation. Removal 
of the benzylidene residue by acid furnished the amorphous adenosine-2’ phosphate (XII; 
R = adenine), characterised as its crystalline brucine and acridine salts. 

Previous attempts to phosphorylate guanosine and its derivatives have met with little 
success, perhaps owing to their low solubility in common organic solvents and the difficulty of 
purifying the products. Gulland and Hobday (j., 1940, 746) claimed the synthesis of 
guanosine-3’ and guanosine-5’ phosphate (albeit in minute yield) by phosphorylating the 
unprotected nucleoside with phosphoryl chloride in aqueous barium hydroxide and pyridine 
respectively, but presented little clear evidence as to the location of the phosphate residues, 
Bredereck and Berger (Ber, 1940, 78, 1124) prepared a series of derivatives leading to 2’-acetyl 
5’-trityl guanosine, but were unable to phosphorylate either this compound or 5’-trityl guanosine 
with diphenyl chlorophosphonate. In our experiments guanosine was condensed with acetone in 
presence of zinc chloride, yielding 2’: 3’-isopropylidene guanosine (XIII; R=guanine). Tritylation 
of the product was readily effected giving 5’-trityl 2’: 3’-isopropylidene guanosine. Although reac- 
tion with triphenylmethy] chloride is not always confined to primary hydroxyl groups, the ease 
of reaction in this case, coupled with the known tendency of acetone to condense with adjacent 
cis-hydroxyl groups, justifies the orientation allotted to these derivatives. A number of 
attempts were made to phosphorylate 2’ : 3’-isopropylidene guanosine, both with dibenzyl and 
with diphenyl chlorophosphonates. In every case reaction occurred, but the products before and 
after removal of the protecting groups were amorphous and heterogeneous, and could not be 
purified; it is difficult to explain the lack of success in these experiments. Phosphorylation 
with phosphoryl chloride was next tried; since 2’: 3’-isopropylidene guanosine is virtually 
insoluble in pyridine, it was dissolved in dry dimethylformamide, excess of pyridine added, the 
mixture cooled at once to — 10°, and phosphoryl chloride added. This procedure proved effective 
and the product obtained in moderate yield was isolated as barium 2’ : 3’-isopropylidene 
guanosine-5’ phosphate (cf. XIV; R= guanine). Mild acid hydrolysis of this substance gave 
the crystalline guanosine-5’ phosphate (XV; R= guanine), characterised as its barium 
and brucine salts. 

For the synthesis of guanosine-2’ phosphate (XII; R = guanine), guanosine was condensed 
with benzaldehyde to yield 3’: 5’-benzylidene guanosine, a compound which has since been 
described by Gulland and Overend (jJ., 1948, 1380), who prepared it in like manner. 
Phosphorylation of this substance with dibenzyl chlorophosphonate was not very satisfactory, 
removal of protecting groups from the product giving rather small yields of guanosine-2’ 
phosphate which was difficult to purify. Contrary to our experience with guanosine-5’ 
phosphate, phosphoryl chloride was even less satisfactory. In view of the difficulty encountered 
in synthesising this nucleotide and the unsuccessful attempts to prepare guanosine-3’ phosphate 
by Bredereck and Berger (/oc. cit.), we did not pursue the synthesis of the latter. It is in any 
case clear from our synthesis of the 2’- and 5’-isomers that guanylic acid, which differs from 
both, must, of necessity, be guanosine-3’ phosphate. 

Convincing evidence that the phosphate residue in the natural pyrimidine nucleotides uridylic 
and cytidylic acid is located at C,,,.. has been provided by the unambiguous synthesis of uridine-5’ 
phosphate (Levene and Tipson, /oc. cit.), uridine-2’ phosphate, and cytidine-2’ phosphate 
(Gulland and Smith, loc. cit.), all of which differ from the natural compounds, coupled with the 
conversion of cytidylic into uridylic acid by deamination (Bredereck, Z. physiol. Chem., 1934, 
224, 79). The synthesis of uridylic acid by direct phosphorylation of uridine with phosphoryl 
chloride (Gulland and Hobday, /oc. cit.) gives such low yields that it has little value as a prepar- 
ative method. We have synthesised uridine-3’ phosphate (X; R = uracil) by an unambiguous 
route analogous to that employed for adenosine-3’ phosphate. 3’ : 5’-Benzylidene uridine (V; 
R = uracil) (Gulland and Smith, J., 1947, 338) was acetylated, and the resulting 2’-acetyl 
3’ : 5’-benzylidene uridine (VI; R = uracil) hydrolysed to 2’-acetyl uridine (VII; R = uracil). 
Tritylation of the last-named gave 2’-acetyl 5’-trityl uridine (VIII; R = uracil), which, on treat- 
ment with dibenzyl chlorophosphonate followed by removal of protecting groups, furnished 
uridine-3’ phosphate identical with uridylic acid from yeast ribonucleic acid. Since, as mentioned 
above, uridylic acid can be prepared by deamination of cytidylic acid (X; R = cytosine), the 
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synthesis of the former also provides valid confirmation of the structure of the latter. Uridine-5’ 
phosphate (XV; R= uracil) was readily prepared from 2’ : 3’-isopropylidene uridine (XIII; 
R = uracil) by use of dibenzyl chlorophosphonate as phosphorylating agent; contrary to the 
statements of Gulland and Hobday (loc. cit.) and of Levene and Tipson (J. Biol. Chem., 1934, 
106, 113), this nucleotide gives a beautifully crystalline barium salt. A similar phosphorylation 
of 2’ : 3’-isopropylidene cytidine (XIII; R = cytosine) with dibenzyl chlorophosphonate, followed 
by removal of protecting groups, yielded crystalline cytidine-5’ phosphate (KV; R = cytosine), 
characterised as its brucine salt. Treatment of 3’: 5’-benzylidene cytidine with dibenzyl 
chlorophosphonate and removal of protecting groups from the product yielded, similarly, 
cytidine-2’ phosphate (XII; R = cytosine). Gulland and Smith (/., 1948, 1527) claim to have 
prepared this compound from 3’ : 5’-benzylidene cytidine by reaction with phosphoryl chloride, 
followed by hydrolytic removal of the benzylidene residue; their product, however, had a 
considerably lower optical rotation than ours, and the rate of hydrolysis with acid reported by 
them was quite anomalous. As can be seen from the figure, cytidine-2’ phosphate as prepared 
by us shows a behaviour on acid hydrolysis exactly analogous to that of the other purine and 
pyrimidine nucleotides bearing the phosphoryl residue in the 2’-position of the carbohydrate 
residue, i.¢., the hydrolysis curve lies between those of the 3’- and 5’-phosphate. On the 
figures given by Gulland and Smith (loc. cit.), the curve for cytidine-2’ phosphate would lie not 
only below that of cytidine-5’ phosphate but actually below the curve for any of the other ten 
nucleotides; it is difficult to account for their results except by assuming that their product was 
not homogeneous. One further point in connexion with the cytidine phosphates should be 
mentioned. Gulland and Smith (loc. cit.) attempted to prepare cytidine-2’ phosphate from 
3’: 5’-benzylidene cytidine using diphenyl chlorophosphonate; they reported simultaneous 
phosphorylation of the sugar hydroxyl and the amino-group at position 6 in the pyrimidine 
nucleus, and further, found that attempts to remove the phenyl groups by hydrogenation 
brought about reduction and deamination of the pyrimidine ring with liberation of ammonia. 
Neither with 2’: 3’-isopropylidene cytidine nor 3’ : 5’-benzylidene cytidine did we find any 
evidence of preferential N-phosphorylation when dibenzyl chlorophosphonate was used, and in 
our experiments no difficulty was experienced in removing the benzyl groups from the products 
by catalytic hydrogenation, the pyrimidine portion of the molecule being quite unaffected. 

In the course of preliminary efforts to prepare adenosine-3’: 5’ and adenosine-2’ : 3’ 
diphosphate, 2’-acetyl adenosine and N° : 5’-ditrityl adenosine were phosphorylated with dibenzyl 
chlorophosphonate. The product from 2’-acetyl adenosine was a rather intractable mixture 
which probably contained some of the desired diphosphate, but hydrogenation of the product 
from N° : 5’-ditrityl adenosine gave N® : 5’-ditrityl adenosine-3’ phosphate in an overall yield of 
75%. The structure of the latter follows from its hydrolysis to adenosine-3’ phosphate. This 
preferential phosphorylation at C,,, was also observed when 5’-trityl uridine was treated with 
dibenzyl chlorophosphonate; working up in the normal fashion gave a 50% yield of uridine-3’ 
phosphate, and there was no evidence of phosphorylation at C,,,. Bredereck and his co-workers 
(Ber., 1940, 78, 269, 1124) have already reported the producton of the natural nucleotides on 
phosphorylating 5-trityl uridine and 5-trityl cytidine and removing the trityl groups, but in 
these cases the yields were so small that it was uncertain whether, in fact, there had been a 
preferential phosphorylation at C,,,._ In the course of our work we also had occasion to prepare 
D-ribofuranose-5 phosphate. This compound we obtained readily in 86% yield by treatment 
of 2: 3-isopropylidene methyl-pD-ribofuranoside with dibenzyl chlorophosphonate, followed by 
removal of the protecting groups. This method of preparation is greatly superior to the 
phosphorylation with phosphoryl chloride described by Levene and Stiller (J. Biol. Chem., 
1934, 104, 299), which gives poor yields and necessitates a tedious purification procedure. This 
synthesis and that of all the nucleotides described in this paper, with the exception of 
guanosine-5’ phosphate, serve to emphasise the value and convenience of dibenzyl 
chlorophosphonate as a phosphorylating agent. 

Comparison of the stability, towards alkali, of all twelve mononucleotides derived from 
adenosine, guanosine, cytidine, and uridine shows clearly that the alkali-lability of yeast 
ribonucleic acid cannot be attributed to the specific lability of a known phospho-ester linkage. 
All the mononucleotides are only slightly affected when kept at room temperature for 3 days in 
1% aqueous sodium hydroxide, although under the same conditions yeast ribonucleic acid is 
hydrolysed to a mixture of nucleotides (Levene, J. Biol. Chem., 1923, 55, 9). The observation 
of Gulland and Smith (J., 1948, 1532) that diuridine-2’ : 2’ phosphate is similarly stable to cold 
alkali suggests that alkali-lability is not a characteristic feature of dinucleoside phosphates. 
Whether the instability of the natural polynucleotides is to be ascribed to the presence of two 
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phosphate ester linkages on each sugar residue, or to some unusual type of phosphate linkage 
(e.g., 1’ : 3’-) between nucleoside molecules, can be settled only by further investigation. For 
purposes of reference, acid hydrolysis curves for the twelve mononucleotides are recorded in 
the figure. 


EXPERIMENTAL. 


3’: 5’-Benzylidene Adenosine.—Adenosine (12-5 g., dried for 24 hours at 120°/1 mm.), powdered 
anhydrous zinc chloride (35 g.), and ¥ eae dry benzaldehyde (175 c.c.) were shaken in a stoppered flask 
at room temperature for 24 hours. The clear viscous solution was then slowly poured into ether (2-5 1., 
dried over potassium carbonate) with shaking, and the precipitated zinc chloride double salt rapidly 
filtered off, washed with ether, dried, and dissolved in ‘‘ Cellosolve’’ (200c.c.). Aqueous sodium hydroxide 
(120 c.c. of 10%) was added, the mixture was set aside for 10 minutes, and thén carbon dioxide was passed 
through it until the solution was neutral to phenolphthalein. Precipitated inorganic salts were filtered 
off, washed well with hot “ Cellosolve,’’ and the combined filtrate and washings evaporated to small 
volume under reduced pressure. Cold water was cautiously added to the semi-solid mass, and the 
precipitated crude products were collected, washed well with water to remove sodium salts, and recrystal- 
lised from aqueous ethanol, to give fibrous needles of 3’ : 5’-benzylidene adenosine (12-5 g., 75%), m. p. 
224° (decomp.), [a]}? —150° (c, 1-41 in pyridine) (Found, in material dried for 3 hours at 116°/1 mm. : 
C, 57-5; H, 4:9; N, 19-9. C,,H,,O,N, requires C, 57-5; H, 4:8; N, 19-7%). The picrate crystallised 
from ethanol had m. p. 203° (decomp.) (Found, in material dried for 3 hours at 80°/1 mm.: C, 47-3; 
H, 3-5; N, 19-2. C,,H,,0O,N,,C,H,O,N, requires C, 47-3; H, 3-4; N, 19-2%). 

3’: 5’-Benzylidene Adenosine-2’ Dibenzyl Phosphate.—Dibenzyl chlorophosphonate (from 8 g. of 
dibenzyl phosphite) was added to a solution of 3’: 5’-benzylidene adenosine (4 g., dried at 110°/1 mm. 
for 12 hours) in anhydrous pyridine (50 c.c.) at —30°, and the mixture kept just above its freezing point 
for 6 hours and then kept at room temperature overnight. Water (20 c.c.) and sodium carbonate (4 g.) 
were added, and the mixture was evaporated to dryness under reduced pressure. The residue was dissolved 
in chloroform, washed with aqueous sodium hydrogen carbonate and then with water, and dried (Na,SO,) ; 
removal of the solvent under reduced pressure gave a gum which was evaporated twice with ethanol and 
finally dissolved in hot ethanol (80 c.c.); this was filtered and then cooled. The clear supernatant liquid 
was decanted from a brown gummy precipitate (A) and evaporated to small volume under reduced 
pressure. Ether was added to turbidity; when the mixture was kept, fine needles of 3’ : 5’-benzylidene 
adenosine-2’ dibenzyl phosphate separated. Recrystallised from ethanol-ether, the product (4-2 g., 
60%) had m. p. 68° (Found, in material dried for 3 hours at 50°/1 mm.: C, 59-9; H, 5-0; N, 11-2; P, 
5-0. C;,H3,0,N,P requires C, 60-5; H, 4-9; N, 11-4; P, 5-0%). The precipitate A was dissolved in 
chloroform and reprecipitated by pouring the solution into light petroleum, to give a light-brown powder 
(2 g.), m. p. 80—90°, probably 3’ : 5’-benzylidene adenosine-N® dibenzyl phosphate (Found, in material 
dried for 12 hours at 50°/1 mm.: N, 11-3. C3,;H390,N,P requires N, 11-4%). 

3’: 5’-Benzylidene Adenosine-2’ Phosphate.—3’ : 5’-Benzylidene adenosine-2’ dibenzyl phosphate 
(3 g.) in 1 : 1 aqueous ethanol (200 c.c.) was hydrogenated at room temperature/1 atm. with a mixture of 

alladium and palladised charcoal catalysts. The theoretical amount of hydrogen for removal of two 
oot groups was absorbed in 24 hours. The hot solution was filtered from catalyst, the latter extracted 
with hot aqueous ethanol, and the combined filtrate and extracts were evaporated to 75 c.c. under 
reduced pressure and set aside overnight at 0°. 3’: 5’-Benzylidene adenosine-2’ phosphate separated as 
a white powder (1-3 g., 60%), m. p. 225° wok Y (Found, in material dried for 3 hours at 120°/1 mm.: 
C, 47-7; H, 4:4; N, 15-8; P, 6-9. C,,H,,0,N,P requires C, 46-9; H, 4-2; N, 16-1; P, 7-1%). 

Adenosine-2’ Phosphate.—A solution of 3’: 5’-benzylidene adenosine-2’ phosphate (1 g.) in dilute 
sulphuric acid (water 74 c.c., dioxan 25 c.c., N-sulphuric acid 1 c.c.) was heated under reflux gently for 
1 hour, neutralised with baryta, and filtered through Hyflo supercel, and neutral lead acetate solution 
was added to the filtrate. The lead salt was collected, washed with water, suspended in hot water 
(100 c.c.), and decomposed with hydrogen sulphide. The filtered aérated solution was concentrated to 
3 c.c. under reduced pressure and again filtered, and acetone (25 c.c.) was slowly added: The fine white 
precipitate of adenosine-2’ phosphate was collected, washed, and dried (0-35 g., 44%). On heating, the 
acid shrank and began to turn brown at 170—180° and melted with decomposition at 205—215° It 
was very soluble in water and could not be obtained crystalline (Found, in material dried at room 
Ps gee \e 31:0; H, 4-5; N, 18-1; P, 8-0, 8-2. CH,,0O,N,P,2H,O requires C, 31-3; H, 4-7; N, 

3; P, 81%). 

Brucine (97 mg.) in methanol (1 c.c.) was added to a solution of the nucleotide (39 mg.) in water 
(2 c.c.) and the sqlution evaporated to dryness in a desiccator. The residue, recrystallised twice from 
water, gave the dibrucine salt as colourless needles with an indefinite m. p. (165—175°) (Found, in air-dried 
material: C, 54-8; H, 6-2; N, 10-0. C,H,,O,N,P,2C,;H,,O,N,,5H,O requires C, 54-8; H, 6-2; N, 
103%). The acridine salt crystallised from water, containing a little ethanol, as yellow 
needles, m. p. 215° (decomp.) (Found, in air-dried material:.C, 52-2; H, 49; N, 149; P, 5-6. 
CyH,,0,N,;P,C,,;H,N,C,H,°OH requires C, 52-4; H, 4-9; N, 14-7; P, 54%. Found, in material dried 
for 4 hours at 110°/1 mm.: N, 15-9. C,9H,,O,N,P,C,3;H,N requires N, 16-0%). 

N¢* : 2’-Diacetyl 3’ : 5’-Benzylidene Adenosine.—A suspension of fused sodium acetate (0-1 g.) in 
redistilled acetic anhydride (30 c.c.) was heated to gentle ebullition in a round-bottomed flask fitted with 
an air-condenser and silica-gel drying-tube. The e was removed and benzylidene adenosine (2-5 g.) 
slowly added, the mixture being shaken after each addition. Excess of acetic anhydride was removed 
under reduced pressure, the resulting thick gum dissolved in dry acetone (40 c.c.) and filtered through 
Sintered glass to remove sodium acetate, and the filtrate evaporated to dryness, giving a colourless 
frothy glass which could not be obtained crystalline. Precipitation from chloroform by pouring into 
light petroleum (b. p. 60-—80°) gave a white amorphous powder (3 g., 97%), m. p. 55—65°, which retained 
traces of light petroleum tenaciously (Found, in material dried for 6 hours at 40°/1 mm.:C, 58-5; H, 
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4-6; N, 15-4. C,,H,,O,N; ay C, 57-5; H, 4:8; N, 15-9%. Found, after drying for a further 
6 hours at 40°/1 mm. : N, 15-6%), [a]}#8 —47-5° (c, 3-4 in chloroform). 

2’-Acetyl Adenosine.—N® : 2’-Diacetyl 3’ : 5’-benzylidene adenosine (8 g.) in ethanol (400 c.c.) was 
added to dilute sulphuric acid (1200 c.c.; N/75) (i.e., total volume 1600 c.c. of 0-01 N-sulphuric acid), 
and the solution heated under reflux for 1 hour. Barium hydroxide and carbonate were added to 
neutrality, barium sulphate was remove by filtration through Hyflo supercel, and the filtrate evaporated 
to small bulk under reduced pressure. After being set aside at 0° for several hours, the acetate was filtered 
off (addition of alcohol to the filtrate gave a precipitate of barium acetate) and recrystallised from water, 
giving large colourless irregular plates (4-8 g., 85%), m. p. 67—-70° (hydrated) [Found, in air-dried 
material: C, 41-6; H, 5-4; N, 20-1, 20-2. C,,H,,;0,;N,,2H,O requires C, 41-7; H, 5-5; N, 20-3%. 
Found, in material dried for one week at room temperature/1 mm. (m. p. 97—102°) and then for 6 hours 
at 80°/1 mm.: C, 46-7; H, 4-9; N, 22-5. C,,H,,;0;N, requires C, 46-6; H, 4-9; N, 22-6%], [a]}? —60° 
(c, 0-67 in pyridine). 

Tritylation of 2’-Acetyl Adenosine.—A solution of 2’-acetyl adenosine (2 g., dried for 24 hours at 
80°/1 mm.) and triphenylmethy] chloride (4-2 g., 2-2 mols.) in dry pyridine (60 c.c.) was heated at 100° 
for 3 hours and then set aside at room temperature overnight with exclusion of moisture. The mixture 
was poured into ice-water (400 c.c.) with vigorous stirring and kept at 0° overnight. The crude product 
was filtered off, dried, dissolved in chloroform, and filtered into light petroleum (400 c.c.; b. p. 60—80° 
with stirring, and the pale yellow amorphous precipitate collected (3-3 g., 65%; m. p. ca. 110°) (Found, 
in material dried for 15 hours at 80°/1 mm.: N, 10-5. 2’-Acetyl 5’-trityl adenosine, C,,H,,.0,N,, 
requires N, 12:7%; 2’-acetyl N®: 5’-ditrityl adenosine, C,,H,,0,N,, requires N, 8-8%). The mixture 
of mono- and di-tritylated compounds could not be separated. Tritylation with 1-1 mols. of triphenyl- 
methyl chloride gave a similar mixture, composed mainly of the monotrityl compound (Found, in 
material dried for 12 hours at 50°/1 mm.: C, 70-0; H, 5-5; N, 12-1%. (C3,H.,0;N, requires C, 67-5; 
H, 5:3; N, 12:7%. Cs9H,,;0,N, requires C, 75-7; H, 5-4; N, 8-8%). 

Adenosine-3’ Phosphate.—Dibenzyl chlorophosphonate (from 5 g. of dibenzyl phosphite) was added 
to a solution of the above impure acetyl trityl adenosine (3 g.; dried for 12 hours at 80°/1 mm.) in dry 
pyridine (40 c.c.) at —40°, and the mixture kept just above its m. p. for 6 hours and then set aside at 
room temperature overnight. The product was worked up in the usual way to give a thick resin, which 
was dissolved in a small amount of chloroform and poured into ether (200 c.c.), yielding a viscous semi-solid 
gum. The gum was dissolved in hot 1: 1 aqueous ethanol (150 c.c.), boiled with palladised charcoal 
to remove catalyst poisons, filtered, and kept at room temperature overnight. A small amount of 
deposited solid was filtered off and the solution hydrogenated with a mixture of palladised charcoal and 
palladium oxide as catalyst (hydrogen uptake, 470 c.c.in 10 hours). Catalyst was removed by filtration, 
and the filtrate neutralised with sodium hydroxide and treated with excess of 20% lead acetate solution. 
The lead salt was spun off, washed with water, suspended in hot water (250 c.c.), and decomposed with 
hydrogen sulphide. Lead sulphide and precipitated triphenylmethy] alcohol were removed by filtration 
through Hyflo supercel, and the solution was aérated till free from hydrogen sulphide. Barium hydroxide 
was added to pH 10, and the solution kept at 30° for 30 minutes to remove the 2’-acetyl group, the pH 
being maintained at 10 by addition of barium hydroxide from time to time. Carbon dioxide was then 
passed into the mixture until it was neutral, the whole filtered, and lead acetate solution added. The 
precipitated lead salt was spun off, washed with water, suspended in hot water (200 c.c.), and decomposed 
with hydrogen sulphide. The filtrate was aérated and concentrated to small volume under reduced 
pressure, the temperature being kept below 30°. Acetone was added to precipitate the nucleotide 
(0-45 g., ca. 30%) which was recrystallised from water. While impure, the product is fairly soluble in 
water; with increasing purity the solubility deacreases, and the pure adenosine-3’ phosphate is only 
sparingly soluble in hot water, from which it crystallises in long colourless transparent rods, m. p. 194° 
(decomp.), undepressed in admixture with a sample of authentic yeast adenylic acid (m. p. 193°) prepared 
by hydrolysis of yeast ribonucleic acid (Found, in air-dried material: P, 8-3. C,.H,,0,N,P,H,0 
requires P, 8-5%. Found, in material dried for 15 hours at 110°/1 mm.: C, 34:1; H, 4-1; N, 20-2; 
P, 8-6. C,.H,,0,N,P requires C, 34-6; H, 4-0; N, 20-2; P, 8-9%). The dibrucine salt, prepared in the 
usual manner, crystallised from water in long thin rods and had m. p. 177°, followed by effervescence 
and darkening at 225° (decomp.), undepressed in admixture with the brucine salt a from 
authentic yeast adenylic acid. Levene (J. Biol. Chem., 1919, 40, 415) records a heptahydrate which 
on heating began to contract at 177°, effervesced at 195°, and showed a second effervescence, 
with darkening, at 225° (Found, in air-dried material: C, 53:3; H, 6-5; N, 9-9. Calc. for 
C49H,,0,N,P,2C,,;H,,0O,N,,7H,O: C, 53-3; H, 6-3; N, 100%). The monoacridine salt was obtained 
as small balls of fine yellow needles, m. p. 175° (decomp.), undepressed in admixture with the acridine 
salt (m. p. 175°) prepared from authentic yeast adenylic acid (Berlin and Westerberg, Z. physiol. Chem., 
1944, 981. 98). Bredereck, quoted in a paper by Wagner-Jauregg and Griesshaber (Ber., 1937, 70, 1458) 
on the incomplete combustion of acridine salts, reports the acridine salt of yeast adenylic acid as an 
amorphous yellow solid. Tipson (J. Biol. Chem., 1937, 120, 621) describes a diacridine salt, m. p. 184°, 
but we were unable to confirm its existence. 

N& : 5’Ditrityl Adenosine-3’ Phosphate.—Dibenzy] chlorophosphonate (from 2 g. of dibenzyl phosphite) 
was added to a solution of N® : 5’-ditrityl adenosine (0-9 g.) (Levene and Tipson, J. Biol. Chem., 1937, 
121, 131) in dry pyridine (10 c.c.) at —40° and the mixture kept just above its m. p. for 6 hours and then 
at room temperature overnight. Sodium carbonate and water were added and the product was worked 
up in the usual manner, to give a colourless gum which was dissolved in ethanol, kept at 0° for 12 hours, 
and filtered from a small amount of solid material [m. p. 200° (decomp.)]. The filtrate was concentrated 
to small volume under reduced pressure, and the phosphorylated ditrityl adenosine precipitated as a gum 
by addition of ether. This gum was dissolved in aqueous ethanol and hydrogenated (palladium and 
palladised charcoal), and the solution filtered from catalyst and reduced to small bulk tm vacuo. 
white solid which separated was collected, dried, dissolved in chloroform, and filtered into light petroleum 
(b. p. 40—60°) giving the product as a fine white powder, m. p. 150—160° (0-75 g., 75%) (Found, in 
material dried for 3 hours at 80°/1 mm.: N, 8-4; P, 3-6. C,,H,,0O,N,P requires N, 8-4; P, 3-7%). 
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Detritylation of N® : 5’-Ditrityl Adenosine-3’ Phosphate.—The phosphate (1 g.) was dissolved in aqueous 
ethanol, and neutral lead acetate solution added to precipitate the lead salt, which was centrifuged off, 
washed with water, suspended in hot water (200 oak and decomposed with hydrogen sulphide. 
Filtration from the lead sulphide and triphenylmethy] alcohol, and concentration of the filtrate under 
reduced pressure, followed by addition of acetone, gave the free nucleotide (0-22 g., 53%). Direct 
determination of the rate of acid hydrolysis on this unpurified material gave a curve identical with that 
of “ natural ’’ yeast adenylic acid, showing the complete absence of adenosine-2’ phosphate. Recrystal- 
lisation from water gave adenosine-3’ phosphate as needles, m. p. 192—194° (decomp.), undepressed in 
admixture with authentic yeast adenylic acid or the synthetic adenosine-3’ phosphate described above 
(Found, in material dried for 15 hours at 110°/l1 mm.: C, 34:3; H, 4-0; N, 19-5; P, 8-8. Cale. for 
CyH,,0,N;P: C, 34-6; H, 4-0; N, 20-2; P, 8-9%). The acridine salt, recrystallised from water, had 
m. p. 174—175° (decomp.), undepressed in admixture with the acridine salt, m. p. 175° (decomp.), of 
authentic yeast adenylic acid. 

2’ : 3’-isoPropylidene Guanosine.—Levene and Tipson (J. Biol. Chem., 1937, 121, 131, footnote) 
record that they have prepared this substance, but give no characteristics or analysis. 

Guanosine (35 g.; dried for 24 hours at 110°/1 mm.) was added to a solution of anhydrous zinc 
chloride (85 g.) in dry acetone (600 c.c.) and heated under reflux for 5 hours under anhydrous conditions, 
a clear solution being obtained. Acetone was removed under reduced pressure, the resulting syrup 
dissolved in a small amount of “‘ Cellosolve ’’ (2-ethoxyethanol), and dry ether (1500 c.c.) added with 
shaking. The hygroscopic zinc chloride double salt was rapidly collected, washed with ether, and dried. 
The powdered salt was dissolved in warm “ Cellosolve’’ (250 c.c.), a solution of barium hydroxide 
(200 g. of octahydrate) in water (700 c.c.) added, the mixture well shaken, and carbon dioxide passed 
through it until neutral to phenolphthalein. The mixture was then filtered and the voluminous precipitate 
washed well with hot water (ca. 2 1.) and a small amount of hot “ Cellosolve.’’ The combined filtrate and 
washings (ca. 3 1.), on cooling, deposited the crude product. Recrystallised twice from hot water, 
2’ : 3’-isopropylidene guanosine formed colourless needles (22-5 g., 64%), = a 299° (decomp.) (Found, in 
material dried for 3 hours at 127°/1 mm.: C, 47-9; H, 5-1; N, 21-6. C,,;H,,O,N, requires C, 48-2; H, 
5-2; N, 21-6%), [a]}® —36-3° (c, 4-98 in dimethylformamide); it was soluble in dimethylformamide, 
glacial acetic acid, and hot water, but insoluble in pyridine, ethanol, chloroform, or other common 
organic solvents. 

2’ : 3’-isoPropylidene 5’-Trityl Guanosine.—2’ : 3’-isoPropylidene guanosine (2 g.; dried for 24 hours 
at 110°/1 mm.) was dissolved in anhydrous dimethylformamide (10 c.c.) and pyridine (10c.c.). Triphenyl- 
methyl chloride (2-5 g.) was added, and the mixture heated on the water-bath for 3 hours, with exclusion 
of moisture, and then cooled to 0° overnight. The clear solution was slowly poured into ice—-water 
(400 c.c.) with vigorous stirring, and the crude trityl compound filtered off, washed well with cold water, 
and dried. Recrystallisation from pyridine-ethanol gave 2’ : 3’-isopropylidene 5’-trityl guanosine as 
long colourless needles (2-1 g., 60%), m. p. 278—-279° (Found, in material dried for 2 hours at 110°/1 mm. : 
C, 67-4; H, 5-5; N, 12-3. C,,H;,0,N, requires C, 68-0; H, 5-5; N, 12-4%), [a]}® +63-6° (c, 0-42 in 
pyridine). The mother-liquors were evaporated to dryness under reduced pressure and heated under 
reflux with light petroleum (b. p. 60—80°) to remove triphenylmethyl alcohol, and the residue was 
powdered and shaken with cold acetone (25 c.c.); after filtration from a small amount of monotrityl 
compound, the solvent was removed leaving a white flaky glass—presumably N : 5’-ditrityl 2’ : 3’-iso- 
propylidene guanosine—which could not be crystallised. 

2’ : 3’-isoPropylidene Guanosine-5’ Phosphate.—Phosphoryl chloride (1-32 g., 1 mol.) in anhydrous 
pyridine (12 c.c.) was added dropwise during 20 minutes to a vigorously stirred solution of 
2’ : 3’-isopropylidene guanosine (2-75 g.; dried for 24 hours at 120°/1 mm.) in dimethylformamide 
(20 c.c.) and pyridine (30 c.c.) at —10°, and stirring was continued for a further 2 hours. Ice-cold 
aqueous pyridine (24 c.c.; 50%) was added during 30 minutes and then ice-water (96 c.c.). The mixture 
was now made alkaline to thymolphthalein with saturated barium hydroxide solution, and about 100 c.c. 
of solvent were removed under reduced pressure. The precipitate was centrifuged off and the supernatant 
liquid evaporated to dryness under reduced pressure. The white solid obtained was dissolved in water, 
and the solution filtered and combined with the hot-water extracts of the first precipitate. When this 
solution was concentrated to 250 c.c. and an equal volume of ethanol was added, the barium salt of 
2’ : 3’-isopropylidene guanosine-5’ phosphate separated; it was centrifuged off, washed with ethanol and 
ether, and dried (1-5 g., 33%) (Found, in material dried for 4 hours at 120°/1 mm. : C, 29-3; H, 4-0; N, 
12-5. C,3;H,,0,N,PBa requires C, 29-0; H, 3-0; N,13-0%). Theleadsalt prepared from the supernatant 
liquors and worked up in the usual way gave a small amount of guanosine-5’ phosphate (0-21 g., 7%) 
(Found, in material dried at room temperature: C, 30-2; H, 4-8; N,17-6. Calc. for C,H,,O,N,P,2H,O: 
C, 30-1; H, 4-5; N, 17-5%). 

Guanosine-5’ Phosphate.—(a) Phosphoryl chloride (1-58 c.c., 1 mol.) in anhydrous pyridine (20 c.c.) 
was added dropwise during 15 minutes to a vigorously stirred solution of 2’ : 3’-tsopropylidene guanosine 
(5-5 g.; dried for 24 hours at 120°/1 mm.) in anhydrous dimethylformamide (40 c.c.) and pyridine 
(60 c.c.) at —10°, and stirring was continued for a further 2 hours. Ice-cold aqueous pyridine (50 c.c. ; 
50%) was now added during 30 minutes, followed by ice-water (190 c.c.) and cold 0-35n-barium hydroxide 
(245 c.c.) to pH 8-7 (colour change in the solution), and the mixture was then evaporated to dryness. The 
residue was dissolved in water and filtered through Hyflo supercel, barium was precipitated with sulphuric 
acid, and enough water and sulphuric acid were added to bring the solution to a volume of 1000 c.c. with 
an acid concentration of @-1nN. After 2 days at room temperature the solution was neutralised with 
barium hydroxide and filtered hot. 20% Lead acetate solution (35 c.c.) was added and the lead 
salt centrifuged off, washed with water, suspended in hot water, and decomposed with hydrogen sulphide. 
The solution so obtained was filtered from lead sulphide, aérated, and eva ted to small volume 
under reduced Sp aapageae and the nucleotide precipitated by adding acetone. The crude phosphate was 
then redissolved in a minimum of water, and acetone slowly added to the filtered solution. Guanosine-5’ 
phosphate separated as a colourless mass of micro-crystals (1 g., 20%), m. p. 190—200° (decomp.), which 
tenaciously retained water of crystallisation (Found, in material dried for 24 hours at 100°/1 mm.: C, 
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32-5; H, 4-1; N, 18-5; P, 8-4. C.H,,O,N,P,4H,O requires C, 32-3; H, 4-0; N, 18-8; P, 83%). The 
dibrucine salt crystallised from water in small clusters of squat needles which on heating began to turn 
brown and shrink from 190° and melted with decomposition at 210—220°; on further heating to 225° the 
melt effervesced (Found, in air-dried material : C, 54-2; H, 6-3; N, 9-8. C.9H,,O,N,P,2C,,;H,,O,N,,5H,O 
requires C, 54-2; H, 6-1; N, 10-1%. Found, in material dried for 7 hours at 140°/1 mm. : N’ 11-2, 
C4H,,O,N,P,2C,3H,,0,N, requires N, 110%). The acridine salt was amorphous. 

(b) Barium 2’ : 3’-isopropylidene guanosine-5’ phosphate was hydrolysed with 0-1N-sulphuric acid 
at room temperature and neutralised with barium hydroxide and barium carbonate, and the filtered 
solution concentrated to small volume under reduced pressure. On cooling, barium guanosine-5/ 
phosphate separated and was centrifuged off; on being dissolved in hot water and allowed to cool it 
separated as a white powder showing no definite crystalline form (Found, in material dried for 4 hours 
at 120°/1 mm.: N, 14-2. C,)H,,0,N,;PBa requires N, 14-1%). 

3’ : 5’-Benzylidene Guanosine.—Prepared by a method analogous to that employed for 3’ : 5’-benzyl- 
idene adenosine (see above), and recrystallised from 70% ethanol, this substance had m. p. 296° 
(decomp.), [a]}® —98-5° (c, 2-08 in pyridine), —92-5° (c, 1-54 in dimethylformamide) (Found: C, 54-7; 
H, 4:3; N, 18-7. Calc. for C,,H,,0O,;N,: C, 54:9; H, 46; N, 18-9%). Gulland and Overend (/,, 
1948, 1380) record m. p. 296°. 

Guanosine-2’ Phosphate.—The eee pg of this compound from 3’ : 5’-benzylidene guanosine was 
unsatisfactory, low yields being obtained by all methods investigated. Phosphorylation in dimethyl- 
formamide-pyridine with dibenzyl chlorophosphonate, followed by removal of the benzylidene residue 
with 0-01N-sulphuric acid at 80° for 45 minutes and conversion into the barium salt, gave an impure 
a in low yield (Found : C, 26-3; H, 6-1; N, 11-9. C,H,,0,N,PBa requires C, 24-1; H, 
2-4; N,14:1%). This salt was dissolved in hot water and treated with 20% lead acetate solution. The 
lead salt which separated was decomposed with hydrogen sulphide in the usual way, and the filtered 
solution concentrated to small bulk under reduced pressure. On gradual addition of acetone to the 
solution, guanosine-2’ phosphate separated as a white powder, m. p. 192° (decomp.) (Found, in material 
dried for 12 hours at 110°/1 mm.: P, 8-2. C,9H,,0O,N,P requires P, 8-5%). 

Phosphorylation of 3’ : 5’-benzylidene guanosine with phosphory] chloride, as in the case of 2’ : 3’-iso- 
propylidene guanosine (see above), followed by removal of the benzylidene residue and isolation via the 
lead salt, gave a very low yield of impure guanosine-2’ phosphate which gave unsatisfactory analytical 
values and could not be purified (Found, in material dried at room temperature: C, 29-0; H, 4-0; N, 
15:1. Calc. for CyjH,,0O,N,;P,2H,O: C, 30-1; H, 4:5; N, 17-5%). 

Uridine-5’ Phosphate.—A solution of 2’ : 3’-isopropylidene uridine (4-5 g.; dried for 18 hours at 
110°/1 mm.; Levene and Tipson, J. Biol. Chem., 1934, 106, 113) in dry pyridine (60 c.c.) at —50° was 
treated with dibenzyl chlorophosphonate (from 10g. of dibenzyl phosphite) and kept just above the m. p. 
of the mixture (i.e., between —40° and —30°) for 3 hours and then at room temperature overnight, and 
the product worked up in the usual way. The reddish gum so obtained was dissolved in ethanol, 
reprecipitated with ether, and dissolved again in aqueous ethanol (charcoal), and the filtered solution 
hydrogenated at room temperature and atmospheric pressure with a mixture of palladium and palladised 
charcoal as catalyst. Absorption was rapid, 315 c.c. of hydrogen being taken up in 1 hour, indicating a 
44% yield of phosphorylated product (theory, 710 c.c.). This apparently low yield is probably due to 
solubility of the initially formed 2’ : 3’-isopropylidene uridine-5’ dibenzyl phosphate in ether. Catalyst 
was removed, the colourless solution concentrated to small volume under reduced pressure, N-sulphuric 
acid (25 c.c.) added, and the solution kept at 75° for 1} hours. Barium hydroxide was added until 
neutral, and the warm solution filtered and evapofated to dryness in vacuo. . The residual colourless glass 
was dissolved in water (20 c.c.) and filtered into absolute ethanol (25 c.c.), and the barium salt centrifuged 
off, washed with ethanol and ether, and dried (3-1 g., 43% overall yield from 2’ : 3’-isopropylidene uridine). 
Recrystallisation from water gave a mass of fine colourless needles which, when kept overnight at 0°, 
changed to large hexagonal plates, sparingly soluble in hot water (Found, in material dried for 15 hours 
at 110°/1 mm.: C, 22-3; H, 3-1; N, 5-7; P, 6-7. C,H,,0,N,PBa,H,O requires C, 22-6; H, 2-7; N, 


5-9; P, 65%. Found, in material dried for a further 18 hours : N, 6-3. C,H,,O,N,PBa requires N, 
6-1%). 

Dibrucine salt. The above precipitated crude barium salt (1 g.) was dissolved in warm water (15 c.c.), 
N-sulphuric acid (4-35 c.c.; end , checked with rhodizonic acid) rapidly added, and the precipitated 


barium sulphate centrifuged o: Brucine (2-03 g.) in methanol was added (to neutrality) and the 
solution evaporated to dryness under reduced pressure. Recrystallisation from aqueous methanol 
(30%) gave the pure dibrucine salt (2-2 g.) as colourless needles. When heated it softened very slightly 
at 165°, gave clear globules at 185—190°, and was completely molten at 202°; at 225—230° it decomposed 
with slight effervescence (Found, in material dried at 110°/1 mm. for 15 hours: N, 7-5; P, 2-8. Cale. 
for C,H,,0,N,P,2C,,H,,0O,N,: N, 7-6; P, 28%), [a]}§ —70-4° (c, 1-2 in pyridine). Levene and Tipson 
(J. Biol. Chem., 1934, 106, 113) give m. p. (with foaming) at 200° after softening at 163—165° and [aj 
—68-8° (in pyridine). Gulland and Hobday (/J., 1940, 749) give m. p. 163—164° and decomposition with 
frothing at 198—200°, and [a]?? —69-7° (in pyridine). 

2’-Acetyl 3’ : 5’-Benzylidene Uridine.—A solution of anhydrous 3’: 5’-benzylidene uridine (13 g.) 
(Gulland and Smith, J., 1947, 338) in pyridine (75 c.c.) and acetic anhydride (50 c.c.) was kept at room 
temperature overnight and then poured into ice-water (1 1.) with stirring. The somewhat gummy solid 
was filtered off, washed with water, dried, and dissolved in cold acetone (40 c.c.), the solution was filtered, 
and the filtrate was evaporated to dryness, finally under reduced pressure, giving a colourless glass (13 g.), 
which could not be crystallised (Found, in material dried for 48 hours at 40°/1 mm.: C, 57-9; H, 4-6; 
N, 7-6. C,gH,,0,N, requires C, 57-8; H, 4-8; N, 7-5%). 

2’-Acetyl Uridine.—A solution of 2’-acetyl 3’ : 5’-benzylidene uridine (11-5g.) in 20% acetic acid 
(350 c.c.) was heated under reflux for 3 hours. The solvent was removed under reduced pressure, final 
traces of acetic acid being removed by drying over potassium hydroxide in vacuo. The gummy residue 
was then dissolved in warm water (ca. 50 c.c.), filtered from insoluble material, and evaporated to dryness 
as before, giving a residue which was extracted with hot ethanol and again evaporated to dryness under 
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reduced pressure. 2’-Acetyl uridine was thus obtained as a wwf yellow glass (7 g., 80%) which did not 
lise (Found, in material dried for 48 hours at 50°/1 mm. : ‘3; H,5-0; N, 10-1. C,,H,,0,N, 
uires C, 46-2; H, 4-9; N, 9-8%), [a]}® +9-1° (c, 1-98 in water). 
2’-Acetyl 5’-Trityl Uridine.—A solution of 2’-acetyl uridine (5 g. anhydrous) and triphenylmethy] 
chloride (5-5 g., 1-11 mols.) in dry pyridine (80 c.c.) was set aside at room temperature overnight, heated 
at 100° for 3 hours, cooled to 0°, and poured into ice—water (800 c.c.) with vigorous stirring. The 
precipitated gum was well washed with water, dissolved in aqueous ethanol, and boiled with charcoal. 
The solution was evaporated to dryness, the residue redissolved in ethanol, and the solution again 
evaporated to dryness im vacuo, giving a brownish glass. The glass was taken up in a small volume 
of acetone and filtered into light petroleum (1000 c.c.; b. p. 60—80°) with vigorous stirring, and the 
amorphous solid (6-6 g., 72%) collected, washed with light petroleum and a mixture of this solvent with 
ether, and dried. The compound could not be crystallised; on heating it softened and swelled at 107— 
108° and melted with decomposition at ca. 130° (Found, in material dried for 48 hours at 60°/1 mm. : 
C, 69:0; H, 6-0; N, 5-6. C,9H,,0,N, requires C, 68-2; H, 5-3; N, 5-3%). 

Uridine-3’ Phosphate.—The above 2’-acetyl 5’-trityl uridine (5 g.; dried for 24 hours at 80°/1 mm.) 
was phosphorylated in the usual way in pyridine (60 c.c.) with dibenzyl chlorophosphonate (from 10 g. 
of dibenzyl phosphite), the mixture being kept for 6 hours at —40° and then at room temperature 
overnight. e resulting gum was precipitated from ethanol by addition of ether, dissolved in aqueous 
ethanol (charcoal) and, evaporated to dryness, giving a yellowish glass (6-3 g.). This glass (5-5 g.) was 
dissolved in 50% ethanol (200 c.c.) and hydrogenated (catalyst: palladium and palladised charcoal). 
Absorption of hydrogen was very slow, the theoretical amount for removal of two benzyl groups being 
absorbed in 15 hours. The filtrate was neutralised with sodium hydroxide and treated with 20% lead 
acetate solution, the lead salt centrifuged off, washed with water, and decomposed with hydrogen sulphide. 
Triphenylmethy! alcohol and lead sulphide were removed by filtration, and the filtrate was maintained 
at pH 10 by the addition of barium hydroxide, kept at 30° for 1 hour, neutralised with carbon dioxide, 
filtered hot, and concentrated under reduced pressure to ca. 100c.c. Barium was quantitatively removed 
with sulphuric acid; the solution was evaporated to dryness in vacuo below 30° and dissolved in methanol, 
and the nucleotide (0-6 g., 30%) precipitated as a white powder by addition of acetone. When heated 
it softened and shrank at 167° and melted to an opaque melt at 192°; when further heated it effervesced 
slightly between 192° and 200° (Found: C, 30-9; H, 3-8; N, 7-9; P, 9-1. C,H,,0,N,P,14H,O requires 
C, 30-8; H, 4-6; N, 8-0; P, 8-8%). The dibrucine salt, prepared in the usual way, had an indefinite 
m. p.; when heated it shrank at 182° and became molten but opaque at 182—187°; the melt became 
clear at 189° and effervesced slightly at 195° (identical behaviour was shown by an authentic specimen 
of the dibrucine salt of uridylic acid prepared from yeast ribonucleic acid, and a mixture of the two 
materials behaved*in the same way) (Found, in air-dried material : C, 53-6; H, 6-6; N, 6-7. Calc. for 
C,H,,0,N,P,2CysH,,0,N,,7H,O: C, 53-3; H, 6-4; N, 68%), [a]j® —57-5° (c, 1-09 in pyridine). For 
the dibrucine salt of uridylic acid, Levene (J. Biol. Chem., 1919, 40, 395) gives m. p. 195° with effervescence 
and previous formation of an opaque mass at 185°, and [a]? —55-9° (in pyridine). Gulland and Smith 
(loc. cit.) state that it swells to an opaque mass at 175—185° and becomes transparent at 188—190°, 
and has [a]p —55-0° (in pyridine). 

Uridine-3’ Phosphate by Direct Phosphorylation of 5’-Trityl Uridine.—Anhydrous 5’-trityl uridine 
(Levene and Tipson, J]. Biol. Chem., 1934, 104, 385) (3-1 g.) was phosphorylated in the usual way with 
dibenzyl chlorophosphonate (from 6 g. of dibenzyl phosphite) in dry pyridine (40 c.c.) at —40° for 6 hours 
and then at room temperature overnight. Thereafter the procedure was analogous to that described 
above for the preparation from 2’-acety] 5’-trityl uridine. The crude nucleotide (1-1 g., 53%) had m. p 
ca. 180° (decomp.) (Found, in material dried for 20 hours at 110°/1 mm.: C, 29-6; H, 4:3; N, 8-1; P, 
9-2%). The dibrucine salt was identical with that prepared from authentic uridylic acid (Found, in air- 
dried material: N, 7-0. Calc. for C,H,,0,N,P,2C,;H,,O,N,,7H,O : N, 6-8%), [a]}® —60-1° (c, 0-97 in 
pyridine). The crystalline Jead salt was prepared from a solution of the ammonium salt of the acid 
(Levene, J. Biol. Chem., 1919, 40, 395) (Found, in material dried for 20 hours at 120°/1 mm.: C, 20-2; 
H, 2-5; N, 5-0. C,H,,O,N,PPb requires C, 20-4; H, 2-1; N, 53%). 

The acid-hydrolysis curves of the free uridylic acid from both syntheses of the nucleotide were identical 
with that of natural uridylic acid from yeast ribonucleic acid. 

2’ : 3’-isoPropylidene Cytidine.—Cytidine (4 g.; dried for 12 hours at 110°/1 mm.) was dissolved in a 
solution of anhydrous zinc chloride (10 g.) in dry acetone (100 c.c.), and the mixture heated under reflux 
for 7 hours with exclusion of moisture. The clear solution was set aside overnight at room temperature, 
acetone then removed under reduced pressure, and dry ether (250 c.c.) cautiously added to the residue, 
with shaking. The fine precipitate of the zinc chloride—2’ : 3’-isopropylidene cytidine double salt was 
filtered off, washed with ether, dried, and added to a slight excess of warm barium hydroxide solution. 
The mixture was neutralised with carbon dioxide and filtered warm, the filter residue being extracted 
thrice with hot water. The combined filtrate and extracts were evaporated to dryness under reduced 
pressure, and the dry solid residue was extracted with hot ethanol. Removal of the solvent under 
teduced pressure gave a colourless glass. This was dissolved in water and filtered through Hyflo supercel 
to remove a slight trace of semi-colloidal impurity, the solution evaporated, and the residue redissolved 
in hot absolute ethanol, filtered, and again evaporated under reduced pressure, whereupon the 
isopropylidene compound was left as a glass (4-4 g., 95%). Addition of acetone to a solution of the glass 
in ethanol gave a white, very hygroscopic, powder (Found, in material dried for 48 hours at 55°/1 mm. : 
C, 49-4; H, 6-4; N, 14-1. C,,H,,0,N,,4H,O requires C, 49-4; H, 6-2; N, 14-4%). 

Cytidine-5’ Phosphate.-—Dibenzy1 chlorophosphonate (from 10 g. of dibenzyl phosphite) was added 
to a solution of 2’ : 3’-isopropylidene cytidine (4-0 g.; dried for 18 hours at 60°/1 mm.) in dry pyridine 
(60 c.c.) at —40°, and the solution maintained at —40° for 3 hours and then set aside at room temperature 
overnight. When the solution was worked up in the usual way, a gum was obtained which was 
evaporated twice with ethanol and then precipitated from concentrated ethanolic solution by ether. The 
Tesinous product was hydrogenated in aqueous ethanol (catalyst: palladium and palladised charcoal). 
Absorption of hydrogen was fairly rapid, 435 c.c. being absorbed-in’1 hour, indicating a 65—70% yield 
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of phosphorylated product (theoretical uptake, 635 c.c.). Catalyst was removed by filtration, the filtrate 
concentrated to small volume under reduced pressure, and N-sulphuric acid (20 c.c.) added; the mixture 
was kept at 70—75° for 1} hours, then neutralised with barium hydroxide and barium carbonate, ang 
filtered hot, the residue being washed with hot water. The combined filtrate and washings gave on 
evaporation a glass which was dissolved in hot water (20 c.c.) and filtered. Ethanol (30 c.c.) was added 
to the solution. The precipitated granular barium salt was collected, washed with ethanol and then 
ether, and dried (2-6 g., 38% overall yield from cytidine). Foranalysis a sample was reprecipitated from 
water by adding ethanol, whereupon it formied a readily filterable granular white powder (Found, in 
material dried for 20 hours at 120°/1 mm.: C, 24-4; H, 3-4; N, 9-8. C,H,,0O,N,PBa requires C, 23-6; 
H, 2-6; N, 92%), [a]}® +11-4° (c, 0-33 in water). N-Sulphuric acid (ca. 3-8 c.c.). was added to a solution 
of the barium salt (1 g.) in water till all the barium had been precipitated (rhodizonic acid). Barium 
sulphate was removed by filtration through Hyflo supercel, and the filtrate evaporated to ca. 10 c.c, 
under reduced pressure. To the hot solution, hot ethanol (20 c.c.) was added, yielding cytidine-5’ 
phosphate (0-65 g., 90%) as colourless plates, m. p. 233° (decomp. with vigorous effervescence), unchanged 
by further recrystallisation (Found: C, 31-4; H, 4-5; N, 12-4; P, 9-4. C,H,,O,N;P,H,O requires C, 
31-6; H, 4-7; N, 12-3; P, 9-1%), [a]i# +27-1° (c, 0-54 in water). 

The dibrucine salt, prepared from the barium salt by removal of barium and neutralisation with 
brucine, was recrystallised thrice from water. When heated it softened at ca. 185°, formed transparent 
globules at ca. 195°, and decomposed with effervescence at 215° (Found, in air-dried material: C, 49-6; 
H, 7-1; N, 7-1. C,H,,O,N,P,2C,;H,,O,N,,12H,O requires C, 49-7; H, 6-8; N, 7-4%). 

Cytidine-2’ Phosphate.—Dibenzy1 chlorophosphonate (from 9 g. of dibenzyl phosphite) was added to 
a solution of 3’ : 5’-benzylidene cytidine (3-5 g.; Gulland and Smith, J., 1948, 1527) in dry pyridine 
(50 c.c.) at —40°, and the solution maintained at —40° for 5 hours and then set aside at room temperature 
for 2 hours. Working up in the usual way gave a gum which was hydrogenated in aqueous ethanol 
(catalyst: palladium and palladised charcoal). The catalyst was removed by filtration and extracted 
with hot aqueous ethanol, and the combined filtrate and extracts concentrated to small volume under 
reduced pressure, made up to 250 c.c. with sulphuric acid (final strength 0-25N.), and heated under reflux 
for 2 hours. Benzaldehyde was extracted with ether, barium hydroxide solution added to pH 10 (no 
ammonia was detected), and the solution then neutralised with carbon dioxide, filtered hot, and concen- 
trated to small bulk (ca. 100 c.c.) under reduced pressure. Ethanol (100 c.c.) was added, and the 
precipitated barium salt centrifuged off, washed with ethanol, and redissolved in water. The barium 
was then removed quantitatively. The aqueous solution was evaporated under reduced pressure to 
small volume, hot absolute ethanol (2 volumes) added to the boiling solution, and the mixture allowed 
to cool slowly. The crystalline nucleotide (1-0 g., 30%) was collected and recrystallised from aqueous 
ethanol (70%), giving pure cytidine-2’ phosphate as colourless irregular plates, m. p. 235° (with vigorous 
decomposition) after previous softening and darkening (Found, in material dried for 24 hours at room 
temperature over phosphoric anhydride: C, 33-1; H, 4-7; H, 13-0; P, 9-4. Calc. for C,H,,0O,N;P :C, 
33-4; H, 4-4; N, 13-0; P, 9-6%), [a]}® +45-1° (c, 0-83 in water). Gulland and Smith (loc. cit.) give 
““m. p. 240—242° (placed in bath at 230°, m. p. tube 1 mm. diam., rate of heating 4° per minute) ’’ and 
[a]}$ +21-4° (c, 1-05 in water). 

p-Ribofuranose-5. Phosphate.—A solution of 2’ : 3’-isopropylidene methyl p-ribofuranoside (4-5 g.; 
Levene and Stiller, J. Biol. Chem., 1934, 104, 299) in dry pyridine (50 c.c.) was cooled to —40°, and 
treated with dibenzyl chlorophosphonate (from 16 g. of dibenzyl phosphite). The mixture was kept 
at —40° for 3 hours and then at room temperature for a further 3 hours. Sodium carbonate (7 g.) and 
water (30 c.c.) were added, and the mixture was evaporated to dryness under reduced pressure. The 
residue was extracted with chloroform, the chloroform extract washed with aqueous sodium hydrogen 
carbonate and then water, dried (Na,SO,), and evaporated im vacuo. The residual mobile syrup was 
dissolved in aqueous ethanol and hydrogenated (catalyst: palladium, palladised charcoal, or platinum). 
Absorption of hydrogen was very rapid (ca. 40 c.c. per minute). The catalyst was removed by filtration, 
and the filtrate evaporated to small volume under reduced pressure, diluted with water, filtered from a 
small amount of oil, and made up to 400 c.c. with sulphuric acid (final strength n./3). The solution was 
set aside at room temperature for 18 hours, then neutralised with barium hydroxide and barium 
carbonate, and filtered through Hyflo supercel. The filtrate was concentrated to small volume (ca. 
40:c.c.) in vacuo. The clarified solution was poured into absolute ethanol (200 c.c.), and the precipitated 
salt washed with ethanol and ether, and dried (6-9 g., 86%). The barium p-ribofuranose-5. phosphate, 
recrystallised from water, formed colourless hexagonal plates, was free from inorganic impurities, and 
readily reduced Fehling’s solution (Found, in material dried for 2 hours at 80°/1 mm.: P, 8-3. Calc. for 
C,H,O,PBa: P, 85%). The free acid had [a]} +16-5° (0-15475 g. of the anhydrous barium salt 
dissolved in 1-05 ml. of N-hydrochloric acid and made up to 5 ml. with water). Levene and Stiller 
(J. Biol. Chem., 1934, 104, 299) give [a]? +16-09°, + 16-54°. 

Hydrolysis of Nucleotides with 0-\N-Sulphuric Acid.—A weighed amount of nucleotide (ca. 20 mg.) 
was dissolved in water, arid the solution made up to 20 ml. 2-M1l. portions of this solution were mixed 
with 0-2N-sulphuric acid (2 ml.), sealed in glass tubes, and immersed in a boiling water-bath. Single tubes 
were removed at suitable intervals, the contents washed into a standard flask and made up to 25 ml. with 
water, and free phosphoric acid was determined colorimetrically by the method of Allen (Biochem. J., . 
1940, 34, 858). The results are shown graphically in the figure, which also includes curves for guanosine-3’ 
phosphate taken from the data of Yamagawa (J. Biol. Chem., 1920, 48, 339) and for uridine-5’ phosphate, 
uridine-2’ phosphate, and cytidine-3’ phosphate from those of Gulland and Smith (J., 1947, 341, 1527). 
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522. Nucleotides. Part IV. A Novel Synthesis of Adenosine 
Triphosphate. 


By A. M. MicHetson and A. R. Topp. 


Condensation of dibenzyl chlorophosphonate with disilver adenosine-5’ phosphate, followed 
by removal of benzyl groups by hydrogenation, yielded adenosine-5’ triphosphate (IV), 
identical with the natural adenosine triphosphate obtained from muscle and not, as had been 
e ted, the isomeric ester (VII). The reasons for formulating natural adenosine tri- 
phosphate as (IV) are discussed and its production by the synthesis described is attributed 
to the isomerisation of (VII) through the anhydro-derivative adenosine-5’ trimetaphosphate 
(VIII). 


In Part II of this series (Baddiley, Michelson, and Todd, this vol., p. 582) a synthesis of the 
co-phosphorylase adenosine triphosphate (IV) was described. This synthesis depended on 
the selective monodebenzylation of adenosine tribenzyl pyrophosphate (I) (Baddiley and Todd, 
J., 1947, 648) by reaction with 4-methylmorpholine, condensation of the resulting adenosine 
dibenzyl pyrophosphate (II) in the form of its silver salt with dibenzyl chlorophosphonate, and 
removal of the protecting benzyl groups from the initially formed adenosine tetrabenzyl 
triphosphate (III). The validity of formulating the adenosine dibenzyl pyrophosphate 
intermediate as essentially (II) and not (V) has already been discussed (Baddiley, Michelson, 
and Todd, Joc. cit.) but the possibility remained that some of the isomeric ester (V) might have 
been formed; if so, the further steps in the synthetic route used would have produced a certain 
amount of an isomeric adenosine triphosphate (VII) by way of the intermediate tetrabenzyl 
ester (VI). Although we found no evidence for the presence in our final product of such an 
isomeric compound, it was possible that this was due to its presence in such small amount that 
it had escaped detection. In any case, the isomeric adenosine triphosphate (VII) was of 
sufficient interest to warrant an attempt at its synthesis by unambiguous methods. It should 
contain labile phosphate groupings just as does the natural compound (IV) and it would be of 
considerable interest to study its behaviour in biological systems where adenosine triphosphate 
normally functions. The present paper records our experience in endeavouring to synthesise 
(VII). 

The disilver salt of muscle adenylic acid (adenosine-5’ phosphate) was condensed with an 
excess of dibenzyl chlorophosphonate. Silver chloride was precipitated and the amorphous 
product, which one would expect to have been (VI) or a mixture of this with partly debenzylated 
material (cf. the analogous case of adenosine tribenzyl pyrophosphate discussed by Baddiley, 
Michelson, and Todd, loc. cit.), was subjected to catalytic hydrogenation in the usual manner 
to remove the protecting benzyl groups. The final product was purified via its barium salt 
and isolated in a pure condition as its acridinium salt. This proved to be identical with the 
triacridinium salt of natural adenosine triphosphate (IV). Identity was established by direct 
comparison with a sample of the synthetic triacridinium salt of (IV); m. p., mixed m. p., 
X-ray powder photographs, infra-red absorption spectra, and biological activity of the 
regenerated free acid were all identical for the two materials. The yield of adenosine tri- 
phosphate (IV) obtained by this synthesis was, moreover, more than twice that obtained by 
the original procedure of Baddiley, Michelson, and Todd (loc. cit.). 

The decisive evidence that natural adenosine triphosphate, and hence the synthetic product, 
has structure (IV), i.e., that it is adenosine-5’ P'-triphosphate, comes from the careful 
titrimetric studies of Lohmann (Biochem. Z., 1932, 254, 381) who showed that it exhibits three 
primary and one secondary phosphoryl dissociations. Although no triphosphate analogous 
to (VII) (adenosine-5’ P?-triphosphate) is known, it can be assumed with reasonable certainty 
that such a compound, if it were obtained, would show two primary and two secondary 
dissociations. This view is supported by the titration data for pyrophosphoric acid (K, = 0°14; 
K,=0011; K,= 0-21 x 10*; K,= 0°406 x 10° at 18°) to which (VII) containing no acidic 
hydroxyl on P* bears a structural analogy. Structure (IV) for adenosine triphosphate is also 
supported by the formation of a triacridinium salt—again indicative of three primary 
dissociations. Moreover, the crude barium salt precipitated from the hydrogenation solution 
in the attempted synthesis of (VII) contained, in addition to barium adenosine triphosphate, 
some 30% of barium pyrophosphate. Pyrophosphate could not arise from breakdown of 
(VII), although it could be readily derived from (IV); nor could it have been produced as a 
by-product in the condensation of disilver adenylate with dibenzyl chlorophosphonate, since 
both pyrophosphoric acid and its benzyl esters are soluble in ether, and the crude reaction 
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mixture was poured into a large volume of ether to precipitate (V). Our conclusion is therefore 
that adenosine triphosphate, prepared from muscle, by the synthesis of Baddiley, Michelson, 
and Todd (loc. cit.) or by the method described in this paper, has structure (IV). 
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The production of (IV) by the synthesis here described must involve a rearrangement at 
some stage. In our view the most probable explanation is that the initially formed (VII) 
undergoes rearrangement via a cyclic anhydro-form (VIII). It is, of course, also possible that 
formation of the cyclic form occurs in a partly debenzylated material and that after removal 
of the remaining benzyl groups the product (VIII) passes on hydration or on salt formation 
into (IV). Cyclic structures have frequently been postulated for polyoxy-acids of phosphorus 
and in certain cases at least such structures seem to be well established. The hypothetical 
intermediate (VIII) is simply the adenosine-5’ mono-ester of trimetaphosphoric acid if we accept 
for that acid the structure corresponding to its trisodium salt (Treadwell and Leutwyler, Helv. 
Chim. Acta, 1938, 21, 1450; Rudy and Schloesser, Ber., 1940, 73, 484). Whether the initial 
product formed from trimetaphosphates in acid solution is the linear triphosphoric acid does 
not seem to have been established, but it seems reasonable to suppose that it is; further slow 
hydrolysis yields orthophosphate and pyrophosphate (cf. Beans and Kiehl, J]. Amer. Chem. Soc., 
1927, 49, 1878.) A rather similar state of affairs is found in the metaphosphimino-acids. 
According to Stokes (Z. anorg. Chem., 1899, 19, 36) the trimeric acid has the cyclic structure 
(IX) and undergoes hydrolysis to the linear structure (X). Cyclic polymetaphosphates may, 
indeed, be intermediate products in some other recorded syntheses of polyphosphates—for 
example, in the co-carboxylase syntheses of Weiljard (J. Amer. Chem. Soc., 1942, 64, 2279) and 
of Karrer and Viscontini (Helv. Chim. Acta, 1946, 29, 711), and in the aneurin triphosphate 
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synthesis reported by Velluz, Amiard, and Bartos (Bull. Soc. chim., 1948, 871). In all these 
cases the phosphorylating agents used undoubtedly contained polymetaphosphoric acids. 

Our findings in the present work prompt the question whether such a compound as (VIII) 
plays any réle in biological systems commonly associated with adenosine triphosphate. 
Although evidence is lacking as yet, it would seem not unreasonable to suppose that it may; 
evidence on this might well be obtained by examining the behaviour of synthetic adenosine 
triphosphate containing a radioactive phosphorus atom at P* or P® in biological 
systems. Lipmann (Adv. Enzymology, 1941, 1, 99) has already suggested that the increase in 
stability consequent upon ring-closure to such a structure would have a large effect on the 
intramolecular energy distribution and might well have a bearing on the problem of the 
utilisation of ‘‘ energy-rich ’”’ phosphate bonds in muscular contraction. It is of some interest 
in this connexion that inorganic metaphosphates have been isolated from yeast (Wiame, 
J. Biol. Chem., 1949, 178, 919), Neurospora (Houlahan and Mitchell, Arch. Biochem., 1948, 19, 
257), and other micro-organisms (Mann, Biochem. J., 1944, 38, 339, 345) and that Umschweif 
and Gibaylo (Acta Biol. Exper., 1937, 11, 6; Compt. rend. Soc. biol., 1937, 125, 275; see also 
Z. physiol. Chem., 1937, 246, 163) found that alkaline hydrolysis of adenosine triphosphate 
from both muscle and yeast liberated a compound behaving like metaphosphate, in addition 
to pyrophosphate. 

A point of practical interest from our experiments is that the crude barium adenosine 
triphosphate isolated as initial product in the synthesis always contained large amounts of 
inorganic pyrophosphate. As the latter almost certainly arose through the breakdown of the 
triphosphate, it is possible that a careful study of methods of isolation and purification might 
lead to a marked increase in the yield of isolated adenosine triphosphate. 


EXPERIMENTAL, 


Preparation of Crude Barium Adenosine-5’ Triphosphate from the Reaction Product of Dibenzyl 
Chlorophosphonate and Disilver Adenosine-5’ Phosphate—To a solution of disilver adenosine-5’ 
phosphate (2 g., dried for 12 hours at 80°/1 mm.) in phenol (90 g.) at 60°, dibenzyl chlorophosphonate 
(prepared from 5 g. of dibenzyl phosphite, according to Atherton, Openshaw, and Todd, /., 1945, 382) 
and methyl cyanide (10 c.c.) were added. The mixture was maintained at 60° for 5 minutes 
with exclusion of moisture and then poured into dry ether (500 c.c.). The precipitated solid was 
filtered off, washed well with ether, dried under reduced pressure at room temperature, and dissolved 
in aqueous dioxan (200 c.c. of 50%). Silver chloride was removed by filtration through Hyfio supercel, 
and the solution hydrogenated at room temperature and atmospheric pressure with a mixture of 
palladium oxide and palladised carbon catalysts. After absorption of hydrogen had ceased, catalyst 
was removed by filtration, and N-sodium hydroxide and barium acetate solution were added to pH 6-5. 
The precipitated barium salt was centrifuged off, washed with water, dissolved in cold hydrochloric 
acid (N/10), and centrifuged from insoluble matter, and N-sodium hydroxide solution added to pH 5. 
The collected barium salt was again dissolved in cold hydrochloric acid (N/10) and the barium salt 
reprecipitated by adding two volumes of absolute ethanol. Water, barium acetate (20%), and 
n-sodium hydroxide solution were added to the collected barium salt (which contained a certain amount 
of acidic monobarium adenosine triphosphate) to pH 6-5, and the barium salt was centrifuged off, washed 
twice with water, once with 50% ethanol, twice with 95% ethanol, and once with ether, and dried 
under reduced pressure at room temperature over phosphoric oxide (yield, 1-5 g.}. Enzymic assay 
(by Dr. K. Bailey, School of Biochemistry, Cambridge) indicated ca. 30% of inorganic pyrophosphate 
and 40—45% (slight variation in successive runs) of an adenosine triphqsphate split by myosin 
adenosine-triphosphatase. 

Preparation of Pure Salts of Adenosine-5’ Triphosphate from the Crude Barium Salt.—To the above 
crude barium salt (2-2 g.) suspended in water (5 c.c.), dilute sulphuric acid (11 c.c. of N.; check with 
rhodizonic acid) was added with vigorous shaking. Barium sulphate was spun off and washed several 
times by centrifugation with small quantities of water. Acridine (1-5 g.), dissolved in a little warm 
ethanol, was added to the collected supernatant liquids, and the mixture of acridinium salts warmed 
to dissolution (total volume, ca. 50 c.c.), filtered and set aside at 0° overnight. The deposited solid A 
{1-0 g.; m. p. 200—204° (decomp.)] was collected, and the mother liquors were taken to small volume 
under reduced pressure, whereupon crystalline acridinium pyrophosphate [0-28 g.; m. p. 258° 
(decomp.)] separated. This was removed by filtration, ethanol (40 c.c.) added to the filtrate, and the 
precipitated acridinium salt (0-673 g.), which contained considerable quantities of the acridinium salt 
of adenosine triphosphate, collected and recrystallised from water (in which it was now only moderately 
soluble), giving B (0-34 g.; darkens at 190—200°, blackens and shrinks at 205°). The solids A 
(recrystallised from water) and B were combined (ca. 1-1 g.) and suspended in water, and N-sodium 
hydroxide solution was added until the yellow colour of the solution had completely disappeared. 
Liberated acridine was removed by washing with ether, and nitric acid was added to the solution to 
give a final acid concentration of N/10. Mercuric nitrate solution (Lohmann reagent) was now added, 
drop by drop, until precipitation was complete. The mercuric salt was spun off, washed with water, and 
decomposed at 0° in the usual way. To the combined supernatant liquids, after removal of mercuric 
sulphide, barium acetate solution (20%) and n-sodium hydroxide were added to pH 6, the barium salt 
was spun off, dissolved in cold hydrochloric acid (N/10), and centrifuged from insoluble matter, and 
ae hydroxide and barium acetate solution (1 drop) were added to pH 5. The barium salt was 

Y 
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again spun off, washed with water, redissolved in cold hydrochloric acid (N/10), reprecipitated by adding 
two se cash of absolute ethanol, and collected by centrifugation. The salt was stirred with a mixture 
of aqueous sodium hydroxide and barium acetate solution (pH 6-5), then spun off, washed twice with 
water, once with 50% ethanol, twice with 95% ethanol, and once with ether, and dried at room 
temperature (yield, 0-5 g.; enzymic assay, ca. 75% of adenosine triphosphate). 

viacridintum Salt.—The above barium salt (0-39 g.), suspended in water (1 c.c.), was treated in the 
usual way with sulphuric acid (1-88 c.c. of N.), acridine (0-26 g.) in a little warm ethanol added to the 
combined supernatant liquids, and the acridinium salt recrystallised from water (0-35 g.); it had 
m. p. 209° (decomp.), undepressed in admixture with the acridinium salt of natural adenosine 
triphosphate. X-Ray powder photographs of the two specimens were identical, as also were 
the infra-red absorption spectra (Found, in material dried for 24 hours over phosphoric 
oxide at room temperature/l mm.: N, 10-7; P, 87%; P total/P labile = 1-54, 1-51. . 
for CyH,.0,3N,P3,3C,,H,N,H,O: N, 10:5; P, 88%; P total/P labile = 1-50). Enzymic assay, 
>80% of adenosine triphosphate. 

Dibarium Salt.—The above acridinium salt (20 mg.) was dissolved in aqueous sodium hydroxide 
(n/10), and the acridine removed by extraction with ether. To the filtered solution barium acetate 
(20%) was added and the dibarium salt spun off, washed thrice with water, twice with 
ethanol, and once with ether, and dried (Found: N, 7:6%; P total/P labile = 1-50. Calc, 
for C,,5H,,0,,;N,P,;Ba,,6H,O: N, 7-°9%; P total/P labile = 1-50). 


Grateful acknowledgment is made to the Department of Scientific and Industrial Research for a 
Maintenance Allowance (to A.M.M.) and to Roche Products Ltd. for gifts of material. Our thanks are 
also due to Dr. K. Bailey for enzymic tests, and to Dr. N. Sheppard and Mr. A. Vallance-Jones for 
infra-red data. 
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523. Experiments on the Synthesis of Purine Nucleosides. 
Part XXVI. 9-D-Glucopyranosidoisoguanine. 


By K. J. M. ANDREws, Nity ANAND, A. R. Topp, and A. TopHam. 


A variety of theoretically possible methods for the adaptation, to the synthesis of guanine 
and isoguanine glycosides, of the general synthetic route to purine nucleosides developed in 
peeryans tne of this series has been investigated. Direct preparation of guanine glycosides 

ifi 


by m cation or replacement of groups at position 2 in other substituted purine glycosides 
proved impracticable. In model experiments, the preparation of isoguanine and 9-methyliso- 
guanine was, however, effected from 2-methylsulphonyladenine and 2-methylsulphonyl-9-methyl- 
adenine by replacement of the methylsulphonyl residue by hydroxyl, either directly by 
sodium hydroxide or indirectly by preliminary conversion into the corresponding 2-ethoxy- or 
ter oe Abeer Serve” Application of these findings to 2-methylsulphonyl-9-(tetra-acetyl 
D-glucopyranosido)adenine resulted in a synthesis of 9-p-glucopyranostdoisoguanine. 


Tue first step in the general synthesis of purine nucleosides developed in earlier papers of this 
series is the formation of a derivative of 6-amino-4-glycosidaminopyrimidine. In its original 
form, the method employed was simple condensation of a sugar with a suitable 4 : 6-diamino- 
pyrimidine (Baddiley, Lythgoe, and Todd, J., 1943, 571); the later method, designed to 
ensure the production of furanoside, in which a Schiff base is first prepared from an aldehydo- 
sugar and a 4: 6-diaminopyrimidine (Kenner, Lythgoe, and Todd, /J., 1948, 957; Kenner, 
Rodda, and Todd, this vol., p. 1613; Kenner, Taylor, and Todd, ibid., p. 1620) is a variant of 
the original, and the pyrimidine derivatives employed are subject to the same structural 
limitations. It was pointed out (Baddiley, Lythgoe, and Todd, Joc. cit.) that only those 
4 : 6-diaminopyrimidines (I) would condense with sugars which bore in position 2 a substituent 
R incapable of taking part in prototropic change (e.g., H, Me, SMe). This was attributed to 
the fact that in such cases one of the groups at positions 4 and 6 would show in considerable 
degree the properties of a true amino-group, whereas if a group capable of participating in 
prototropic change (e.g., OH, SH, NH,) were present in position 2 both groups in positions 4 and 
6 would react mainly in the tautomeric imino-form and would fail to condense with a sugar. 
This being so, it was clear that the successful application of the method to nucleosides containing 
in position 2 such groups as NH, or OH (e.g., glycosides of guanine or isoguanine) would depend 
on the introduction of these groups either by direct substitution or by replacement of another 
group at some stage after attachment of the sugar residue. Experiments were early initiated 
to find a suitable solution of this problem, but it proved more elusive than was at first expected. 
The present paper presents the results of these studies and their successful outcome exemplified 
by the synthesis of 9-D-glucopyranosidoisoguanine (6-amino-2-hydroxy-9-D-glucopyranosido- 
purine) (II; R = OH, R’ = p-glucosidy]). 
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Since it is known that a chlorine atom at position 2 in a purine glucoside can be replaced 
directly by an amino-group (Fischer and Helferich, Ber., 1914, 47, 210), the simplest solution 


Sam roe, 


(I.) (II.) 


of the problem appeared to be to use 2-chloro-4 : 6-diaminopyrimidine as starting material in 
nucleoside syntheses and replace the chlorine atom in the final product. This chloro-compound 
is not described in the literature and we could find no convenient method of preparing it. 
4: 6-Diamino-2-hydroxypyrimidine did not dissolve in boiling phosphoryl chloride, and 
addition of dimethylaniline to the mixture brought about breakdown of the pyrimidine ring 
system. Partial amination of 2: 4-dichloro-6-aminopyrimidine gave only 4-chloro-2: 6- 
diaminopyrimidine. The possibility of introducing an amino-group at position 2 in an adenine 
glycoside was examined in model experiments with adenine and 9-methyladenine, but under 
conditions which readily yield 2-aminopyridine from pyridine no appreciable reaction occurred 
between either of these compounds and sodamide in dimethylaniline. 

Attention was next turned to the possibility of using as starting material in the general 
synthesis a 2-substituted 4 : 6-diaminopyrimidine (I) in which R was a substituted amino- 
group such that condensation of one of the free amino-groups with a sugar would succeed and 
from which the substituent(s) could later be removed giving finally a purine glycoside with a 
2-amino-group. The use of an acylamino-group at C,,. was not investigated as attempts to 
prepare 4 : 6-diamino-2-acetamidopyrimidine for model experiments failed. Failure to obtain 
the desired 2-chloro-4 : 6-diaminopyrimidine also balked our efforts to use a substituted 
hydrazino-group at C,,., which might have been split later by hydrogenation. 4 : 6-Dichloro-2- 
(2’-phenyl-2’-methylhydrazino)pyrimidine was prepared by interaction of 2: 4: 6-trichloro- 
pyrimidine with 1-phenyl-l-methylhydrazine, but attempts to replace the chlorine atoms by 
amino-groups failed; direct ring synthesis of a suitable compound appeared impracticable as 
substituted amidinohydrazines did not condense with malononitrile to give pyrimidines. We 
were similarly unable to prepare 4: 6-diamino-2-benzylaminopyrimidine by amination of 
4: 6-dichloro-2-benzylaminopyrimidine which was itself prepared by interaction of 2: 4: 6-tri- 
chloropyrimidine with benzylamine or by treatment of 2-benzylamino-4 : 6-dihydroxy- 
pyrimidine with phosphoryl chloride. 4-Amino-2-benzylamino-6-hydroxypyrimidine, prepared 
by condensation of benzylguanidine with ethyl cyanoacetate, could not be converted into a 
glycoside. This fact suggested that it might be necessary to have a disubstituted amino-group 
in position 2 if condensation with a sugar were to succeed, and experiments to prepare and 
examine such compounds were undertaken. Although the most suitable group seemed to be 
2-dibenzylamino-, we also prepared compounds containing 2-dimethylamino- and 2-4’- 
morpholino-groups for comparison. 4 : 6-Diamino-2-dibenzylaminopyrimidine and 4-amino-2- 
dibenzylamino-6-hydroxypyrimidine were synthesised by condensation of NN-dibenzylguanidine 
(prepared as its hydrochloride) with malononitrile and ethyl cyanoacetate respectively. In 
similar fashion, 4 : 6-diamino-2-4’-morpholinopyrimidine, 4-amino-2-4’-morpholino-6-hydroxy- 
pyrimidine, 4 : 6-diamino-2-dimethylaminopyrimidine, and 4-amino-2-dimethylamino-6-hydroxy- 
pyrimidine were prepared by use of the same esters and 4-amidinomorpholine (isolated as its 
hydrochloride) and NN-dimethylguanidine. In trial experiments, it was observed that 
4: 6-diamino-2-dibenzylaminopyrimidine, 4 : 6-diamino-2-4’-morpholinopyrimidine, and 4: 6- 
diamino-2-dimethylaminopyrimidine condensed with glucose in boiling ethanolic solution in 
presence of an acidic catalyst to give syrupy products which were undoubtedly glycosidic. In 
the case of the 2-dimethylamino-derivative, the nature of the condensation product was 
confirmed by coupling it with diazotised 2: 5-dichloroaniline, the crystalline 6-amino-4-p- 
glucosidamino-2-dimethylamino-5-(2’ : 5’-dichlorobenzeneazo)pyrimidine being obtained. Work 
on the 2-dibenzylamino-compounds was not further pursued, however, since it was found 
impossible to remove the benzyl residues by hydrogenation either from 4 : 6-diamino-2- 
dibenzylaminopyrimidine or from 2-dibenzylaminoadenine synthesised from it. 

The failure to find any solution to the basic problem by the above methods caused us to 
reconsider the possibility of replacing a 2-methylthio-substituent by NH, or OH. This we 
had considered at an early stage because of its obvious advantages should the replacement be 
easily effected; in particular it had the advantage that 4 : 6-diamino-2-methylthiopyrimidine 


2492 Andrews, Anand, Todd, and Topham: Experiments on 


was more reactive in condensations with sugar derivatives than any of the other 4 : 6-diamino. 
pyrimidines we had used in nucleoside syntheses. This approach had, however, been temporarily 
suspended when it was found that direct replacement of the methylthio-group in 4 : 6-diamino- 
2-methylthiopyrimidine by amino could not be effected with aqueous or alcoholic ammonia 
even at high temperatures. Several related compounds, in which the Alkylthio-group was 
modified or the pyrimidine ring so substituted in position 5 that reactivity towards ammonia 
would be increased without rendering the compounds themselves worthless in nucleoside 
synthesis, had also been examined. Thus 4 : 6-diamino-2-methylsulphonylpyrimidine, 4-amino- 
6-hydroxy-2-carbethoxymethylthiopyrimidine,  4-amino-6-hydroxy-2-(dicarbethoxymethylthio) pyr. 
imidine, and 5-nitro-4-amino-6-hydroxy-2-methylithiopyrimidine all failed to undergo the desired 
reaction with ammonia under a variety of conditions. These failures were at the time 
unexpected and we have no satisfactory explanation to offer. This unaccountable difficulty 
in replacement of alkylthio-groups in some pyrimidine derivatives has, of course, been noted 
on more than one occasion (cf. Curd and Rose, J., 1946, 343; Hull, Lovell, Openshaw, and 
Todd, J., 1947, 41). In taking up the problem afresh, it seemed desirable to carry out 
experiments on the replacement of the methylthio-group in 2-methylthioadenine and 2-methyl- 
thio-9-methyladenine as models for the 2-methylthioadenine glycosides. An éxhaustive series 
of experiments designed to replace the methylthio-group directly with an amino- or substituted 
amino-group was carried out but without any success. No reaction occurred with saturated 
alcoholic ammonia below about 230°, and above this temperature only brown decomposition 
products were obtained. No replacement could be effected when sodamide was used under 
various conditions, with aniline or with methylamine + methylamine hydrochloride at 170°, or 
with ammonium chloride or acetamide at 160°; a mixture of aniline and aniline hydrochloride 
at 170° caused decomposition with formation of an unidentified substance (m. p. 255°) of 
empirical formula C,H,)N,S. Indirect methods of bringing about the replacement of CH,S: 
by NH,» such as conversion into an isothiocyanate or a sulphone before treatment with 
ammonia were also unsuccessful. 

The general conclusion drawn from all these experiments was that, although very attractive 
from the standpoint of easy production of guanine glycosides, the simple replacement of an 
acceptable substituent (other than halogen) in position 2 by NH,» in suitable pyrimidine or 
purine derivatives was impracticable; we therefore examined the conversion of 2-methyl- 
thioadenine derivatives to isoguanine (2-hydroxyadenine) derivatives as a reasonable alternative, 
since the further conversion of isoguanine into guanine derivatives, although perhaps laborious, 
seemed feasible. Boiling with chloroacetic acid under reflux had no effect on 2-methylthio-9- 
methyladenine, although Johnson and Hill (J. Amer. Chem. Soc., 1914, 36, 372) used this method 
for replacing a 2-ethylthio-group in pyrimidine derivatives by. hydroxyl. Sprague and 
Johnson (J. Amer. Chem. Soc., 1935, 57, 423) showed that a 2-methylsulphonyl-group in 
several pyrimidine derivatives resembled a halogen atom in its ease of replacement by OEt, 
OH, or NH,. 2-Methylsulphonyladenine (Il; R = MeSO,, R’ = H) was readily prepared by 
the action of chlorine in aqueous solution on 2-methylthioadenine; although it did not react 
with ammonia, it was smoothly converted into isoguanine (II; R = OH, R’ = H) by boiling 
it under reflux with dilute aqueous sodium hydroxide. 

When treated with chlorine in aqueous solution, preferably at room temperature, 2-methyl- 
thio-9-methyladenine yielded a crystalline product containing chlorine, considered to be 
6-chloroamino-2-methylsulphonyl-9-methylpurine, since it gave 2-methylsulphonyl-9-methyladenine 
(II; R = MeSO,, R’ = Me) by dissolution in boiling water and addition of aqueous ammonia, 
sodium hydrogen sulphite, or sodium dithionite. 2-Methylsulphonyl-9-methyladenine was 
also obtained, albeit in poorer yield, from the corresponding 2-methylthio-compound by 
treatment with hydrogen peroxide in acetic acid; oxidation of the 2-methylthio-compound 
with chlorine in dioxan gave the unstable 2-methylsulphinyl-9-methyladenine (Il; R = MeSO, 
R’ = Me). On being heated with dilute aqueous sodium hydroxide, 2-methylsulphony!-9- 
methyladenine yielded 9-methylisoguanine (Il; R = OH, R’ = Me); this replacement proceeded 
much more readily than with the unsubstituted 2-methylsulphonyladenine. The same 
product was obtained by converting the sulphone into 2-ethoxy-9-methyladenine by heating 
it with ethanolic sodium ethoxide and dealkylating the product with hydrobromic acid, or 
with ethyl chloroformate in ethanolic solution (reaction in the latter case proceeding by initial 
formation of an unstable quaternary salt). Since a benzyloxy-group which would undergo 
fission by hydrogenation was likely to be of more general use than an ethoxy-group, 2-benzyloxy- 
9-methyladenine (II; R = CH,Ph-O, R’ = Me) was prepared by treating the 2-methylsulphonyl- 
compound with one molecular proportion of sodium benzyloxide. When excess of sodium 
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penzyloxide was used, the product obtained appeared to be 6-benzylamino-2-benzyloxy-9-methyl- 
purine, the 6-amino-group being simultaneously benzylated; treated with hydrochloric acid 
in acetic acid this compound yielded 6-benzylamino-2-hydroxy-9-methylpurine. Catalytic 
hydrogenation of 2-benzyloxy-9-methyladenine in an acid medium yielded, as expected, 
g-methylisoguanine. 

The next step was to apply these methods to the synthesis of an isoguanine glycoside so as 
to test their validity in the nucleoside field, and 9-p-glucopyranosido-2-methylthioadenine was 
selected as a suitable starting material. This substance was first prepared by Holland, Lythgoe, 
and Todd (j., 1948, 965), who obtained it, with difficulty and in poor yield as an amorphous 
powder by applying the standard synthetic procedures of nitrosation, reduction, thio- 
formylation, and ring-closure to 6-amino-4-D-glucosidamino-2-methylthiopyrimidine. The 
reason for this difficulty is unknown, but repetition of the method described furnished the 
crystalline glucoside (m. p. 269—271°) in excellent yield. On acetylation it yielded a crystalline 
tetra-acetate, whose identity was confirmed by treatment in ethanolic solution with Raney 
nickel followed by deacetylation, to yield 9-p-glucopyranosidoadenine. Oxidising agents 
such as chlorine and hydrogen peroxide attacked both the glucose residue and the methylthio- 
group in 9-p-glucopyranosido-2-methylthioadenine, but the tetra-acetyl derivative was 
oxidised readily with hydrogen peroxide in acetic acid to give 9-(tetra-acetyl D-glucopyranosido)- 
2-methylsulphonyladenine [II; R = MeSO,, R’ = C,H,O(OAc),). When this sulphone was 
heated under reflux for a short time with aqueous sodium hydroxide, 9-p-glucopyranosidoiso- 
guanine (II; R=OH, R’ = C,H,,0;) was obtained. Attempts to prepare 9-p-gluco- 
pyranosido-2-benzyloxyadenine were less successful. From the model experiments on 
2-methylthio-9-methyladenine discussed above, it was clear that only one molecular equivalent 
of sodium benzyloxide should be used if benzylation of the 6-amino-group were to be avoided. 
To avoid complications, the tetra-acetyl sulphone [II; R = MeSO,, R’ = C,H,O(OAc),] was 
first deacetylated with sodium methoxide in the cold, and the product treated with one 
equivalent of sodium benzyloxide in dimethylformamide. An amorphous material was 
obtained which was free of sulphur and, from its ultra-violet absorption spectrum, appeared to 


consist largely of the benzyloxy-compound, but it could not be purified to give a homogeneous 
product. 


EXPERIMENTAL. 


4: hates Ee afl me ng ae gf pee : 4: 6-Trichloropyrimidine (30 g.; pre- 
pared according to diley and Topham, J., 1945, 678) was dissolved in ethanol (60 c.c.), and 1-phenyl- 
l-methylhydrazine (43 c.c.) added. The mixture was set aside for 2 days, a crystalline precipitate 
gradually forming. This was collected and recrystallised from 2-ethoxyethanol; the product was 
obtained as colourless prisms (17 g.), m. p. 163—165° (Found: C, 49-2; H, 3-8; N, 20-0. C,,H4»N,Cl, 
requires C, 49-1; H, 3-7; N, 20-8%). Replacement of the chlorine atom at position 2 is assumed, since 
this oe - be the most reactive halegun atom in 2: 4: 6-trichloropyrimidine (cf. Bittner, Ber., 
1903, 36, 2227). 

2-Benzylamino-4 : 6-dihydroxypyrimidine.—Benzylguanidine hydrochloride (9-3 g.) was added to 
ethanolic sodium ethoxide (3-5 g. of sodium in 45 c.c. of ethanol), and the mixture filtered from sodium 
chloride. Ethyl malonate (8 g.) was added to the filtrate which was then heated ynder reflux for 
4hours. The precipitate which had formed was collected and the mother-liquor evaporated, leaving a 
residue which was combined with the precipitate. Recrystallisation from aqueous acetic acid (50 c.c. 
of water + 6 c.c. of acetic acid) gave 2-benzylamino-4 : 6-dihydroxypyrimidine as colourless needles 
(5-7 g.), m. p. 270—-272° (decomp.) (Found: C, 60-5; H, 5-3; N, 19-4. C,,H,,0O,N, requires C, 60-8; 
H, 5-1; N, 19-3%). 

4 : 6-Dichloro-2-benzylaminopyrimidine.—(a) 2-Benzylamino-4 : 6-dihydroxypyrimidine (1 g.) was 
heated under reflux for 15 minutes with phosphoryl chloride (10 c.c.). The solution was evaporated to 
dryness under reduced pressure, and the residue recrystallised from ethanol, forming colourless needles 
(0-12 g.), m. p. 129—131° (Found: C, 52-0; H, 3-7; N, 16-2; Cl, 28-0. C,,H,N;Cl, requires C, 52-0; 
H, 3-6; N, 16-5; Cl, 27-9%). 

(6) 2: 4: 6-Trichloropyrimidine (4-3 g.) was added to a solution of benzylamine (5 g.) in ethanol 
(8 c.c.), and the mixture set aside for 5 hours. The product, recrystallised from 80% ethanol, had 
m. p. 126—129°. .The mixed m. p. with material prepared by method (a) was 128—131°. 

4-A mino-2-benzylamino-6-hydroxypyrimidine.—Ethanolic sodium ethoxide (5 g. of sodium in 100 c.c. 
of alcohol) was added to a solution of benzylguanidine hydrochloride (20 g.) and ethyl cyanoacetate 
(12-2 g.) in ethanol (100 c.c.), and the mixture heated under reflux for 6 hours. Worked up in the usual 
way the pyrimidine crystallised from ethanol in colourless prisms (9-8 g.), m. p. 202—204° (Found : 
C, 61-2; H, 5-6; N, 26-0. C,,H,,ON, requires C, 61-1; H, 5-6; N, 25-9%). 

NN-Dibenzylguanidine Hydrochloride.—Dibenzylamine hydrochloride (122 g.) was dissolved in 
boiling 2-ethoxyethanol (1530 c.c.), cyanamide (61 g.; dried over phosphoric oxide) and a solution of 
hydrogen chloride in 2-ethoxyethanol (12 c.c.; saturated at room temperature) were added, and the 
whole was heated under reflux for 4 hours. The solution was concentrated to a viscous syrup, and ethyl 
acetate (600 c.c.) was added. The colourless crystalline precipitate which separated was collected and 
Tecrystallised by heating it under reflux with u-butanol (110 c.c.), filtering, and adding ethyl acetate 
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(600 c.c.) to the hot filtrate. The hydrochloride separated as colourless risms (64-2 g. ) m. p. 193—195°, 
which were collected, washed with ether, and dried at 90° (Foun C, 65-2; Oe 8; N, 15:3. 
CrsHagNaCl requires C, 65-3; H, 6-6; N, 15-2%). 

pbholt Hydrochloride. ert Methylisothiourea sulphate (139 g.), water (367 c.c.), and 
Paitin oo (90 ¢.c.) were placed in a flask fitted with a reflux condenser to which was attached 
an efficient mercaptan trap. The mixture was slowly heated to boiling and then caused to reflux for 
5 minutes. A hot solution of barium chloride (122 g.) in water (250 c.c.) was added. The whole was 
next heated on the steam-bath for 30 minutes and filtered through kieselguhr. Evaporation of the 
filtrate under reduced pressure gave a gum which was dissolved in hot ethanol (100 c.c.), and acetone 
(750 c.c.) was added. The Aydrochloride which separated (84 g.) was recrystallised from a mixture of 
2-ethoxyethanol and ethyl acetate and formed colourless prisms whose m. p. varied from 130° to 160° 
accordin he rate of heating (Found: C, 36-1; H, 7-2; N, 25-1. C,;H,,ON,Cl requires C, 36-3; H, 7-3; 
N, 25-49 

4: ¢ Diemine-2- -dibenzylaminopyrimidine.—Ethanolic sodium ethoxide (1-3 g. of sodium in 25 c.c, 
of alcohol) was added to a solution of NN-dibenzylguanidine hydrochloride (15-4 g.) and malononitrile 
(3-7 g.) in ethanol (45 c.c.), and the mixture heated under reflux for 6 hours. The product was isolated 
in the usual manner and purified by sublimation at 100°/10% mm. This pyrimidine formed colourless 
prisms (8-7 g.), m. p. 124-5—125-5° (Found: C, 70-5; H, 6-2; N, 23-2. C,,H,,N, requires C, 70-8; 
H, 6-3; N, 22-9%). 

4 : 6-Diamino-2-4'-morpholinopyrimidine.—Prepared by the same method as the preceding compound 
from 4-amidinomorpholine hydrochloride (16-55 g.) and malononitrile (6-6 g.), this compound formed 
colourless needles (8-2 g.), m. p. 205—206°, from ethanol or water (Found: C, 49-2; H, 6-6; N, 36-2, 
CoH 20N, requires C, 49-2; H, 6-7; N, 35-9%). 

: 6-Diamino-2-dimethy lamin pyri idine.—Prepared as above from NN-dimethylaminoguanidine 
hydrochloride (12-35 g.) and malononitrile (6-6 g.), the product, recrystallised from ethanol or purified 
sublimation at 100°/10-* mm., formed colourless prisms (6-5 g.), m. p. 261—263° (Found: C, 47-2; 
H, 6-9; N, 46-3. C,H,,N, requires C, 47-0; H, 7:2; N, 45-7%). 

4-A mino-2-dibenzylamino-6- waroxypyrimidine.—Ethanolic sodium ethoxide (0-85 g. of sodium in 
15 e.c. of ethanol) was added to NN-dibenzylguanidine hydrochloride (5 g.) and ethyl cyanoacetate 
(2-05 c.c.) in ethanol (15 c.c.), and the mixture boiled under reflux for 2 hours. The mixture was 
evaporated to dryness, the residue taken up in dilute sodium hydroxide and filtered from sparingly 
soluble material and the filtrate (ca. 150 c.c.) acidified with acetic acid. The precipitated pyrimidine 
recrystallised from water in Lee ul bet (2-4 g.), m. p. 221—222° (Found: C, 70-7; H, 5-9; N, 18-2. 
C,,H,,ON, 5 sey C, 70-6; H, 5-9 18-3%). An unidentified crystalline substance, m. p. 183—185°, 
was obtained from the residue left on dissolving the crude reaction product in dilute sodium hydroxide. 

4-Amino-2-4’-morpholino-6-hydroxypyrimidine, colourless prisms, m. P. 274—277°, from water 
(Found: C, 49-5; H, 6-1; N, 28-5. C,sH,,0O,N, requires C, 49-0; H, 6-2; N, 28-6%) and 4-amino-2- 
ae ci ges -6- -hydroxyp yrimidine, colourless needles, m. p. 289—293°, from water (Found: C, 46-9; 
H, 6-1; N, 35-9. C,gH, ON, requires C, 46-7; H, 6-5; N, 36-3%) were prepared in similar fashion by 
using 4- -amidinomorpholine and dimethylaminoguanidine, respectively. 

6-A mino-4-D-glucosidamino-2-dimethylamino-5-(2’ : 5’-dichlorobenzeneazo)pyrimidine.—A mixture of 
4 : 6-diamino-2-dimethylaminopyrimidine (15 g.), D-glucose (17-7 g.), ammonium chloride (0-5 g.), 
ethanol (100 c.c.), and benzene (100 c.c.) was stirred and heated in a flask fitted with a 2-ft. Fenske 
column and reflux ratio head so that slow distillation occurred, 100 c.c. distillate being collected a 
43 hours. At the end of this time the solution was cooled and poured on.a short column of activat 
alumina (1500 g.), the column being washed with ethanol (51.). The column was now eluted with water 
(4 1.), and the eluate evaporated under reduced pressure. The residual resin (20 g.) was dissolved in 
water (100 c.c.), and pyridine (24 c.c.) was added. To this solution cooled in ice was‘added a solution 
of diazotised 2 : 5-dichloroaniline (prepared in the usual manner from 10 g. of amine) until the diazonium 
salt was in slight excess. After 15 minutes, the precipitated azo-glycoside was collected and recrystallised 
from pyridine—-ethanol, forming small golden yellow — m. p. 258° (Found: C, 44:5; H, 5-0; 
N, 20:3. C,,H,,0,N,Cl, requires C, 44-3; H, 4-8; N, 20-1%). 

4 : 6-Diamino-2- ~dibenzylamino-5-nitrosopyrimidine. —Aqueous sodium nitrite (10 c.c. of 10%) was 
added slowly with shaking to 4 : 6-diamino-2-dibenzylaminopyrimidine (2 g.), dissolved in a mixture of 
water (100 c.c.) and acetic acid (3 c.c.) at 15°. After 20 minutes the precipitate was collected and 
recrystallised from ethanol. Thus obtained, the nitroso-compound formed violet prisms (1-45 g.), m. p. 
189° (Found: C, 64-4; H, 5-2; N, 25-4. C1,H,,ON, requires C, 64-7; H, 5-4; N, 25-1%). 

4: 6- -Diamino-2-dimethylamino-5-nitrosopyrimidine was prepared in similar fashion from 4 : 6-di- 
amino-2-dimethylaminopyrimidine. It crystallised from _2-ethoxyethanol in reddish-violet needles, 
m. p. 281—283° (Found: C, 40-1; H, 5-6; N, 45-9. C,H,ON, requires C, 39-6; H, 5-5; N, 46-1%). 

4 : 6-Diamino-2- -dibensylamino-5-thioformamidopyrimidine. .—4 : 6-Diamino- -2-dibenzylamino- -5-nitroso- 
pyrimidine (1-3 g.) in ethanol (50 c.c.) was hydrogenated at atmospheric pressure with a platinum 
oxide catalyst. After 1 hour absorption of hydrogen became slow (uptake, 196 c.c. at N.T.P.; 
theoretical requirement for reduction of nitroso-group, 175 c.c.). The solution was diluted by adding 
ethanol (100 c.c.), catalyst removed by filtration, and aqueous sodium dithioformate (0-6 g. in 80 c.c. 
water) added. The mixture was set aside overnight and the yellowish thioformamido-compound, which 

separated (1-0 g.) was collected and recrystallised from ethanol in colourless needles, m. p. 199° (decomp.) 
(Found: C, 62-8; H, 5-6; N, 22:9; S, 9-0. C,,.H.»N,S requires C, 62-6; H, 5-5; N, 23-1; S, 88%). 

4: 6-Diamino-2-dimethylamino-5-thioformamidopyrimidine was prepared in similar fashion from 
4 : 6-diamino-2-dimethylamino-5-nitrosopyrimidine, save that hydrogenation was carried out with a 
Raney nickel catalyst at 100° and 100 atm. pressure. Recrystallised from water, the product formed 
colourless prisms, m. p. 180° (decomp.) after some sintering at ca. 120° (Found: C, 40-0; H, 5-6; N, 
39-4; S, 15-4. C,H,,N,S requires C, 39-6; H, 5-7; N, 39-6; S, 15-1%). 

2- -Dibenzylaminoadenine.—A solution of 4: 6-diamino-2-dibenzylamino-5-thioformamidopyrimidine 
(0-4 g.) in quinoline (5 c.c.) was boiled until evolution of hydrogen sulphide ceased (15 minutes). The 
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solution was cooled and light petroleum (40 c.c.; b. p. 40—60°) added. The oil which first separated 

set to a mass of crystals which were collected. Recrystallised from n-butanol—benzene, the purine 

formed —. m. p. 225° (Found: C, 69-4; H, 5-8; N, 25-7. C,,H,,N, requires C, 69-1; 
-5; N, 25-5%). 

- aoe eeiaoniains was prepared in the same manner from the appropriate thioformamido- 

compound. It crystallised from water as colourless needles, m. p. 295° (Found: C, 47-3; H, 5-5; 

N, 47-0. C7HyoN, requires C, 47-2; H, 5-7; N, 47-2%). 

4 : 6-Diamino-2-methylsulphonylpyrimidine.—4 : 6-Diamino-2-methylthiopyrimidine (15 g.) was dis- 
solved in dilute hydrochloric acid (50 c.c. of d 1-16, diluted with 400 c.c. water), the solution cooled 
to 0°, and sodium hypochlorite solution (600 c.c. of N.) added with shaking. Aqueous sodium carbonate 
was added after 2 minutes until alkaline, and the precipitated sulphone collected after a further 
5 minutes. Recrystallised from aqueous ethanol (85%) or from water, the product (3-3 g.) formed 
colourless plates, . p. 197—198° (Found: C, 31:8; H, 3-8; N, 30-1. C,;H,O,N,S requires C, 31-9; 

4:3; N, 298%). : 

7 4-A lane dpe Q-cavbethonyuattiglithepyricaidine-—ttays chloroacetate (2-3 c.c.) was added to 
asolution of 4-amino-6-hydroxy-2-mercaptopyrimidine (3-2 g.) in aqueous sodium hydroxide (20 c.c. of N.). 
The mixture was shaken at room temperature for 10 minutes, heated on the steam-bath for 10 minutes, 
and then cooled, and the precipitated product collected. Recrystallised from ethanol, the thioether 
formed colourless needles (3-9 g.), m. p. 180° (decomp.) (Found : C, 41-9; H, 4-9; N, 18-5. C,H,,0,N,S 
requires C, 41-9; H, 4-8; N, 18-3%). ; ; 

4-A mino-6-hydroxy-2-(dicarbethoxymethylthio) pyrimidine.—Prepared in similar fashion from 4-amino- 
6-hydroxy-2-mercaptopyrimidine (6-44 g.) and ethyl bromomalonate (9-56 g.), the thioether crystallised from 
aqueous ethanol in colourless plates (7 g.), m. p. 173° (decomp.) (Found: C, 44-0; H, 5-1; N, 14-6. 
C,,H,,0,N,S requires C, 43-8; H, 5-0; N, 13-99%). 

5-Nitro-4-amino-6-hydroxy-2-methylthiopyrimidine.—Fuming nitric acid (35 c.c.) was decolorised 
with urea and then cooled in an ice bath, and 4-amino-6-hydroxy-2-methylthiopyrimidine (25 g.) added 
in small portions with stirring during 1} hours. After 1 hour at room’ temperature, water (100 c.c.) was 
added. The precipitate was collected, washed with hot water, dissolved in warm aqueous sodium 
hydroxide, and cooled. The yellow sodium salt which crystallised on cooling [8-6 g.; m. p. 333° 
(decomp.)] was collected and redissolved in hot water, and the solution acidified with acetic acid. On 
cooling, the free itro-compound separated as colourless needles. Recrystallised from hot water it had 
m. p. 299° (decomp.) (Found: C, 30-0; H, 2-9; N, 27-5. CsH,O,N,S requires C, 29-7; H, 3-0; 
N, 27:7%). 

2 Mahylsulphonyladenine.—2-Methylthioadenine (0-5 g.; Baddiley, Lythgoe, McNeil, and Todd, 
J., 1943, 383) was suspended in water (20 c.c.) at 40°. Chlorine was now passed through the suspension 
for 15 minutes, during which the temperature rose slightly (to 43°). The mixture was cooled to 0° and 
the flocculent precipitate collected. The product was dissolved in boiling water, the solution made 
weakly alkaline with aqueous ammonia (evolution of chlorine), treated with charcoal, and filtered. 
The sulphone (0-3 g.) separated on cooling and was recrystallised from water; it formed colourless plates 
which did not melt below 350° (Found, in material dried at 120°/4 mm.: C, 33-7; H, 3-7; N, 32-5. 
C,H,O,N;,S requires C, 33-9; H, 3-3; N, 32-9%). 

2-Methylsulphonyl-9-methyladenine.—(a) A rapid stream of chlorine was passed through a suspension 
of 2-methylthio-9-methyladenine (1-2 g.; Baddiley, Lythgoe, McNeil, and Todd, Joc. cit.) in water 
(50 c.c.) at room temperature for 30 minutes with occasional shaking. 6-Chloroamino-2-methylsulphonyl- 
9-methyladenine separated as a flocculent precipitate. A portion was recrystallised from methanol, 
forming colourless fine needles, m. p. 248—250°, after softening at 140° (Found: C, 32-6; H, 3-4; 
Cl, 13-9. C,;H,O,N,SCI requires C, 32-1; H, 3-1; Cl, 13-6%). 

The remainder of the crude chloro-compound was dissolved in boiling water, and sodium hydrogen 
sulphite added till the yellow colour of the solution was discharged. The hot solution was treated 
with charcoal, filtered, and cooled. 2-Methylsulphonyl-9-methyladenine separated; recrystallised from 
water it formed colourless needles, m. p. 313—314° — (Found, in material dried at 120°/4 mm. : 
C, 37-0; H, 4:0; N, 30-8. C,H,O,N,S requires C, 37-0; H, 4-0; N, 308%). The same product was 
obtained by boiling the chloro-compound with ammoniacal water or by treatment with sodium dithionite. 

(6) Hydrogen peroxide (0-45 c.c. of 100 vol.) was added to a solution of 2-methylthio-9-methyladenine 
(0-3 g.) in acetic acid (10 c.c.), and the mixture warmed on the steam-bath for 1 hour. The solution was 
evaporated to dryness under reduced pressure, and the residue (0-12 g.) recrystallised several times 
from ethanol containing a little ammonia. The purified product had m. p. 304° and the mixed m. p. 
with material ao. by route (a) was 308°. 

2-Methylsulphinyl-9-methyladenine.—Chlorine was passed through a solution of 2-methylthio-9- 
methyladenine (0-5 g.) in dioxan (25 c.c.) at 45° during 30 minutes. The mixture was cooled in ice, and 
the crystalline sulphoxide filtered off. After several recrystallisations from water in a nitrogen 
atmosphere it yielded colourless needles, m. p. 295° (decomp.) (Found: C, 39-1; H, 4:3; N, 33-1. 
C,H,ON;S requires C, 39-8; H, 4-3; N, 33-2%). The sulphoxide was readily oxidised yielding the 
sulphone, m. p. 313—-314°, described above. 

2-Ethoxy-9-methyladenine.—2-Methylsulphonyl-9-methyladenine (1 g.) was added to an ethanolic 
solution of sodium ethoxide (0-13 g. of alien in 100 c.c. of ethanol), and the mixture heated under 
reflux for 5 hours during which time the sulphone dissolved completely giving a light-blue solution. 
The solution was evaporated under reduced pressure, and the residue recrystallised from water 
(charcoal) giving 2-ethoxy-9-methyladenine as colourless needles (0-7 g.), m. p. 214—215° (Found: 
C, 49-3; H, 6-0; N, 35-8. Calc. forC,H,,ON,: C, 49:7; H, 5-7; N, 362%). Falconer, Gulland, and 
Story (J., 1939, 1784) claim to have prepared this substance by the action of sodium ethoxide on 
2-chloro-9-methyladenine and describe it as a jelly-like mass; they record a m. p. 252—254°, but we 
obtained no material of this nature. 

6-Benzylamino-2-benzyloxy-9-methylpurine.—2-Methylsulphonyl-9-methyladenine (0-25 g.) was heated 
on the steam-bath for 5 hours with a solution of sodium (75 mg., 3 atoms) in benzyl alcohol (15 c.c.). 
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The blue solution was evaporated under reduced pressure, and the residue recrystallised from water 
(charcoal). The product formed colourless needles (0-2 g.), m. p. 170—171° (Found: C, 70-0; H, 5-7, 
CyH, ON, requires C, 69-5; H, 5-5%). Ultra-violet absorption in ethanol: Max. at 2680 a. (e, 24,300) 
with an inflection between 2580 and 2640 a. (e, ca. 20,700). 

When the substance (0-1 g.) was heated under reflux with a mixture of concentrated hydrochloric 
(1 c.c.) and acetic acid (1 c.c.) for 1 hour, a crystalline precipitate formed. This material was purified 
by dissolution in alkali and reprecipitation by addition of glacial acetic acid. A final recrystallisation 
from water gave colourless needles (0-47 mg.) of Lape ee aE I are m. p. 266—267° 
(Found: C, 61-2; H, 4:9; N, 27-2. C,3H,,;ON, requires C, 61-2; H, 5-1; N, 27-4%). 

2-Benzyloxy-9-methyladenine.—2-Methylsulphonyl-9-methyladenine (0-5 g.) was dissolved in hot 
benzyl alcohol (200 c.c.), and a solution of sodium (50 mg., 1 atom) in benzyl alcohol (10 c.c.) added, 
The mixture was heated on the steam-bath for 4 hours and worked up as above. The product 
crystallised from ethanol (charcoal) in long colourless needles (0-35 g.), m. p. 200° (Found: C, 61-3; 
H, 4:9; N, 27-7. C,3H,,;ON, requires C, 61-2; H, 5-1; N, 27-4%). The substance was insoluble in 
alkali and its ultra-violet absorption spectrum in N/20-hydrochloric acid showed a maximum at 2750, 
(e, 12,000) with an inflection between 2500 and 2560 a. (e, ca. 7,000). 

9-Methylisoguanine (2-Hydroxy-9-methyladenine).—(a) From 2-methylsulphonyl-9-methyladenine. The 
sulphone (0-2 g.) was heated under reflux for 20 minutes with aqueous sodium hydroxide (20 c.c. of 
10%). The cooled solution, acidified with acetic acid, yielded the crude 9-methylisoguanine as a 
gelatinous precipitate. For purification, the base was converted into its sparingly soluble hydrochloride 
which crystallised readily from dilute hydrochloric acid solution. The free base was liberated from the 
hydrochloride by dissolving the latter in sodium hydroxide and making the solution acid again with 
acetic acid. It separated from hot water in a gelatinous form which fell to a powder on drying, but it 
could not be obtained in a crystalline condition; it had no m. p. but slowly darkened when heated and 
decomposed above 250°. Its ultra-violet absorption spectrum in N/20-hydrochloric acid showed a 
maximum at 2840 a. (¢, 8200) and a minimum at 2510 a. (¢, 1100). For analysis it was converted into 
the picrate which crystallised from water in long yellow needles which decomposed above 310° (Found: 
C, 36-8; H, 2-8; N, 28:3. C,H,ON,,C,H,O,N, requires C, 36-5; H, 2-5; N, 28-5%). 

(b) From 2-ethoxy-9-methyladenine. (i) The ethoxy-compound (0-1 g.) was dissolved in a solution of 
hydrobromic acid in acetic acid (3 c.c. of 50%), and the solution set aside for 48 hours. Water was 
added to dissolve the precipitate, the mixture evaporated, and the residue dissolved in aqueous sodium 
hydroxide. After filtration from a little unchanged ethoxy-compound, the alkaline solution was 
acidified with acetic acid. 9-Methylisoguanine, identical with the material obtained by method (a), 
was precipitated. 

(ii) The ethoxy-compound (0-1 g.) was dissolved in absolute ethanol (20 c.c.), ethyl chloroformate 
(5 c.c.) added, and the solution heated under reflux for 6 hours, a small quantity of a white precipitate 
separating. Solvent was removed under reduced pressure, and the residue dissolved in aqueous sodium 
hydroxide. After filtration from unchanged ethoxy-compound (50 mg.), 9-methylisoguanine was 
obtained from the filtrate by acidification with acetic acid. 

(c) From 2-benzyloxy-9-methyladenine. The benzyloxy-compound (0-15 g.) was hydrogenated in 
methanolic solution (75 c.c.) containing added hydrochloric acid (1 c.c. conc. + 20 c.c. of water) at room 
temperature and atmospheric pressure with as catalyst a mixture of palladous oxide and palladised 
charcoal. Hydrogen absorption ceased in 6 hours, and the filtered solution was then evaporated. 
Extraction of the residue with aqueous sodium hydroxide, followed by acidification of the alkaline 
solution with acetic acid, again yielded 9-methylisoguanine. 

isoGuanine.—A solution of 2-methylsulphonyladenine (80 mg.) in + a ars sodium hydroxide 
(5 c.c. of 10%) was heated under reflux for 3 hours, then cooled, and acidified with acetic acid. The 
precipitated zsoguanine was converted into its sulphate, which crystallised from N-sulphuric acid in 
colourless plates which decomposed above 260° (Found, in material dried at 110°/1 mm.: N, 32-2. Calc. 
for CyH,,0,N,S,2H,O: N, 32-1%). Ultra-violet absorption spectrum in n/20-hydrochloric acid: 
Max. 2,840 a. (e, 24,000); min. 2480 a. (2, 3,200). 

9-p-Glucopyranosido-2-methylthioadenine.—6-Amino-5-thioformamido-4 - D - glucosidamino - 2- methyl- 
thiopyrimidine (3-4 g.; m. p. 204—205°; prepared from 6 g. of 6-amino-4-p-glucosidamino-2-methyl- 
thiopyrimidine according to Holland, Lythgoe, and Todd, Joc. cit.) was suspended in dry ethanol 
(300 c.c.), sodium methoxide (0-51 g.) added, and the mixture boiled under reflux in a nitrogen 
atmosphere for 5 hours, during which time the thioformamido-compound slowly dissolved. The 
resulting solution was cooled to 0° for 2 hours, filtered from a small amount of brown amorphous material, 
and concentrated under reduced pressure to small bulk (ca. 30 c.c.). Set aside at 0° for a few hours, a 
light-brown crystalline precipitate of the purine glucoside separated (2-7 g.). It was exceedingly soluble 
in water but crystallised from ethanol or dioxan in aggregates of small colourless plates, m. p. 269—271° 
(decomp.) (Found: C, 41-8; H, 4-8; N, 20-0. Calc. for C,,H,,O;N,S: C, 41-9; H, 4-9; N, 20-4%). 
On periodate titration, the glucoside took up 2-8 mols. of oxidant per mol. and liberated 1 mol. of 
formic acid per mol. 

9-(Tetra-acetyl p-glucopyranosido)-2-methylthioadenine.—The above glucoside was acetylated with 
acetic anhydride in pyridine solution in the cold. The product was purified by dissolving it in benzene 
and passing the solution through a short column of neutral alumina. Recrystallised from benzene, 
the acetate formed yellowish plates, m. p. 141° (Found: C, 46-6; H, 4-6; N, 13-7. CyoH,,0,N;S 
requires C, 46-9; H, 4-9; N, 13-7%). Desulphurised in the usual manner with Raney nickel, the 
tetra-acetate gave a product which, on deacetylation with sodium methoxide, furnished 9-p-glucopyranos- 
idoadenine, m. p. 205—210°. The identity of the product was confirmed by conversion into the picrate 
which had m. p. 248—250° alone or mixed with an authentic specimen prepared by the method of 
Fischer and Helferich (loc. cit.). 

9-(Tetra-acetyl D-glucopyranosido)-2-methylsulphonyladenine.—9-(Tetra-acetyl p-glucopyranosido)-2- 
methylthioadenine (0-5 g.) was dissolved in acetic acid (5 c.c.), hydrogen peroxide (0-75 c.c. of 100 vol.) 
added, and the solution set aside at room temperature for 36 hours, during which time the initially 
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yellowish solution had become almost colourless. Solvent was removed under reduced pressure at 
room temperature, and the resinous residue triturated with water and again evaporated. The residue, 
then a fine powder, was recrystallised from water. The woes formed long colourless plates (0-3 g.), 
m. p. 150—151° (Found : C, 44-1; H, 4-4; N, 12-8. CyH,,0,,N,S requires C, 44-2; H, 4-6; N, 12-8%). 

9-p-Glucopyranosidoisoguanine.—The above sulphone (0-55 g.) was heated under reflux with aqueous 
sodium hydroxide (2 c.c. of 10%) for 20 minutes. The solution was cooled, acidified with acetic acid, 
and set aside overnight at 0°. The light-brown solid which separated was converted into a lead salt by 
treatment with lead acetate in the usual manner. Decomposition of the lead salt gave the glucoside 
which crystallised from water in colourless hydrated plates; it had no definite m. p. but decomposed 
at 265—270° (Found, in material dried at 120°/0-1 mm. for 10 hours: C, 41-8; H, 4:5; N, 22-1. 
C1,;H1s0.N5 requires C, 42-1; H, 4:8; N, 22-4%). It yielded a picrate crystallising from water in 
yellow plates, at 200—205° (decomp.) (Found, in material dried at 110°/0-1 mm.: C, 37-6; H, 3-5; 
N, 20-6. C,,H,;0,N;,C,H,;O,N, requires C, 37-6; H, 3-3; N, 20-6%). 

Hydrolysed by heating it on the steam-bath for 3 hours with n-sulphuric acid, the glucoside yielded 
isoguanine sulphate, whose identity was confirmed by comparison of ultra-violet absorption and X-ray 
powder photographs (Found: C, 27-6; H, 4-0. Calc. for CyH,,0O,N,S,2H,O: C, 27-5; H, 3-7%). 
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gratefully acknowledged. 
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524. An Interpretation of Some Elimination Reactions in Disub- 
stituted Dihydro-derivatives of Aromatic Compounds. 


By G. M. BapGceEr. 


The elimination of HX from disubstituted dihydro-derivatives of aromatic compounds 
(I and III) proceeds in such a direction that the remaining substituent is linked to the carbon 
atom which, in the parent compound, has the greater “ electronic charge.’”’ In the aromatic 
compound obtained, the substituent is conjugated with the ring system to a greater extent than 
in the alternative structure. It is suggested that it is this greater degree of conjugation and 
consequent shortening and strengthening of the C-X bond which governs the direction of 
elimination. 


ALTHOUGH aromatic compounds normally undergo substitution reactions, certain polycyclic 
aromatic compounds undergo addition reactions with very great facility, to give disubstituted 
dihydro-derivatives. These compounds are of two main types: first, that exemplified by 
the addition of halogens to phenanthrene and its derivatives (I), and secondly, that illustrated 
by similar additions to anthracene and its derivatives (III). The re-establishment of the 
aromatic structure, by elimination of either X,, or of HX, often takes place spontaneously, 
but this is not invariably the case, some eliminations requiring the application of heat or the 
use of catalysts. The factors determining which of these reactions (elimination of X, or of 
HX) take place to the greater extent are not clearly understood (Bergmann and Weizmann, 
J. Amer. Chem. Soc., 1938, 60, 1801). The present paper is concerned with the second reaction, 
and includes an interpretation of the direction of elimination of HX from unsymmetrical 
compounds of types (I) and (III). In such cases elimination can theoretically give rise to 


H. x 
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(IIb.) (IIT.) (IVa.) (IVb.) 


two alternative aromatic structures, namely (IIa or b) and (IVa or 6). Examples of this type 
of elimination have been known for many years, especially in the phenanthrene and anthracene 
series, and attention has recently been directed to this problem by the work of Cook and 
Schoental (J., 1948, 170) on the preparation and dehydration of some dihydro-diols of polycyclic 
compounds. In the great majority of cases, the elimination of HX has been shown to give 
only one of the theoretically possible aromatic structures. Evidence has now been accumulated 
that in all these examples the remaining substituent is linked to the carbon atom which, in the 
parent compound, has the greater “ electronic charge.’’ Expressed in quantum-mechanical 
terms, this is the carbon atom which has the greater index of free valence, and it is also the 
carbon atom normally attacked by electrophilic reagents. 
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Disubstituted dihydro-derivatives of aromatic compounds can exist in both cis- and trans. 
forms, but this circumstance appears to have no effect on the direction of elimination of HX 
and, indeed, appears to have no effect on whether (when this is possible) X, or HX is eliminated 
(Bergmann and Weizmann, Joc. cit.). The dihydro-diols of aromatic compounds prepared by 
the action of osmium tetroxide followed by hydrolysis are almost certainly of cis-configuration 
(Criegee et al., Annalen, 1936, 522, 75; 1942, 550, 99; Boeseken, Rec. Trav. chim., 1922, 41, 
199), and a few dihydro-diols in which the configuration is almost certainly trans, have been 
isolated following metabolic oxidation of the parent hydrocarbons in rats and rabbits. 

(+)-trans-1 : 2-Dihydroxy-1 : 2-dihydronaphthalene (V) has been obtained by metabolic 
oxidation of naphthalene in rabbits, and the (—)-form was obtained in similar experiments 
with rats. Both compounds are readily converted into 1-hydroxynaphthalene by elimination 
of H-OH under acidic conditions (Young, Canad. Chem., 1946, 30, 124; Biochem. J., 1947, 
41, 417; Booth and Boyland, Biochem. J., 1947, 41, Proc. xxix). As is well known, the 
1-position in naphthalene is more readily attacked by electrophilic reagents than is the 
2-position. The indices of free valence for the two positions, calculated both by the valence- 
bond method (Daudel and Daudel, J. Chem. Physics, 1948, 16, 639; Pullman, Ann. Chim,, 
1947, 2, 5), or by the molecular-orbital method (Coulson and Longuet-Higgins, Rev. Sci., Paris, 
1947, 85, 929), show much greater values for the 1- than for the 2-position (see Table I), and the 
elimination of H—OH from (V) therefore takes place in such a direction that the phenolic 
hydroxyl group remains linked to the position with the greater index of free valence. 

(+)-1 : 2-Dihydroxy-1 : 2-dihydroanthracene (VI) and the corresponding (—)-form have 
been obtained by metabolic oxidation of anthracene in rabbits and in rats, respectively. Both 
metabolites give rise to 1-hydroxyanthracene on dehydration (Boyland and Levi, Biochem. J., 
1935, 29, 2679). The meso-(9 : 10-)positions are the most reactive centres in anthracene, but 
there is no doubt that, of the 1- and the 2-position, the former has the greater electronic charge, 
This is reflected in the indices of free valence (Table I). 


1 : 2-Dihydroxy-1 : 2-dihydrochrysene (VII), prepared by the action of osmium tetroxide 
on the hydrocarbon and therefore almost certainly of cis-configuration, is known to give 
2-hydroxychrysene on dehydration (Cook and Schoental, Joc. cit.). Substitution of chrysene 
with electrophilic reagents also takes place at the 2-position (Newman and Cathcart, J. Org. 
Chem., 1940, 5, 618), and the 2-position has the greater index df free valence. 

Elimination of H-OH from 3: 4-dihydroxy-3 : 4-dihydro-1 : 2-benzanthracene (VIII), a 
dihydro-diol prepared from benzanthracene with osmium tetroxide, gives 3-hydroxy-1 : 2- 
benzanthracene (Cook and Schoental, loc. cit.). No chemical evidence is available to indicate 
which of the two positions has the greater electronic charge. The fluorescence spectrum of 
3-methyl-1 : 2-benzanthracene shows a much greater bathochromic shift than does that of its 
4-methy] isomer (Schoental and Scott, J., in the press), and, as is discussed below, this provides 
indirect evidence that the 3-position has a much greater electronic charge than the 4-position. 
Furthermore, the indices of free valence, by both methods of calculation, are slightly greater 
for the 3- than for the 4-position. 

It was thought of interest to study the direction of elimination of H-OH from the dihydro- 
diols prepared from 9-methyl-1 : 2-benzanthracene and 9: 10-dimethyl-1 : 2-benzanthracene 
by the action of osmium tetroxide. 3: 4-Dihydroxy-9 : 10-dimethyl-3 : 4-dihydro-1 : 2- 
benzanthracene (IX) was prepared by the method of Cook and Schoental (Joc. cit.), dehydrated 
by brief boiling with acetic acid containing a little hydrochloric acid, and the product methylated. 
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TaBLeE I, 
Indices of free valence for polycyclic compound. 


Index of free valence. 
Compound. Position. V.-B. method. M.-O. method.t 
0-1224 


— 
* 


Naphthalene 


Anthracene 


** 


9-Methyl-1 : 2-benzanthracene 


9: 10-Dimethyl-1 : 2-benzanthracene 
3: 4-Benzpyrene 


** 


1D » OOP COP CODD toe bo 


* Dehydration of the dihydro-diol proceeds in such a direction that the remaining phenolic 
hydroxyl group is linked to the position marked with an asterisk. 

+ The definitions used by the two methods are not identical. 

a, Pullman, Ann. Chim., 1947, 2, 5. 6, Coulson and Longuet-Higgins, Rev. Sci. Paris, 1947, 85, 
929. c, Berthier, Coulson, Greenwood, and Pullman, Compt. rend., 1948, 226, 1906. d, Dr. R. Daudel, 
private communication. e¢, Daudel, Daudel, and Vroelant, Compt. rend., 1948, 227, 1033. 


This product was shown to be 3-methoxy-9 : 10-dimethyl-1 : 2-benzanthracene as, on oxidation 
with sodium dichromate, it gave 3-methoxy-1 : 2-benzanthraquinone, identified by comparison 
with an authentic specimen. Similarly, 9-methyl-1 : 2-benzanthracene gave, with osmium 
tetroxide, 3 : 4-dihydroxy-9-methyl-3 : 4-dihydro-1 : 2-benzanthracene, converted by dehydration 
and methylation into 3-methoxy-9-methyl-1 : 2-benzanthracene, the orientation of which was 
confirmed by oxidation to 3-methoxy-1 : 2-benzanthraquinone. With both of these compounds 
the 3- has a greater index of free valence than the 4-position (Table I). It must be admitted, 
however, that on general grounds one would expect the 9-methyl group of 9-methyl-1 : 2- 
benzanthracene to activate the 4-position. Evidently the 3-position of 1 : 2-benzanthracene 
has a very much greater negative character than the 4-position. 

Several other dihydro-diols have been prepared and dehydrated to phenols, but in these 
cases the evidence at present available does not indicate which of the two positions has the 
greater charge. Cook and Schoental (loc. cit.) found that with the 6: 7-dihydro-diol of 
3:4-benzpyrene (X), dehydration gave a mixture of phenols, apparently 6- and 7-hydroxy- 
3:4-benzpyrene. The 6- and the 7-position of 3 : 4-benzpyrene are therefore approximately 
equivalent, in spite of the fact that this hydrocarbon is not symmetrical. The indices of free 
valence, determined by an approximate molecular-orbital method, are indeed of the same 
magnitude (Daudel, Daudel, and Vroelant, Compt. rend., 1948, 227, 1033), but this is probably 
a fortuitous circumstance. The 3- and the 4-position of 1: 2:5: 6-dibenzanthracene are 
likewise found to have the same index of free valence, but dehydration of the 3 : 4-dihydro-diol 
of this compound (Cook and Schoental, Joc. cit.) leads to only one phenol, the orientation of 
which has not been determined. 

The direction of elimination in 9 : 10-addition compounds of 1- or 2-substituted anthracenes 
might be expected to be governed by the electronic character of the substituent. The meso- 
positions of anthracene are so much more reactive than the positions in the benz rings that 
only the most powerful orientating groups (OH, NH,, etc.) can direct substituents into these 
rings rather than into the meso-positions. In the great majority of cases, addition to the 
meso-positions takes place to give a 9: 10-dihydro-derivative which then undergoes (either 
spontaneously or by suitable treatment) elimination of X, or of HX to give the aromatic 


structure. 
DIN O\ON/S 
y, 
ar ~ ¥° i) CY? (XIL) . 
W/WAF VLRAZ 


With 1-substituted anthracenes (XI), the 9-position (which is separated from R by three 
carbon atoms) resembles a meta-position in a benzene derivative, whilst the 10-position (which 
is separated from R by either four or six carbon atoms depending on the route) resembles a 
para-position. If R is deactivating or mefa-directing, substitution must give the 9-substituted 
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derivative, and a 9: 10-addition compound will be expected to decompose by elimination of 
HX to give the 9-substituted derivative. On the other hand, if R is an activating, or 
ortho-para-directing group, substitution, or addition followed by elimination, must give the 
10-substituted derivative. Similarly, with the 2-substituted anthracenes (XII), the 9-position 
(distant by four carbon atoms from R) takes on the character of a para-position, and the 
10-position resembles a meta-position (distant by five carbon atoms from the substituent) (cf, 
Pullman, Bull. Soc. chim., 1948, 15, 533). When R is ortho-para-directing, elimination of HX 
will be expected to give 9-substituted derivatives, and when R is meig-directing the weak 
orientating influence will tend to give 10-substituted derivatives. 

In many cases, the orientation of the derivatives obtained as above has not been rigidly 
established. When this has been done, however, the results are in agreement with the above 
generalisations. 1-Chloroanthracene and bromine give an addition compound, which is 
converted in boiling xylene into 1-chloro-10-bromoanthracene by elimination of hydrogen 
bromide (Cook, J., 1928, 2798). The +T effect of the 1-chloro-substituent is clearly the 
controlling factor. Similarly, in the Friedel-Crafts reaction it is known that 1-chloroanthracene 
reacts in the 10-position (Liebermann, Ber., 1912, 45, 1186; Cahn, Jones, and Simonsen, /,, 
1933, 444). Further, it is known that in the Friedel-Crafts reaction both 2-methyl- and 
2-chloro-anthracene react in the 9-position as expected (Butescu, Ber., 1913, 46, 212; Mayer, 
Fleckenstein, and Gunther, Ber., 1930, 63, 1464; Dansi and Sempronj, Gazzetta, 1936, 66, 182}. 
Where the orientation has not been established, it is possible to decide which of the alternative 
structures is the more probable. For example, the product obtained by elimination of 
hydrogen bromide from the 9: 10-dibromide of methylanthracene-l-carboxylate is almost 
certainly the 9- and not the 10-bromo-compound as was assumed by Coulson (/., 1930, 1931) 
after consideration of the theory advanced by Barnett and Wiltshire (Ber., 1929, 62, 3063) but 
later admitted by Barnett and Low (Ber., 1931, 64, 49) to be erroneous. 

Discussion.—It is well known that C-Cl, C-OH, C-CH;, and other linkages in aromatic 
compounds are significantly shorter than corresponding linkages in aliphatic compounds 
(Brockway and Palmer, J. Amer. Chem. Soc., 1937, 59, 2181; Robertson and Ubbelohde, 
Proc. Roy. Soc., 1938, 167, 122), and this shortening of the bond may be taken as a measure of 
the extent of conjugation of the substituent with the ring. By the valence-bond method this is 
usually interpreted in terms of resonance between the various possible ionic structures in which 
the substituent is linked to the ring with a double bond. Isomeric derivatives of di- and poly- 
cyclic systems do not always have the same number of structures showing such conjugation : 
with l-substituted naphthalenes, for example, there are seven such structures to be taken into 
consideration, and only six structures for 2-substituted derivatives. It is therefore to be 
expected that a substituent in the 1-position of naphthalene will be conjugated with the ring 
to a greater extent than the same substituent in the 2-position, and the experimental evidence 
supports this conclusion. Examination of the dipole moments of the halogenated naphthalenes 
has shown that the C-Cl bond in 1-chloronaphthalene has about 14°2% double-bond character, 
as against 130% for the isomeric 2-chloronaphthalene (Ketelaar and Oosterhout, Rec. Trav. 
chim., 1946, 65, 448). 

It has also been claimed that the magnitude of the shift in wave-length of the absorption 
bands (and fluorescence bands), which results by the introduction of a substituent at various 
positions in the molecule (bathochromic shift), is associated with the extent of conjugation of 
the substituent with the ring. The shift in wave-length of the absorption bands for 
l1-substituted naphthalenes is always greater than that for isomeric 2-substituted derivatives; 
and in the anthracene series a substituent in a meso-position produces a greater shift than the 
same substituent in position 1, and this in turn is greater than the bathochromic shift produced 
by the same substituent in the 2-position. These observations are particular examples of the 
generalisation derived by Pullman (Compt. rend., 1946, 222, 1396), that in any given molecule 
the extent of conjugation of a substituent with the ring is always greatest when this substituent 
is linked to the carbon atom having the greatest index of free valence. In the methylbenz- 
anthracenes, it has been shown that there is a good correlation between the magnitude of the 
bathochromic shift, the extent of conjugation, and the index of free valence at the carbon atom 
to which the substituent is linked (Pullman, Compt. rend., 1947, 224, 1354; see also Pullman, 
Bull. Soc. chim., 1948, 15, 533; Daudel and Martin, ibid., p. 559). Moreover, Kiss, Molnar, 
and Sandorfy (Compt. rend., 1948, 227, 724) have pointed out that the magnitude of the shift 
in the absorption bands produced by hydroxyl, methoxyl, and methyl] groups may be correlated 
with the degree of conjugation of these groups determined by other methods. It is also of 
interest that the shift in the absorption bands of chlorobenzene as compared with that 
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of benzene, as Price and Walsh (Proc. Roy. Soc., 1947, A, 191, 22) have pointed out, provides 
evidence that the conjugation of ring x electrons with the chlorine occurs even without the 
approach of another molecule. 

There seems to be no doubt, therefore, that disubstituted dihydro-derivatives of aromatic 
compounds decompose by elimination of HX in such a direction that the substituent remains 
linked to the carbon atom having the greater index of free valence, and that a substituent at 
this position is conjugated with the ring to a greater extent than at the alternative position of 
lower index of free valence. In the aromatic structure formed by the elimination the C-X bond 
is therefore shorter and stronger than in the other theoretically possible structure, and it is 
these factors which appear to govern the direction of elimination. 


EXPERIMENTAL. 


3 : 4-Dihydroxy-9-methyl-3 : 4-dihydro-1 : 2-benzanthracene.—9-Methyl-1 : 2-benzanthracene was pre- 
pared by the method of Cook, Robinson, and Goulden (J., 1937, 393). The hydrocarbon (1 g.) was 
added to a solution of osmium tetroxide (1 g.) in benzene (25 c.c.) and pyridine (1 c.c.) at room 
temperature. After 3 days, the complex was precipitated by addition of light petroleum. The solid 
was collected, washed with light petroleum, dried in air, and then hydrolysed by shaking it (3 hours) 
with 1% aqueous potassium hydroxide containing 10% of mannitol, in the presence of methylene 
chloride (cf. Cook and Schoental, loc. cit.). The organic layer was separated, washed, dried, and 
evaporated. 3: 4-Dihydroxy-9-methyl-3 : 4-dihydro-1 : 2-benzanthracene, obtained in almost theoretical 
yield, crystallised from benzene in small colourless needles which melted with decomposition at 130° 
(rapid heating) (Found: C, 82-7; H, 5-9. C,,H,,O, requires C, 82-6; H, 5-8%). 

3-Methoxy-9-methyl-1 : 2-benzanthracene.—A solution of the diol (0-1 g.) in acetic acid (3 c.c.) and 
2 drops of concentrated hydrochloric acid was boiled for 2 minutes, cooled, ard diluted with water. 
The crude phenol was immediately methylated with methyl. sulphate and sodium hydroxide at 100°. 
The product was collected, dissolved in light petroleum (b. p. 60—80°), and separated from some 
resinous material by passage through acolumn ofalumina. The resinous material was strongly adsorbed, 
and the elution of the desired product (with light petroleum) was followed by irradiation with ultra- 
violet light. 3-Methoxy-9-methyl-1 : 2-benzanthracene formed colourless clusters of plates, m. p. 124—125° 
from light petroleum (Found: C, 88-6; H, 5-7. C,.9H,,O requires C, 88-2; H, 59%). The above 
compound (0-1 g.) was oxidised by boiling with sodium dichromate (0-5 g.) in glacial acetic acid (5 c.c.) 
for 4 hour. After addition of water the 3-methoxy-l : 2-benzanthraquinone was collected and 
recrystallised from alcohol. It had m. p. 188—189°, not depressed by an authentic specimen of the 
same m. p., prepared by the method of Fieser and Dietz (J. Amer. Chem. Soc., 1929, §1, 3141). 

3-Methoxy-9 : 10-dimethyl-1 : 2-benzanthracene.—The dihydro-diol obtained by the action of osmium 
tetroxide on 9 : 10-dimethyl-1 : 2-benzanthracene was dehydrated, and the product methylated by the 
method of Cook and Schoental (Joc. cit.). The orientation of this methoxydimethylbenzanthracene 
(0-1 g.) was proved by its oxidation with sodium dichromate (0-5 g.) in boiling acetic acid. After 
purification by chromatography and recrystallisation from alcohol, the 3-methoxy-1 : 2-benzanthra- 
quinone was identified by m. p. and mixed m. p. 188—189°. 


This work has been carried out during the tenure of an I.C.I. Research Fellowship, and the author 
is also grateful to Mr. J. M. L. Cameron for the microanalyses. 
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525. Studies of the Rare-earth Tungstates. 
By R. C. VICKERY. 


When precipitated from solution, tungstates of the lighter group of lanthanons * (La, Ce, 
Pr, Nd, Sm) appear amorphous and show previously undescribed colour changes on ignition. 
These are attributed to partial reduction to tungstites of varying composition which are finally 
reoxidised to stable crystalline tungstates. These phenomena are studied, and it is concluded 
that the precipitated tungstates have the generic formula Ln,O,,3(H,WO,), being converted 
into the generally accepted Ln,(WO,), structure only on heating. 


EaRLy investigations of lanthanon tungstates are recorded by French-Smith (‘‘ Uber Didym 
und Lanthan,”’ Diss., G6ttingen, 1876), Frerichs and Smith (Ammnalen, 1878, 191, 331), Cossa and 
Zecchini (Gazzetta, 1879, 9, 118; 1880, 10, 1800), and Hitchcock (J. Amer. Chem. Soc., 1895, 17, 
520). Later studies on these tungstates appear to have been conducted upon fused melts of 
tungstic and lanthanon oxides, little or no work having been carried out on the precipitation 
of the tungstates from solution. A re-examination of lanthanum tungstate has indicated 
previously undescribed reduction phenomena which occur on heating the compound ; because of 
this, and the general advance of rare-earth chemistry since the first studies referred to above, 


* The designation “‘ lanthanons” proposed by Marsh (Quart. Reviews, 1947, 1, 126) is used here 
synonymously with ‘ rare earths.” ; 
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the examination was extended to cover the tungstates of all the lighter group of lanthanons 
(La, Ce, Pr, Nd, Sm). 

Rare-earth tungstates have the generic formula Ln,(WO,),;, established by the earlier workers 
from analyses of the ignited tungstates and confirmed by the later workers on thermal reactions, 
It will be shown, however, that this does not hold for the tungstates as precipitated. 

Didier (Compt. rend., 1886, 102, 823) claimed to have proved the existence of chlorotungstates 
when the lanthanons were precipitated from chloride solutions by sodium tungstate, but many 
analyses of these compounds have failed to confirm his findings, and there would appear no 
doubt that the presence of chloride was due to insufficient washing. 

The tungstates vary in colour according to the lanthanon present: white, pale buff, green, 
pink, and white for the La, Ce, Pr, Nd, and Sm compounds, respectively. Hitchcock (loc. cit.) 
stated that on the addition of sodium tungstate solution to one of lanthanum chloride in the 
presence of alcohol the rare-earth tungstate was obtained as a precipitate of delicate blue colour, 
The depth of the colour was stated to increase on ignition, but the author considers that the 
degree of blueness of the unignited precipitate is only that which is observed in starch sol or 
aluminium hydroxide gel; it is also considered that Hitchcock’s lanthanum salt was impure, as 
the presence in the compound of a few tenths per cent. of praseodymium and neodymium 
imparts a definite blue tint to the precipitate. 


EXPERIMENTAL, 


The lanthanon salts employed were all of at least 99-9% purity as shown by spectrographic analysis, 
and their oxides were believed to contain no metallic elements other than the lanthanons. The sodium 
tungstate was of ‘“ AnalaR” purity. The reagents were used as 10% aqueous solutions, the 
concentrations being based upon the anhydrous salts. 

The lanthanon tungstates were prepared from sodium tungstate and lanthanon chloride solutions, 
The chloride solution was preferred to the sulphate or nitrate, because concurrent formation of sodium 
sulphate could lead to the partial precipitation of the lanthanon as the double sulphate, and with a 
nitrate solution the possible presence of a slight excess of free nitric acid would decompose the sodium 
tungstate, precipitating tungstic acid. In chloride solutions, any precipitation of tungstic acid by 
chlorides or small quantities of free hydrochloric acid in the absence of an oxidising agent is very slow. 

Preliminary experiments were made to determine the effect on the product of variation in the mode 
of precipitation. The variations covered precipitation in the hot, in the cold, excess of either reagent, 
addition of the tungstate solution to the lanthanon, or vice versa. The precipitates obtained by these 
variations were washed many times by decantation, collected on sintered-glass crucibles under suction, and 
washed with small quantities of hot distilled water until the wash water was free from chloride and 
soluble tungstate. e precipitates were then dried over sulphuric acid, analysed, dried again at 105°, 
and again analysed. The results of this initial variation of precipitation conditions are shown in Table I, 
from which it is seen that under all conditions the ratio Ln,O, : WO, remained the same within analytical 
error. The water content of the precipitate appeared to vary from the equivalent of 16H,O when 
precipitated in the cold to 3H,O in the hot; water equivalent to varying degrees of hydration was 
retained after drying over sulphuric acid but was lost at 105°, at which temperature all samples maintained 
a constant water content equivalent to 3H,O. 


TABLE I, 


Analysis of ppt. after drying over H,SQ,. 
wo, : H,0: 
Mode of precipitation. : ‘ %. %. mols. 
(1) Rapid addn. of equiv. quantity Na,WO, to LnCl, 
at room temp. without agitation 
(2) As (1) but with agitation 


B 
re} 
a 


45-3 


2 
48-5 20- 


(5) As (2) but LnCl, added to Na,WO, 
(6) As (5) but at 80° 
(7) As (4) but Na,WO, added dropwise 
8) As (4) with 5% excess of Na,WO, 
9) As (4) with 5% excess of LnCl, 
(10) As (8) with Na,WO, added dropwise; system 
digested 1 hr. at 80° 
(11) As (10) with 2 hrs.’ digestion 
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After drying at 105° all samples contained : 





[1949] Vickery: Studies of the Rare-earth Tungstates. 2503 


In order to study the possible formation of hydrates, precipitation of lanthanum and neodymium 
tungstates was carried out at temperature intervals of 5° from 20° to 100°, the dehydration and vapour- 
pressure curves studied, and the product analysed. The dehydration values were obtained by direct 
weighing after the samples had been kept at various temperatures for 8 hours, and the vapour-pressure 
data were obtained by the dew-point method. 

Fic. 1. 


Average dehydration curve for lanthanon tungstates. 
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In the preparation of lanthanum and neodymium tungstates, precipitation was carried out by the 
dropwise addition of a 5% excess of the tungstate solution to that of the lanthanon under vigorous 
agitation at 80°, and the ee were digested at 80° for 2 hours before decantation, washing, 
filtration, etc., as above. itchcock used alcohol to ensure quantitative precipitation but this was not 
found to be necessary. The precipitates were dried over sulphuric acid for the dehydration studies. This 
mode of preparation of the lanthanon tungstates was employed for further work except that they were 
dried at 105°. 

Precipitation of the tungstates is usually immediate, but on occasion a slight delay was noted in the 
commencement of precipitation which might indicate a non-ionic reaction. 


Fic. 2. 
| Vapour-pressure curve for lanthanon tungstates at 35°. 
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From analysis and dehydration (Fig. 1) and vapour-pressure data (Fig. 2) it is seen that no evidence 
was found for any except trihydrates. From the slope of the (35°) vapour-pressure curve it is evident 
that one may regard water present above the trihydrate level as being consistent with zeolitic water or 
the interstitial hydrates reported by Wylie (J., 1947, 1687). This consideration is also in keeping with 
the hygroscopicity of the semi-ignited tungstates (see below). The water content of the tungstates 
decreased smoothly with increasing temperature until the trihydrate was reached, but on further 
dehydration an abrupt deflection was obtained at ca. 275°, equivalent to a sesquihydrate. Vapour- 
pressure studies could not be carried to this level, but repetition of the dehydration experiments exactly 
reproduced previous results. 

The solubilities of the tungstates in water vary slightly throughout the series (see Table II), increasing 
with atomic number but nevertheless remaining low. All the tungstates are soluble in phosphoric, citric, 
and tartaric acids, but insoluble in acetic acid. Mineral acids decom them with formation of the 
corresponding lanthanon salt and deposition of tungstic acid. Alkali hydroxides or carbonates decompose 
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the tungstates with formation of the corresponding lanthanon hydroxide or carbonate and alkali tungstate : 
the reaction velocities in this sequence appear to be in the order of Na* > Kt > NH,* and OH- > CO,--, 

On ignition of the tungstates a series of colour changes is observed at fairly definite temperatures 
the exact colours produced at any temperature depending upon the particular lanthanon (see below). 
The ignited tungstates have a reactivity in the same order as, but less than, that of the unignited 
compounds; aqueous solubilities are rather lower for the ignited than for the unignited tungstates 
(Table II). Complete decomposition of the ignited tungstates by alkali hydroxides or hydrochloric, 
nitric, or sulphuric acid is difficult, but a mixture of phosphoric and sulphuric acids (“‘ Spekker”’ acid) 
effects dissolution much more rapidly and retains the tungstic acid in solution, in agreement with the 
work of Rogers and Smith (J. Amer. Chem, Soc., 1904, 26, 1482), who found that the inclusion of a 
pentoxide in the molecule rendered soluble some complex tungstates. The densities of the ignited and 
unignited tungstates vary sequentially (Table III). 


TABLE II. 
Solubilities in water (g./100 ml.). 


Unignited Ignited Unignited Ignited 
tungstates. tungstates. tungstates. tungstates. 
100°. 20°. . 20°. 100°. 20°. 100°. 
0-0194 0-001 . . 0-027 0-003 0-003 
0-020 0-001 . “02% 0-032 0-003 0-004 
0-025 0-002 2 


TaBLeE III. 
Variation of colour and density with temperature. 


Ce. Pr. Nd. 

Colour. d. Colour. d Colour. d. Colour. d. 
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stone green 5-14 i ° white 41 
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Thermal Phenomena.—The colour changes mentioned above are given in Table III. At first, the 
samples (5—10 g.) were heated in open silica crucibles over a Bunsen flame, the crucibles and contents 
being occasionally shaken. For finer observation of temperature and colour changes, however, heating 
experiments were finally carried out with the tungstate charges in silica boats in an electric tube-furnace. 
The temperature of the furnace was determined by a thermocouple inserted through one hole of a stopper, 
a second hole carrying a delivery tube for attachment to a nitrogen cylinder. Temperatures, although 
not accurately standardised, are considered to be accurate to +10° in the high ranges. 

In the straight ignition runs samples of the charges were taken at 100° intervals by means of a small 
silica scoop fused to a long silica rod; these samples were placed in small open silica capsules and allowed 
to cool in a calcium chloride desiccator before examination for colour and in some cases density. Samples 
of charges ignited in nitrogen were withdrawn in the silica scoop from one end of the furnace tube whilst 
a flow of nitrogen was maintained from the other, and were similarly cooled and dried 

In all series of air-ignited tungstates degradation from the darkest colour to a lighter at high 
temperature was exothermic as shown by a sudden glowing of the charge, also, up to the temperature of 
darkest coloration, the tungstates exhibited ——s degrees of hygroscopicity, which was in all cases 
lost when the final pale colour was attained. The variation in density (determined pyknometrically 
against water) of the unignited and fully ignited compounds was found to be related to the colour, the 
darkest compounds having the highest density (Table III); also, the fully ignited tungstate was 
crystalline whereas the unignited salt was apparently amorphous. 

By heating the tungstates in an atmosphere of oxygen-free nitrogen (see above) it was possible to 
wr 4 them at the intermediate phases indicated by their darkest colours and to determine the properties 

f these stages. Maximum ignition in nitrogen yielded only the darkest products, but on replacement of 
the nitrogen by air or oxygen, the progression to the final pale colour was resumed. That these inter- 
mediate stages were indicative of reduction was shown, and the degree of reduction determined, by solution 
of the samples in 50% ‘“‘ Spekker’’ acid in the presence of potassium dichromate solution in an inert 
atmosphere and titration of the excess of dichromate with a ferrous salt. Although reduction effects were 
proved, no definite stages could be established (Table IV). 

Qualitative studies on the reactions of these reduced compounds showed that normal reactions, 1.¢., 
comparable to those of the unignited and fully ignited tungstates, were of rates apparently dependent 
upon reoxidation and temperature of ignition; in an atmosphere of nitrogen, decomposition by sulphuric 
acid was very slow; also, rates of solution in ‘‘ Spekker ’’ acid apparently varied not only with the degree 
of reduction but also with atomic number of the lanthanon, decreasing as this increased. 





[1949] Vickery : Studies of the Rare-earth Tungstates. 


TABLE IV. 
Actual and theoretical reduction. 


O,%, Reduction, O,%, Reduction, 
Tungstate. Temp. taken up. %. taken up. %. 
300° 8-25 . . 470 ° 
1-92 . i nil 
2-71 
nil i ° 14-7 
. 3-53 
7-83 . . 2-71 
1-53 - * nil 
nil i 
5-53 
nil 
Theoretical : O, %, taken up.- 
Ln,0;,3WO, 42-3 
42 
7 
1 
3 


9- 
4- 
3- 
2- 


3 
5 

Discussion and Conclusions.—Consideration of the sequence of colour changes and other 
relevant data suggests that partial reduction of the tungstate occurred on heating, leading to the 
changes of colour observed before the final reoxidation to the compounds Ln,(WQ,);. 

The retention of the equivalent of 3H,O in the molecule would appear to be initial evidence 
of an H,WO, component in the total tungstate molecule as precipitated, i.e., Ln,O,;,3H,WO,, 
the bonds between the two components being very loose and indicative of a lattice with many 
holes in it. Such a formation would be borne out by the behaviour of the tungstate on heating. 
Tungstic acid is known (Mellor, ‘‘ Comprehensive Treatise, etc.,’’ Vol. XI) to lose its water at 
ca. 300°, and in the presence of metallic oxides this temperature may be slightly lowered ; further, 
the tungstate molecule exhibits reduced oxides before final conversion into WO, ; in the presence 
of some metallic oxides this final oxidation does not occur, but that it does occur in this case is 
indicated by the final colour change and by analysis. One could postulate also the formation of 
a molecule containing lanthanon hydroxide instead of tungstic acid, i.e., Ln(OH);,(WO,);, which 
also would account for the retention of the equivalent of 3H,O, but in this case a higher 
temperature would be required for the conversion of the hydroxide into oxide before formation 
of the tungstate in the known way; further, this would not account for the colour changes 
observed or for the dehydration deflection at 275°, which is itself accounted for by. the presence 
of metallic oxides (Ln,O,) with the tungstic acid. The loose nature of the bonds would also be 
confirmed by the fact that tungstates known to be strongly bound do not undergo change of 
colour, etc., on ignition. 

The colour changes produced on heating are directly comparable with those observed by 
Glemser and Sauer (Z. anorg. Chem., 1943, 252, 144) during the ignition of tungstic acid. These 
workers found blue, olive, brown, etc., phases at various temperatures, and the colours produced 
on heating lanthanon tungstates are closely correlated with mixtures of these colours with those 
of parent lanthanons. 

The densities found for the ignited lanthanum and cerium tungstates agree reasonably well 
with data given by other workers, but data for the other lanthanons are lacking. The solubilities 
obtained differ slightly from those reported by Hitchcock for lanthanum, etc., but she did not 
state the temperature at which she ignited her specimens, and from the data given above it is 
evident that this is of great importance. 

It is considered, therefore, that the compound precipitated on addition of tungstate 
solution to one of a lanthanon chloride conforms to the generic,formula Ln,O,,3(H,WO,) and 
that this is converted on heating into Ln,(WO,), via intermediate tungstites. X-Ray data 
on the structural characteristics of the original, reduced, and finally oxidised tungstates should 
afford interesting information. 


can oo gel wishes to thank Dr. J. K. Marsh for his helpful criticism and suggestions at many stages 
0 work, 


1, SprutEs Roap, Brocxiey, Lonpon, S.E.4. [Received, April 20th, 1949.] 
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526. The Separation and Purification of Lanthanum. Part I. 
Hydroxide Precipitation. 
By R. C. VICKERY. 


The application is studied of the air-borne ammonia separation of lanthanum. It is found 
that this method provides for very good separation, and at high concentrations of ammonium 
ions the introduction of cadmium into the system is not necessary. 


It is known that lanthanum is the most basic of the rare-earth elements, and this characteristic 
is the basis of the most efficient procedures for its separation and purification from the other rare 
earths, although Bowles and Partridge (Ind. Eng. Chem. Anal., 1937, 9, 124) concluded that 
basicity methods were applicable only to the separation of quadrivalent cerium and lanthanum, 
Prandtl and his co-workers studied the “‘ basic ammonia” precipitation of the rare earths, 
showing that equilibria were set up of the form RCI, + 3NH,OH == R(OH), + 3NH,Cl, so 
that, in fractionating by this method, it is preferable to disturb the equilibrium by filtration at 
intervals. These workers also studied the influence on the equilibrium of bivalent ions which 
can bind part of the ammonia as complex ammine ions. With Rauchenberger, Prandtl (Z, 
anorg. Chem., 1922, 120, 120, etc.) stated the optimum conditions for this lanthanum separation: 
the solution of rare-earth and cadmium nitrates should attain a molecular ratio of 2: 3, the 
precipitation being effected at 100° in 3—4n-ammonium nitrate solution by the addition of 1% 
ammonia solution; fractionation is preferred, about 5% of the oxides being precipitated at each 
operation in order to reduce adsorption on the hydroxide precipitates toa minimum. By this 
means lanthanum in good yield and purity was recovered from the final filtrate. 

The major disadvantage of Prandtl’s procedure has been the inevitable excessive dilution of 
the rare-earth solution. In the application of the basic ammonia separation to the heavier, 
yttrium-group earths, Trombe (Compt. rend., 1942, 215, 439) bubbled air, first through ammonia 
solution and then through the rare-earth solution. Such a technique, apart from avoiding the 
dilution effect, enabled a closer control of the pH of the solution and yielded dense, easily 
filterable precipitates. This technique has more recently been employed also by Sugden (this 
vol., p. 135) for the purification of yttrium. 

In application to lanthanum purification, this air-borne ammonia process has yielded excellent 
results. The concentration of ammonia in the vapour introduced may be easily controlled by 
variation of the rate of air-flow, of the concentration of the ammonia solution, or, as is the 
author’s usual practice, by variation of the concentration of ammonia in the air-flow as shown 
below. A further advantage of this application of Trombe’s technique is that it is not necessary 
to introduce cadmium salts into the solution. 


EXPERIMENTAL. 


The apparatus employed was simple. 500 Ml. of ammonia solution (d 0-880) were diluted to 11. 
and contained in a double-necked Woulff bottle through the stoppers of which passed two tubes, an inlet 
reaching to the bottom of the solution and an outlet receiving the ammonia vapour just below the level 
ofthe stopper. These tubes were by-passed by a tube carrying a stopcock, and the inlet tube was guarded 
by a soda-lime tube to remove carbon dioxide from the incoming airstream. The outlet tube passed to 
a wide-necked flask of 14 1. capacity containing the rare-earth solution. A reflux condenser was also 
inserted through the stopper of the precipitation flask, a continuation of the inner tube of the condenser 
leading to suction. The ammonia delivery tube terminated in the reaction flask in a sintered-glass disc 
which ensured thorough dissemination of the ammonia vapour. The concentration of ammonia vapour 
reaching the rare-earth solution could be varied by adjustment of the stopcock which, when opened, 
allowed the incoming air to take the line of least resistance and pass straight through to the rare-earth 
solution without bubbling through the ammonia solution. The pressure attained by the vacuum pump 
was initially adjusted so that when the stopcock was fully opened air was just stopped passing through 
the ammonia solution. 

The rare-earth nitrate solution employed was derived from a mixture of oxides from monazite sources; 
most of the cerium had been reméved, and the mixture had been subjected to one double sodium sulphate 
separation for removal of the heavier rare earths; the mixed oxides showed on analysis by arc and ab- 
sorption spectroscopy and chemical means: CeQ,, 1-0; Nd,O;, 46-0; La,O,, 36-5; Pr,O,, 14-5; other 
rare earths, 2:0%. The neodymium content was slightly higher than the normally accepted average 
for monazite concentrates but no explanation was available for this apart from random variation. 

In each fractionation noted here, 100 g. of these mixed oxides were taken as nitrates, as starting 
material. 

In preliminary work no attempt was made critically to evaluate the influence of ammonia concentra- 
tion in the air-borne vapour, but it was found that the degree of separation of lanthanum and the ease 
of filtration of the hydroxides were greater with increasing dilution of the vapour—a similar finding was 
recorded by Sugden. The operative concentration of the ammonia vapour reaching the rare-earth 
solution was adjusted to ca. 20% of its concentration above the parent ammonia solution. Also, whereas 
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Taste I, 
** Basic ammonia” process (after Trombe). 


(Stepwise sequence.) 
Lanthanum purity, %, of fractions, and final weights. 
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with higher concentrations of ammonia vapour the delivery tube and sintered-glass disc occasionally 
became choked with precipitated hydroxide, yet at lower concentrations this was not experienced. 
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Stepwise and pyramidal fractionations were carried out, maintenance of the solution at constant 
volume being more or less attained by the reflux condenser. The optimum conditions stipulated by 
Prandtl and Rauchenberger being used, viz., 215 g. of cadmium nitrate to every 100 g. of Ln,O, in 15% 
nitrate solution 3n, to ammonium nitrate, precipitation being carried out at 100°, ammonia vapour at ca. 
20% concentration (see above) was passed into the solution at a rate just sufficient to keep it well 
agitated. Sugden employed an ammonia concentration of 10 g./l. but did not state whether this was 
the air-stream concentration or that of the parent solution, and he used a vapour-stream flow-rate of 2 
L/min. The flow-rate in the present experiments was not determined but was considered to approxi- 
mate to this. Stepwise fractionation was made by precipitating and filtering off 10% of the oxides at 
each step, the filtrate being regassed. The 10 fractions thus obtained were redissolved and regassed, 
the filtrate from each fraction passing on to the next step (see Table I). 

The pyramidal fractionation was carried out with each precipitation being carried to the disappearance 
of absorption spectra through 5-cm. of solution. It should be noted that in a 10% solution, such a 
condition normally represents La,O, purity of 98—99%, but it must be remembered that although a 
15% solution was fem initially, by the time the absorbing elements had been removed, the oxide con- 
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centration was down to ca. 5%, which results in a lower purity indication, i.e., 95—97% (see Figure). As 
the later fractions became predominantly lanthanum-containing, the purity indication became higher 
and more accurate as the concentration of La,O, in the filtrate approached 10—15%. The purities of 
the oxides finally recovered from the filtrates were determined by arc spectroscopy. 

A modification of this separational technique could, of course, have been to allow free evaporation 
of the solution which could have been adjusted to be nearly commensurate with the removal of rare 
earths from solution, thus yielding a more or less constant concentration of oxides in solution. This was 
attempted on occasion but, with progression, owing to accumulation of ammonium and cadmium salts 
in solution, the solutions became very viscous, which not only <a a high degree of suction to be 
applied but also tended to deposit mixed crystals of ammonium and cadmium nitrates. 

After the two above fractionations a further sequence was carried out, #.e., a stepwise application of 
Trombe’s method without the inclusion of cadmium nitrate in solution but with the ammonium-salt 
concentration increased to 4-5n., i.e., 360 g. of ammonium nitrate per 1., it having been reasoned that in 
previous runs increase in the content of this salt with progress of fractionation was the main variable and 
this must have an enhanced inhibitory effect on lanthanum precipitation. It was obvious, therefore, to 
attempt a reduction of the number of fractions by an increase in the concentrations of ammonium ions 
atthestart. This is, of course, in line with Prandtl’s findings. That this modification provided excellent 
results is shown in Table II, which also includes data on a similar run with the inclusion of cadmium 
nitrate in the correct concentration; it is readily seen that in the application of Trombe’s technique at 
high ammonium nitrate concentrations the presence of cadmium ions is not a necessity for the rapid 
separation of lanthanum. 


TaBLE II, 
Final filtrates. 
4-5N-NH,NO,. 4-5n-NH,NO, + Cd(NO,),. 
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Recovery: 35-2 g. = 965%. Recovery : 33-8 g. = 92°5%. 


It may be concluded therefore that Trombe’s modification of the ammonia separation is an advance 
on previous basicity techniques for the separation of lanthanum in so far as both ease of techniques and 
recovery are concerned. A notable point, which the author has found to apply also to other basicity 
techniques, is the increase in general efficiency at each end of a series, i.e., fairly rapid removal of lantha- 
num from the head and its speedy purification from fractions of 70—80% purity. This increase in effi- 
ciency is the converse of what has been found in normal crystallisation techniques where purification 
is quite rapid up to ca. 75% of La,O,. The author therefore employs initial concentration of lanthanum 
to ca. 75% by fractional crystallisation of the double ammonium nitrates, and removal of the head 
fractions by a gaseous basicity separation. Although the double magnesium or manganese salts are 
normally preferred for lanthanum crystallisation, the use of the ammonium salt avoids the intermediate 
purification necessary with these salts and requires only the addition of a little more ammonium nitrate 
to the solution to bring the ammonium-ion concentration to the required level. 


1 SpruLES RoapD, Brockiey, Lonpon, S.E.4. [Received, June 1st, 1949.] 





527. The Separation and Purification of Lanthanum. Part II. Nitrate 
Fusion: Solubility of Rare-earth Hydroxides in Fused Ammonium 


Nitrate. 
By R. C. VICKERY. 


Studies of the solubility of rare-earth hydroxides in fused ammonia nitrate show that 
solubility is in the same relationship as basicity, although yttrium appears to find a place 
higher in the series than hitherto recorded. By applying ammonium nitrate fusion to the 
separation of hydroxide mixtures it is found that a very good and fairly clean separation is 
obtained of lanthanum from its congeners. The influence of cerium in the fusion is studied, 
and its separational effect confirmed. Ammonium nitrate fusion also appears to be a method 
for the removal of erbium from yttrium. 


Fusion of rare-earth nitrates, alone or with sodium and potassium nitrates, has long been @ 
classic method for their separation. Marsh (jJ., 1946, 17 et seg.) has added to our knowledge 
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of the mechanisms involved, and correlated the separational effect with the crystal structure 
of the rare-earth oxides. In rare-earth nitrate melts with sodium and potassium nitrates at 
300—500°, Marsh by the addition of cerous nitrate obtained good separation of lanthanum 
and praseodymium, and eventually obtained a certain concentration of praseodymium. 

The inhibitory effect of ammonium nitrate on precipitation of lanthanum hydroxide was 
studied by Prandtl (Ber., 1920, 58, 843; Z. anorg. Chem., 1922, 120, 120, etc.), and the solubility 
of rare-earth hydroxides in aqueous solutions of ammonium salts has long been recognised 
(Berzelius, Pogg. Ann., 1839, 46, 648; 47, 207); and there have been several applications of 
this effect to separational techniques (see Moeller and Kremers, Chem. Reviews, 1945, 37, 140). 
It is known (see also preceding paper) that an increase in ammonium nitrate concentration in 
solutions more effectively enables separation of lanthanum during hydroxide separation, and it 
appeared likely that this inhibitory, or solution, effect would be more pronounced in melts of 
ammonium nitrate and rare-earth hydroxides. With ammonium nitrate melting at 120— 
140°, it is doubtful whether the crystal transition effects considered by Marsh could largely 
be brought into play; nor does the formation of basic nitrates appear to occur (see below, 
however) and any separation must therefore be dependent almost solely upon basicity charac- 
teristics. 

According to Bronsted’s definition (Proc. Nat. Acad. Sci., 1934, 20, 221) “‘ onium ”’ salts in 
the fused state should be considered as acids, and it is known that in liquid ammonia ammonium 
salts behave as acids (Franklin, J. Amer. Chem. Soc., 1913, 35, 1459; Franklin and Krause, 
Amer. Chem. J., 1900, 28, 205; J. Amer. Chem. Soc., 1905, 27, 822). The most probable theory 
for the dissolution in fused ammonium nitrate of rare-earth hydroxides would therefore appear 
to be based upon its acid properties. This is further indicated by the evolution of ammonia 
which occurs during the fusion reaction; no nitrogen oxide fumes are produced, so extensive 
formation of basic salts is improbable. 

As pointed out by Marsh, cerium and “didymium”’ oxides form solid solutions of cubic 
structure, whereas lanthanum oxide is hexagonal. At the temperatures here employed, decom- 
position of the hydroxides to oxides cannot be at all advanced, but there appears no reason 
to assume that the oxide structures do not hold for the hydroxide, particularly as Weiser and 
Milligan (J. Physical Chem., 1938, 42, 473) and Seitz (Z. Naturforsch., 1946, 1, 321) have 
indicated that the rare-earth hydroxides are hydrated oxides rather than pure hydroxides and 
that these trihydrates crystallise in the hexagonal system; it would appear therefore that the 
introduction of cerous hydroxide into the melt would effect a similar “‘ scavenging ”’ effect to 
that of cerous nitrate in Marsh’s nitrate fusion. That it did so is indicated below. 

Hopkins et al. (J. Amer. Chem. Soc., 1931, 58, 1805) dissolved lanthanum oxide in fused 
ammonium nitrate at 170°, and found that lanthanum and neodymium oxides dissolved quite 
readily but that the less basic elements dissolved only incompletely. They also found that 
the anhydrous neodymium nitrate finally obtained always contained ammonium nitrate and 
apparently formed a basic nitrate. In application to separation of the rare earths (below), 
although no direct evidence has been obtained for the formation of basic neodymium nitrates 
during the fusion, yet on prolongation of the fractionation the head, insoluble, fractions became 
gummy and thixotropic and on drying formed hard cakes—they were nevertheless quite soluble 
in water. Formation of this gummy mass of crystals persisted even when cerium was added 
to the melt of cerium-free hydroxides. With cerium originally present in the hydroxide it is 
immediately and completely eliminated from the lanthanum-containing fractions. 

No attempt was here made to achieve optimum conditions of working (i.e., temperature, 
ratio of hydroxide to nitrate, time of fusion, etc.), but solubility ratios for some rare-earth 
hydroxides were obtained. It is shown that the order of solubilities is similar to the basicity 
sequence although not in precise comparison. 

In his studies on basic ammonia precipitation, Prandtl (loc. cit.) introduced cadmium ions 
to aid separation. Although it was shown (preceding paper) that the presence of these ions 
is not necessary for efficient separation in presence of a sufficiently high concentration of 
ammonium ions, the inclusion of this element was examined and found not to influence separation. 
Cadmium is known to form basic compounds fairly readily, but, in the melts examined there 
appeared no evidence of such a decomposition—rather there occurred the formation of the 
‘crystal mass previously noted. 


. 
EXPERIMENTAL. 


speerite Solubilities —An approximate ratio of solubilities of individual rare-earth hydroxides 
was determined by mixing 5 g. of the appropriate hydroxide with 10 g. of ammonium nitrate, fusing 
at 130° for 10 minutes, cooling, digesting the melt with a minimum of water, and removing the soluble 
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— by filtration ; the hydroxide remaining undissolved was ignited to oxide and weighed. The aqueous 
trate was acidified and precipitated with oxalic acid, and the oxalate filtered off, ignited, ang 
weighed. Complete summation was not obtained owing to the solubility of the oxalates in the ammonium 
salt solution—in fact, from the data obtained it was possible to obtain not only figures for the solubility 
of hydroxides in fused ammonium nitrate, but also for the solubilities of oxalate in ammonium nitrate 
solution (see table). 


Solubility of rare-earth hydroxides in ammonium nitrate. 
[5 G. of R(OH)s fused in 10 g. of NH,NO, at 130°.] 


G. of oxalate [as G. of oxalate [as 
ROH),¢: pongom ROH),¢.: ‘Naw, iat 
insol. sol. i insol. sol. (see text). 
2-39 , 3-58 1-42 0-25 
1-65 ‘ . 1-62 0-55 
1-58 . , 0-50 0-09 


Thé hydroxides employed for this part of this study were all of ca. 99-5% purity, except for the 
yttrium compound (kindly supplied by Dr. J. K. Marsh) which initially contained ca. 2% of erbia. It 
was found, however, on initial fusion of this hydroxide with ammonium nitrate that fractional removal 
of the erbium was obtained (see below) ; a final yttrium hydroxide was obtained which, from the absence 
of erbium absorption lines in the spectrum and from average atomic-weight determination, appeared 
to be also of ca. 99-5% purity. 

Separation of Lanthanum.—The oxide mixture employed was from monazite sources (see preceding 
ean for analysis) and contained 36-5% of La,O,; after conversion into the hydroxides and drying, 

ractionation was carried out employing a hydroxide : NH,NO, ratio of 1 : 7 and a temperature of 130° 

for 5 minutes. A silica vessel was used for the fusion and the mix was stirred with a thermometer. 
By pre-mixing the hydroxides and nitrate a lower m. p. was obtained than by first fusing the nitrate 
and then adding the hydroxide. 

Pyramidal fractionation was carried out and, as indicated above, as it progressed, the hydroxides 
of the head fraction became gummy and hard and required grinding before re-fusion. For comparison 
with Marsh’s results on potassium nitrate fusion, a ceroso-ceric hydroxide was prepared and kept under 
alcohol until required, whereupon, after rapid drying, it was added to the fusion in small portions. 
The “ scavenging ’’ effect of this addition, demonstrated in the attached scheme, must be attributed to 
its oxidation and hence rapid passage through the fractions to the head. In one fusion of 30 g. ofa 
lanthanum hydroxide containing 15% of cerium, 25 g. of La(OH), were recovered completely free from 
cerium which was found quantitatively in the head fraction; in this instance the influence of cerium is 
dubious owing to its preliminary oxidation to the ceric state by drying. These experiments confirmed 
the separational effect of cerium noted by Marsh. 

As indicated above, the solubility of the tail fractions in ammonium nitrate solution of the oxalates 
prevented complete recovery of these fractions at each step. The filtrates from the oxalate precipitations 
were, however, retained and evaporated nearly to dryness with a little sodium hydroxide; the hydroxides 
thus obtained showed in all cases an apparently slightly enhanced purity when compared with their 
parent fractions. A secondary fractionation is therefore apparent. 

After the introduction of cerium into the fusions, a further fractionation was carried out in which 
cadmium nitrate was added to each fusion. As the data in the scheme show, no enhanced separation 
was obtained. 


Fractionation of mixed oxides by ammonium nitrate. 
(Figures in parentheses are oxide weights, ing. Other figures are La,O, purity, %. D = discarded 
as free from lanthanum.) 


(a) Normal fusion. (b) Ce™! added. (c) Cd** added. 


/ 90 
. 3- 10 Nok 
(3-0) (2-0) (2-5) (3-0) (1-1) (2-5) (2-0) (2-0) 
Determination of the composition of internal fractions was made, first, by visual spectroscopic 
examination through 5-cm. layers of 10% solutions and comparison with standard solutions of neodym- 
ium and praseodymium in the presence of lanthanum, and venom by the absorptiometric methods 


employed by Marsh (Joc. cit.). Such results could only be consid to approximate to +5% racy 
but were sufficient for following the progress of the separation. Outside I were 
checked by arc spectrography. 

Purification of Yttrium.—20 G. of yttrium hydroxide containing ca. 2% of erbia (see above) were 
fractionated by ammonium nitrate fusion, a total of 15 operations being carried out. It was not possible 
to obtain quantitative spectrographic data, but the series was followed by visual observations of the 
erbium absorption band at 5250 a. Average atomic-weight determinations of the final six fractions gave 


lanthanum fractions 
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95-8, 93-2, 90-3, 89-5, 89-3, 89-3, successively ; these figures can, however, be considered to give indications 
of purity only slightly better than those obtained by visual observation of absorption bands, but as in 
the final two fractions no lines were observed through 5 cm. of 10% nitrate solution and in the fourth 
fraction only very faint diffuse lines could be seen, a good separation was considered to have been 
achieved with recoveries of 4-9, 5-0, 4-6, 3-8, 1-0, and 0-5 g., respectively. 


1 SprRULES Roap, Brockiey, Lonpon, S.E.4. [Received, June 1st, 1949.] 





528. Quantitative Analysis of Mixtures of Sugars by the Method of 
Partition Chromatography. Part IV. The Separation of the Sugars 
and their Methylated Derivatives on Columns of Powdered Cellulose. 


By L. Houaeu, J. K. N. Jones, and W. H. WapMan. 


Separation of mixtures of simple sugars and of their methyl] ethers, on the semi-micro scale, 
has been achieved by partition chromatography on columns of powdered cellulose (cf. Hough, 
Jones, and Wadman, Nature, 1948, 162, 448). Application of this procedure to the separation 
of synthetic mixtures of the simple sugars and their methylated derivatives has given pure 
specimens of the components, which, under favourable conditions, were recovered quantitatively. 


Tue plant gums and mucilages, the polysaccharides present in animal tissues and those synthesised 
by bacteria and fungi, are characterised by their molecular complexity. They are, in the main, 
composed of a variety of monosaccharide units linked together in the most intricate fashions. 
The separation, identification, and estimation of the sugars resulting from the hydrolysis of any 
one of these complicated polysaccharides is obviously a matter of importance. Until recently, 
the analysis of a mixture of sugars was a task of great difficulty, depending largely on precipit- 
ation by a specific reagent (cf. Hirst, Jones, and Woods, J., 1947, 1048). The development of 
improved methods for the analysis of a sugar mixture was therefore necessary in order to establish 
with certainty the constitution of the complex polysaccharides. The recent application of 
partition chromatography on sheets or strips of filter paper to the analysis of mixtures of sugars 
has not only facilitated the identification of components (Partridge, Nature, 1946, 158, 270; 
Biochem. J., 1948, 42, 238), but has also enabled their quantitiative micro-determination to be 
performed (Flood, Hirst, and Jones, Nature, 1947, 160, 86; J., 1948, 1679; Hawthorne, Nature, 
1947, 160, 714; Fisher, Parsons, and Morrison, ibid., 1948, 161, 764; Hough, Hirst, and Jones, 
this vol., p. 928). By this procedure, however, it is not possible to distinguish either between 
p- and L-stereoisomers of the sugars, or between sugars such as fructose, sorbose, and tagatose, 
which show similar properties on the paper chromatogram. The final proof of their identity, 
therefore, still depends on their separation and on their identification by means of physical 
properties in particular, their optical rotations. 

The application of chromatography to the carbohydrate field was first described by Reich 
(Compt. vend., 1939, 208, 748) who observed that a mixture of the -phenylazobenzoates 
of glucose and fructose yielded two coloured bands when developed on a column of alumina or 
silica gel. Since this publication, the method of adsorption analysis has been extended by many 
other workers to the separation of simple mixtures of sugars and their derivatives (cf. Binkley 
and Wolfrom, Sci. Rep., No. 10, Sugar Research Foundation, Inc., New York, 1948). For 
example, McNeely, Binkley, and Wolfrom described methods for the separation of sugars and 
their acetyl derivatives on columns of commercial clays, such as “ Celite,” ‘‘ Magnesol,”’ etc. 
(J. Amer. Chem. Soc., 1945, 67, 527). 

The separation of amino-acids and their acetyl derivatives by partition chromatography 
on columns of silica gel or potato starch (Martin and Synge, Biochem. J., 1941, 35, 1358; 
Elsden and Synge, ibid., 1944, 38, ix) suggested the application of similar principles to the 
separation of intimate mixtures of reducing sugars. Columns of cellulose are used in preference 
to columns of starch, silica gel, or commercial clays, since they are relatively simple to prepare 
and give highly reproducible results. Furthermore, the mobile phase percolates down the 
column, without the use of pressure or suction, at a relatively faster rate, and hence a more 
rapid separation is achieved. The cellulose is tightly packed in the form of a powder, which 
is readily obtained from Whatman ashless filter tablets. The uniformity of packing and the 
performance of the cellulose column may be observed by separating a suitable mixture of 
dyes on the column. 

In general, the methods used hitherto for the chromatographic separation of sugars 
suffer from some inherent disadvantage, such as the need to form coloured derivatives of 
the sugars, the necessity of extruding and examining the column, or continually testing the 





2512 Hough, Jones, and Wadman : 


eluate in order to decide when to change the receiver. The most serious disadvantage of 

however, is the inability to decide whether a zone of sugar consists of a single entity or of 

’ closely placed bands of sugar. These difficulties have been overcome by the construction of 
automatic apparatus, which changes the receptacle for the eluate at regular and frequeg 
intervals. A similar receiver changer has been designed by Moore and Stein (J. Biol. Che 
1948, 176, 337), the control mechanism of which is, however, different from and more complicated 
than that described in this paper. Fractionation of the eluate in this manner gives a lg 
number of small portions. A subsequent qualitative examination of each portion by the 
method of partition chromatography on sheets of filter paper gives a picture of the distributig 
of each component amongst the receivers. From such chromatograms, it is thus possible tg 
decide which portions of the eluate to combine in order to obtain the highest yield of each in.’ 
dividual sugar. When the components of the mixture possess widely differing Rf values, it ig: 
possible to obtain recoveries of the order of 96% of pure material. Should the components hayg 
similar Rf values, however, with a consequent overlapping of the sugar zones, it is then expedieng 
to divide the contents of the receivers in such a manner as to obtain pure samples of sugar ig 
order to facilitate their identification, although the yield will not be quantitative. This is notg 
serious disadvantage since, after identification, the composition of the mixture of sugars may be: 
determined quantitatively on the micro-scale by the use of sheet-filter-paper partition chrom: 
tography. 

Using this method and employing u-butanol, saturated with water, as the mobile phase 
we have separated, in the pure state and with individual recoveries of 95—100%, a two-component 
mixture composed of L-rhamnose and L-arabinose and a four-component mixture composed 
L-rhamnose, D-ribose, L-arabinose, and p-galactose. The isolation of pure crystalline specimeng 
of L-rhamnose, D-tagatose, and D-galactose from the hydrolysis products derived from Sten 
setigeva gum serves to illustrate the utility of the method in the investigation of a comp 
polysaccharide (Hough, Hirst, and Jones, Nature, 1949, 163, 177). 4 

The columns may be used repeatedly if they are washed with the requisite solvent after each 
experiment, in order to remove any soluble impurities, and provided that they are never allo 
torundry. The amount of any particular sugar that can be separated on the column is approxi 
mately proportional to the Rf value, and the time taken for it to emerge is inversely proportion 
to the Rf value. Most of the experiments with the simple sugars were carried out using” 
n-butanol, saturated with water, as the mobile phase, since this system gave the high degree of 
resolution which is necessary for the analysis of a complex mixture. The separation of a sugar 

'such.as galactose or glucose which possesses a low Rf value in butanol, saturated with water,’ 
necessitates the collection and evaporation of a large volume of eluate. Furthermore, the detec# 
tion of the sugar may be difficult unless the eluate is concentrated. “In order to overcome this 
difficulty, solvents such as isopropyl alcohol—water, acetone—water, and ethanol, in which 
sugars have a higher solubility, have been investigated. The results show that these solvents) 
are of greater utility than the butanol—water solvent for the separation of a simple mixture of 
sugars of low Rf value, since they pass down the column at a greater rate than butanol—water, - 
the concentration of sugar in the eluate is higher, and they may be evaporated at lo 
\temperatures, thus enabling the separation to be performed more rapidly. ; 

The structure of the polysaccharides has, to a large extent, been investigated by the proce 
of exhaustive methylation, followed by an examination of the methylated sugars produced om 
hydrolysis of the fully methylated polysaccharide. The separation and quantitative determin-| 
ation of these methylated sugar derivatives by fractional distillation in a high vacuum is attended” 
by many experimental difficulties. Recourse has therefore been had to the chromatographi¢ 
technique (cf. Jones, Ann. Repts., 1946, 43, 178); Bell (J., 1944, 473) has achieved the absolute” 
separation of the tetra-, tri-, and di-methyl glucose fractions obtained from methylated glycogen” 
or methylated starch by countercurrent partition between chloroform—butanol, the mobile” 
phase, and water held by a column of silica gel. Complex mixtures of methylated sugars may be 
separated and determined quantitatively on the micro-scale by use of partition chromatography 
on sheets or strips of filter paper (Hirst, Hough, and Jones, Joc. cit.). 

The separation of the methylated sugars on columns of cellulose, by use of »-butanol, 
saturated with water, was in the main unsatisfactory. Good separations were, however, obtained” 
by using a solvent composed of light petroleum (b. p. 100—120°) (60% v/v) and n-butanol’ 
(40% v/v). In contrast with the butanol—water solvent, a wide spatial separation of the methyl- 7 
ated sugars is obtained, thus facilitating their separation on the column. This solvent is very” 
suitable for the separation of tetramethy] hexoses and trimethyl pentoses from partly methylated " 
sugars, 
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A mixture of 2:3: 4: 6-tetra- and 2: 4: 6-tri-methyl D-glucose, 2: 4-dimethyl pD-xylose, 
and 2 :'4-dimethyl p-galactose has been separated on a column of cellulose by countercurrent 

ition using the petroleum—butanol mixture as the mobile phase. The eluate was fractionated 
into small portions by the automatic receiver changer, and the degree of separation observed 
by examining a small quantity of each portion of the eluate on sheet-filter-paper chromatograms. 
The tetramethyl glucose and dimethyl galactose were completely separated, but the zones of 
trimethyl glucose and dimethyl xylose overlapped slightly so that their quantitative recovery 
was not possible. Nevertheless, by careful selection of the portions of eluate, pure crystalline 
specimens of each of these sugars were obtained on removal of the solvent. 


EXPERIMENTAL, 


[All Rg values were determined using the upper phase of a mixture of n-butanol (40 parts), water 
50 parts), and ethanol (10 parts), unless otherwise stated; Brown, Hough, Hirst, Jones, and Wadman, 
‘ature, 1948, 161, 720.) 

The Automatic Receiver Changer.—The apparatus is illustrated in Fig. 1, which shows the control 
unit on the left, and the table with the columns above it on the right. The large aluminium disc on the 
table has four concentric rows of holes around its periphery, each hole acting as a support for the flanged 
test-tubes (10-ml.). The test-tubes act as receivers for the eluate. The disc is rigidly attached to, and 


Fic. 2. 
Automatic receiver changer (circuit of control unit). 
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supported by, a central shaft, which is turned through a small angle at regular intervals, so that each 
consecutive empty tube is brought into position beneath the column at the necessary time. The control 
shaft is turned by an electrical mechanism (externally controlled), mounted underneath the disc. The 
whole assemblage is mounted on a cruciform base plate, each arm of which extends a little beyond the 
edge of the disc and carries on this extension, a short vertical rod, which serves as a rigid support for the 
columns. The table is therefore capable of collecting and fractionating the eluate from four columns 
simultaneously. Three or more tables may be controlled concurrently by the control unit and at the 
Same time, each table may be rotated at different intervals of time by selection of the appropriate switch 
on the control unit. In this way, subsequent test-tubes are brought underneath each column at 
ned time intervals, which may be of 5-, 10,- 15-, 20-, 30-, 40-, or 60-minutes duration. The 

ime intervals chosen will depend upon the rate of passage of solvent through the column. 

The control unit (Fig. 2) consists of a synchronous electric clock (A), the hour shaft of which is fitted 
with a 12-stepped cam that shuts the associated contacts at 5-minute intervals. This causes the relay 
(B) to shut momentarily and accomplishes two subsequent actions. First, it delivers a current pulse to 
the switch mechanism of the eight-row uniselector (Post Office type) (D), and from here the pulse passes 
to the switches (E) along one or morelines. The 8 rows of the uniselector are wired in such a manner that 

e first row connects in every position with the switches (E), the second row connects with the switches 
(E) in alternate positions only, and succeeding rows in every 3rd, 4th, 6th, 8th, and 12th position, 
Tespectively. Hence, by connection to the appropriate row of the uniselector by means of switches 
, it is possible to obtain pulses at either 5-, 10-, 15-, 20-, 30-, 40-, or 60-minutes interval. The pulse 
passes from the switch to the corresponding plug socket (F) and thence to the table (Fig. 3). The 
second action of the relay (B) istoclose relay (C). The action of the latter is delayed by means of a heavy 
copper band around the core; this leads to an appreciable time lag between the shutting of relay (B) 
and relay (C). When relay (C) is closed, the selector is moved round one position. If the current pulse 
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to the tables is unfinished by the time the selector moves, it is shorted to earth by a switch incorporated 
in the selector and thus the movement of any table connected to the next selector position is prevented, 
The power supply for the control unit is derived from A.C. mains; the relays and the selector switch 
utilise D.C. at 290 v., which is obtained by incorporating a metal rectifier in the circuit. The plug socket 
(F) on the control unit is connected to the tables by a three-core cable. Two of these cores carry A.C 
230 v., whilst the third carries the operating pulse from the control unit. The pulse closes the relay (6), 
which immediately discharges a heavy condenser through the magnet (H) (the condenser is rech: i 
from A.C. 230 v. supply by means of a metal rectifier). This magnet operates a pawl and ratchet mechan- 
ism (J) which moves the ratchet one tooth for each pulse received. The number of teeth on the ratchet 
is equal to the number of holes in a row around the periphery of the tables, namely 104. 
veparation of the Columns.—A column of powdered cellulose contained in a glass tube (20 inches 
long and 14 inches in diameter) drawn out at one extremity is used. A perforated porcelain disc rests 
upon this constriction. A thin even layer of cotton wool is placed on this disc and above it the cellulose 
is packed in the form of a fine powder, obtained by rubbing Whatman ashless filter tablets through a 
80-mesh sieve. When the column is being packed, great care must be taken to ensure that the packi 
is uniform, otherwise a subsequent distortion of the zones of sugar will result. The cellulose powder is 
introduced into the tube in portions sufficient to fill only 1 inch of its length. After each addition, the 
cellulose powder is packed by tapping the base of the glass tube gently and repeatedly on a piece of wood, 
It is then further compressed with a ram-rod, the plunger of which has the same diameter as the column, 
The column is tightly packed in this manner until the cellulose packing is about 4 inches from the top 
of the containing tube. The surface of the cellulose must be flat and horizontal, in order to avoid dis- 
tortion of the zones of sugar, and it is covered by a porcelain filter-disc to prevent the surface from being 
disturbed. Before use, the column is washed with the solvent which is supplied from a constant-head 


Fic. 3. 
Circuit of a table. 
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reservoir until all the soluble impurities have been removed. Once the column has been washed, it should 
always remain in contact with the solvent, since the cellulose recedes from the walls of the tube when the 
solvent 1s allowed to evaporate. If the column is not required for immediate use, the outlet should 
be stoppered and the reservoir left in position. 

Testing the Efficiency of the Column.—The performance of the column may be observed visually by 
placing a suitable mixture of the following dyes on the column and noting the appearance and the 
separation of the coloured materials as they advance down the column. It has been found that various 
dyes move at different rates on sheet-filter-paper chromatograms. The Rg values of a number of the 
more suitable of these coloured materials have been determined on sheet-paper chromatograms, using the 
top layer of a mixture of n-butanol (40%), ethanol (10%), water (50%) as the mobile phase. 
Rg values determined were as follows: auramine 1-00, dimethyl-yellow 0-95, bromothymol-blue 0-83, 
brilliant-cresyl-green 0-73, metanil-yellow 0-48, cresol-red 0-41, methyl-red 0-38, bromocresol-green 0-30, 
bromophenol-blue 0-26, and methyl-orange 0-23. If the coloured materials travel through the column 
in the form of regular horizontal bands, the column is regarded as satisfactory for use, the uniformity 
of packing being thus indicated. These dye can also be used as markers, since a dye that moves 
slightly faster than the fastest-moving component of the sugar mixture, can be incorporated in 
the mixture to be resolved, and it is then only necessary to examine the eluate after the coloured material 
has emerged from the column. 

Procedure for the Separation of Simple Sugars.—The mixture of sugars is dissolved in the minimum 
quantity of water, to give a thin syrup which was introduced on the column with the aid of a small 
pipette and allowed to soak into the cellulose. A little cellulose powder is then placed on the top of the 
column and above it the porcelain filter-disc. The constant-head reservoir is then replaced and the 
solvent allowed to percolate down the column. The eluate is fractionated into approx. 5-ml. portions 
by the automatic device which changes the receiver after the appropriate intervals of time. 

Small spots of eluate from each receiver are placed in chronological order along the starting line ofa 
sheet-filter-paper chromatograrh and separated in the usual manner. In some cases, such as when the 
sugar is weakly reducing or when the concentration of sugar is small, it may be necessary to concentrate 
- small portions of the eluate in order to determine which tubes contain reducing sugar. After spraying 
the chromatogram with an ammoniacal solution of silver nitrate and heating, a picture of the distribution 
of the separated sugars amongst the receivers is obtained. Hence, it is possible to decide which portions 
of the eluate to select and combine, in order to obtain pure specimens of sugar. The solvent is then 
removed by distillation under reduced pressure at 40°, and the residue dissolved in a little water, filtered, 
and evaporated. 





[1949] Quantitative Analysts of Mixtures of Sugars, etc. Part IV. 2515 


After the experiment, the column may be washed with the requisite solvent and used again. If the 
column is not required for immediate use, the outlet should be stoppered. It is convenient to store the 
test-tubes in aluminium racks, each rack holding 100 tubes. 

Typical Separations of Known Mixtures of Simple Sugars.—(i) A mixture of t-rhamnose hydrate 
(300 mg.; Rg 0-30) and L-arabinose (200 mg.; Rg 0-13) was separated in the above manner, using 
n-butanol, saturated with water containing a little ammonia, as the mobile phase. The eluate from the 
column was fractionated into approx. 5-ml. portions by the automatic device which changed the receiver 
after 20-minute intervals. Examination of the contents of the receivers, by the sheet-filter-paper 
partition chromatography, indicated that the sugars had been = separated. Two solutions 
were thus obtained, each of which was filtered through a No. 4 sintered-glass filter and the solvent 
evaporated under reduced pressure, leaving (a) t-rhamnose (anhydrous) (260 mg.; 96% recovery) and 
(6) t-arabinose (193 mg.; 96% recovery). Each fraction crystallised on removal of the solvent and, 
after recrystallisation from methanol, pure specimens of t-rhamnose hydrate and L-arabinose were 
obtained. 

(ii) A mixture of p-galactose (125 mg. ; “oe. L-arabinose (389 mg.; Rg 0-13), p-ribose (192 mg. ; 
Rg 0-21), and t-rhamnose hydrate (505 mg.; Rg 0-30) was separated in the manner described previously. 
Examination of portions of the eluate on the paper chromatogram in the usual manner showed that the 
galactose and arabinose fractions were chromatographically pure, but the zones of rhamnose and ribose 
overlapped slightly so that their quantitiative recovery was not possible. The eluate was divided 
up in such a manner as to lead to the highest possible recovery of each individual sugar. Five fractions 
were therefore obtained, four of which contained a single sugar, and one a mixture of ribose and rhamnose. 
These gave (a) L-rhamnose (anhydrous) (430 mg.; 94-5% recovery), (b) L-rhamnose and p-ribose 
{50 mg.; [a]p + 12° (c, 0-5 in H,O)}, (c) D-ribose (180 mg.; 94% recovery), (d) L-arabinose (377 mg. ; 
97% recovery), and (e) D-galactose (138 mg.; 110% recovery). On evaporation, the fractions (a), 
(c), (@), and (e) crystallised; the stals were extracted with a little ether to remove traces of oily 
impurities and then recrystallised m methanol, to yield pure specimens of L-rhamnose hydrate, 
p-ribose, L-arabinose, and D-galactose, respectively. 

(iii) A mixture of p-galactose (50 mg.), L-arabinose (50 mg.), D-ribose (50 mg.), and L-rhamnose 
(50 mg.) was completely separated into its constituents by the above procedure and pure crystalline 
specimens of each sugar were isolated. 

(iv) A mixture of L-rhamnose hydrate (0-5 g.), L-arabinose (0-5 g.), and p-galactose (0-5 g.) was 

ted as described above, using an isopropyl alcohol-water mixture (9: 1 v mi as the mobile phase. 
The eluate was divided into approx. 8-ml. portions by c. ing the receiver every 10 minutes. Examin- 
ation of the contents of the receivers in the usual way indicated that a tion had been achieved. 
The rhamnose was found in the first fraction (140 ml.) of the eluate, the arabinose in the second fraction 
(170 ml.), and the galactose in the last fraction (280 ml.). Each of these fractions was concentrated, 
ielding a rhamnose fraction (0-54 g.), an arabinose fraction (0-53 g.), and a galactose fraction (0-41 g.). 
e thamnose fraction contained traces of arabinose and readily gave a crystalline imen of 
L-rhamnose hydrate (0-39 g.). The arabinose fraction contained a little galactose and yielded a pure 
crystalline specimen of L-arabinose (0-42 g.) on draining on a tile and recrystallisation from methanol. 
The galactose fraction contained no other sugars and gave a pure crystalline product on evaporation. 

(v) A mixture of sugars consisting of pD-galactose (0-5 g.), L-arabinose (0-5 g.), and L-rhamnose 
hydrate (0-5 g.) was separated as above, using an acetone—water mixture (95 : 5 v/v) as the mobile phase. 
In this way, pure crystalline L-rhamnose hydrate (0-3 g.) was obtained from the first fraction. The second 
fraction consisted of a mixture (0-47 g.) of rhamnose and arabinose; it was not further examined. 
The third fraction gave, on removal of the solvent, pure crystalline L-arabinose (0-27 g.). After all the 
arabinose had been eluted, the galactose was eluted with methanol. Concentration of the eluate gave 
pure crystalline p-galactose (0-49 g.). 

(vi) A mixture of L-arabinose (0-1 g.) and L-rhamnose hydrate (0-1 g.) was separated in the usual way, 
using aqueous ethanol (95%) as the mobile phase. Examination of the eluate as described above showed 
that complete separation of the rhamnose from the arabinose had been achieved. 

(vii) A mixture of t-rhamnose hydrate (1 g.), L-arabinose (1 g.), and p-galactose (1 g.) was examined 
in the usual manner, using methanol as the mobile phase. The eluate was collected in 8-ml. portions 
by changing the receiver every 5 minutes. The eluate was examined on the paper chromatogram and a 
slight separation observed, the first few receivers containing only rhamnose and the last few receivers 
pooner only galactose. The separation was so poor, however, that no attempt was made to isolate 

ine sugars. 

Separation of Mixtures of Methylated Superec—eeen has shown that usual partition solvents 
such as butanol—water are unsatisfactory for the separation of mixtures of the more fully methylated 
sugars. In some cases, the zones of sugar overlapped considerably and hence the isolation o — 
specimens of material was difficult. In particular, tetramethyl glucose could not be separated from 
trimethyl glucose. In order to overcome this difficulty, a solvent composed of light petroleum (b. p. 
100—120°) (60% v/v) and n-butanol (40% v/v) was employed, since a wide spatial arrangement of the 
methylated sugars was obtained on sheet-paper chromatograms when this solvent was used in place of the 
butanol-water solvent (see Table). 
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Separation of a Known Mixture of Methylated Sugars.—A mixture of 2 : 3 : 4: 6-tetramethy] D-glucose 
(53 mg.; Rg 1-00), 2: 4: 6-trimethyl D-glucose (353 mg.; Rg 0-76), 2: 4-dimethyl D-xylose (135 mg.; 


Rg 0-66), and 2 : 4-dimethyl p-galactose (140 mg.; Rg 0-40) was, separated by partition chromatography 
on a column of cellulose, using a solvent composed of light petroleum (b. p. 100—120°) (60% v/v) and 
n-butanol (40% v/v) as the mobile phase. The eluate was fractionated into 5-ml. portions by changing 
the receiver every 10 minutes. After examination on sheet-paper chromatograms in the usual manner, 
the eluate was divided in such a manner as to lead to the highest possible recovery of pure samples of 
each individual sugar. In all, five fractions were obtained, four of which contained a single sugar, 
After removal of the solvent from each fraction, the resultant syrups crystallised and, after weighing the 
yield of each fraction, they were recrystallised from ether—light petroleum to yield pure crystalline speci- 
mens of the methylated sugars: (a) ‘2: 3:4: 6-tetramethyl D-glucose (51 mg.), (b) 2: 4: 6-trimethy 
p-glucose (56 mg.), (c) 2: 4: 6-trimethyl D-glucose and 2 : 4-dimethyl p-xylose {376 mg.; [a]p +62-6° 
(c, 3-7 in H,O)} [fraction (c) crystallised when kept; the crystals were separated on a tile and recrystallised 
from ether-light petroleum, to yield 2: 4: 6-trimethyl D-glucose], (d) 2 : 4-dimethyl D-xylose (57 mg,), 
and (e) 2 : 4-dimethy] p-galactose (140 mg.). 
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529. The Conditions for Optimum Growth Rate of Bact. lactis 
aerogenes. 


By D. STEPHENS and SiR CyriIL HINSHELWOOD. 


In synthetic media containing carbohydrate, phosphate buffer, the necessary inorganic 
salts, and ammonium sulphate or individual amino-acids, Bact. lactis e@rogenes grows with a 
mean generation time of not less than about 30 minutes; in meat extracts of unknown 
composition this falls to about 20 minutes. 

The requirements for this rapid growth have been shown to be the presence not of trace 
elements, ready-made nucleic acids, nucleotides or their constituents, or other compounds of 
high molecular weight, but a complete series of amino-acids. None of these occupies a key 
position, but the addition of each new member of a list of about 20 causes a stepwise shortening 
of the mean generation time. The kinetic reason for this is discussed. 


Introduction.—Bact. lactis aerogenes grows readily in simple artificial media containing glucose, 
ammonium sulphate, magnesium sulphate, and potassium phosphate. In the logarithmic 
growth phase, during which the number of cells varies with time according to the law 
1/n(dn/dt) = k, the time taken for the bacterial population to double is approximately 
33 minutes at 40°0°. This value for what is termed the mean generation time (M.G.T.) is 
not lowered by substitution of any other carbon source for glucose, though replacement of 
ammonium salts by certain compounds such as asparagine shortens the M.G.T. to about 
30 minutes. On the other hand, meat extracts of unknown composition, such as that sold 
under the name of ‘‘ Lemco broth” permit M.G.T.s as short as 20 minutes. 

Considerable interest attaches to the question of the compounds which must be provided 
ready-made in the solution to enable the cells to multiply at the maximum rate of which they 
are inherently capable, and the experiments to be described were designed to yield systematic 
information on this matter. 

It will be convenient first to classify the experiments and to outline the main results, and 
then to describe the details in the appropriate sub-sections. 

The first question is whether for optimum growth rate the cells require compounds of 
complex structure and high molecular weight, such as polypeptides and nucleic acids. The 
answer is negative, since a solution formed by hydrolysis of the bacteria themselves with 
sulphuric acid at 100°, a process which none of these complex compounds would survive, 
supports growth with an M.G.T. of 20—24 minutes (section 1). 

The next question is whether the meat preparations contain traces of metallic elements, 
which are absent from the synthetic media, and are essential for the highest rates of growth. 
This possibility is also disproved by the use of bacterial hydrolysates. Bacteria are grown for 
many generations in the normal synthetic media, and can not be richer in the trace elements 
than the content of these media permit. Yet the hydrolysates derived from them support 
growth at rates comparable with those in the broth. The virtue of these solutions must thus 
depend upon the organic compounds which the bacteria have synthesised (section 1). 

Much work has already been done in this laboratory on the utilisation of various carbon 
sources and it seemed unlikely that there would be a significant improvement in growth rate on 
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the replacement of glucose by any other sugar with the possible exception of ribose. This 
compound, in view of its importance in nucleoproteins, might have had special virtues, which 
in fact it proved on trial not to have (section 2). 

A group of substances related to nucleic acids and nucleotides was then investigated. This 
consisted of yeast and thymus nucleic acids themselves, the nucleotides adenylic acid and 
guanylic acid and the compounds guanine, thymine, uracil, guanosine, and adenosine. None 
of these proved capable of inducing growth at the optimum rate though certain combinations, 
mainly those containing guanylic acid, gave a transitory enhancement of the rate of division 
without correspondingly increased rate of synthesis, the result being a decrease in the size of 
the cells present (section 2). 

Finally, numerous combinations of amino-acids were tested. A mixture of all those 
normally contained in protein hydrolysates, added to a glucose—-magnesium sulphate—phosphate 
medium, gave a solution capable of supporting growth with M.G.T. in the neighbourhood of 
21 minutes which closely approaches that observed in the “ natural’? medium. Investigation 
of various combinations showed that the optimum rate is only attainable when the acids are 
all present together, and that, although some are more efficacious than others, the addition of 
each new one to a basic medium gives an extra shortening of the M.G.T. (sections 3 and 4). 
The significance of this step-wise shortening of the M.G.T. as fresh amino-acids are added and 
the non-existence of any individual key-compounds is considered in the Discussion. 

It is also of interest to note that the solution formed by complete lysis of a bacterial 
suspension with ultra-violet light is much less effective in supporting growth than that formed 
by hydrolysis with sulphuric acid. Certain important structures are evidently destroyed by 
the ultra-violet light. Indeed it is not impossible that this destruction may be the 
cause initiating the lysis itself (section 5). 

The general experimental methods are similar to those described in previous papers from 
this laboratory. What will be referred to as the normal medium is a sterile solution containing 
magnesium sulphate, ammonium sulphate, glucose, and phosphate buffer. Usually it is made up 
in boiling tubes in 26 ml. volume, consisting of 1 ml. of 1 g./1. magnesium sulphate solution, 5 ml, 
of 5 g./l. ammonium sulphate solution, 10 ml. of m/15-potassium dihydrogen phosphate which 
has been adjusted to pH 7°12 with sodium hydroxide, and 10 ml. of 50 g./1l. glucose solution. All 
these solutions are kept in flasks plugged with sterile cotton wool and are sterilised daily by 
boiling. A “‘ normal culture”’ refers to a culture of Bact. lactis aerogenes in the normal medium. 

Growth rates were determined either (a) by turbidimetric examination of samples with a 
photoelectric ‘‘ Spekker ’’ instrument or (b) by direct counting in a hemocytometer chamber 
under the microscope. Except when otherwise stated the curves of log (count) plotted against 
time were of the standard linear form, from which the M.G.T. could be read off. 

Section 1. Growth of Bact. lactis aerogenes in Media which contain the Product of Acid 
Hydrolysis of the Bacteria.—The cells from about 500 ml. of a fully-grown normal culture were 
centrifuged free from the mother-liquor and suspended in 20 ml. of glass-distilled water. 
This suspension was brought to normal acid strength by addition of sulphuric acid and was 
then kept at 100° in an oil-bath for 24 hours. The resulting solution was decanted or filtered, 
neutralised with pure sodium hydroxide dissolved in glass-distilled water, and sterilised by 
boiling. Sufficient of the neutral and sterile solution was added to a normal medium to support 
growth up to high cell counts. The amount was estimated in terms of the number of cells from 
which the lysate had originally come. The M.G.T. of Bact. lactis aerogenes in this medium was 
measured by either turbidimetric or direct-counting methods. Results are given in Table I. 

It is concluded that neither trace elements nor very complex compounds are essential for 
fast growth: the first because the trace-element content of the hydrolysate could not exceed 
that of the artificial medium from which it had been grown; the second because the complex 
compounds would not be stable under the drastic conditions of the hydrolysis. 

Section 2. Effect on the Mean Generation Time of Bact. lactis aerogenes of Nucleic Acid 
Constituents added to the Medium.—Each medium was prepared by weighing out the compounds 
with a glass spatula into a normal medium less glucose and sometimes less ammonium sulphate, 
warming to dissolve the compounds, filtering off any undissolved guanine if present and boiling 
to sterilise, and then cooling and adding the other constituents of the normal medium. Growth 
was measured by counting the cells in a sample with a microscope and hemocytometer. 

The plots of log (count) against time were often not of the standard linear form but were 
curves concave towards the time axis. In such cases the initial (and steepest) slope was used 
to calculate the M.G.T., so that the results given in Table II correspond to the periods of 
fastest growth and are thus biassed in favour of short M.G.T.s. The Table shows that in 
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TaBLe I. 
Mean generation times in media containing acid lysate. 


Treatments other than neutralisation Amount of lysate Method of measuring Mean generation 
accorded to lysate. added.* growth. time in mins. 
Decanted from ppt. approx. 0-75 Counted by micro- 
scope 
i ja approx. 2 
o a approx. 1-5 
a o. approx. 3 
Filtered, then ppt. separately dis- approx. 1-5 
solved in conc. HNO;, neutralised, 
and added to lysate 
Filtered approx. 0-75 Counted by Spekker 
absorptiometer 
” approx. 1 ” ” 


* Amount of lysate measured in equivalents of a normal fully-grown culture as explained in the 
text. 


Taste II. 


Ammonium 
sulphate. 
acid. 


Yeast nucleic 
acid. 


t Asparagine. 
IRL LLL Pil b bd aid Adenine. 
LETT ESEL LLL L 111 Guanytie acid. 


LIRL PPL LLP TEES 1 1 | Uraci. 
LLLP TPT T ETE ELST td 1 1 Thymine. 


LLL LU EEL att tt 1 1 | Guanosine. 
- Thymus nucleic 
be (REM CRE ROGER eo : 


LITT TL ELT ISI ELT 1 Ribose. 
ISTLISII IIIT IL | Adenytic acia. 


PL ISELELITEIEIITI 


ae 25 
10 10 — 10 — 20 20 

10 10 100 10 10 20 20 10—100 

Figures show mg. of the compound added to normal medium (26 ml.) less ammonium sulphate. 
S = saturated solution of the compound in the medium. 

* = measured by absorptiometer only. 
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a 

< 
5 
5 
o 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


aananaacal aaal | excrerer | Glutamic acid. 
wowlwll lili i ttt | wl | Guanine. 
SSll lili i bald dd tl 1 | Adenosine. 


spite of this no combination of these compounds supported fast growth over an appreciable 
range, although there seems to be a short initial stage of rapid cell division in some media 
containing the nucleotides adenylic and, especially, guanylic acid. This short period of rapid 
division is evidently not accompanied by a commensurate rapid growth of cell material, for 
turbidity measurements (which essentially indicate the latter) do not yield such short values 
for the M.G.T., and observation shows that the cells become smaller as multiplication proceeds. 
In all cases, above counts of about 100 million/ml. growth and multiplication rates are slow. 
The conclusion is that absence of these compounds from the normal medium is not the 
cause of growth rates less than the optimum. 
Section 3. Growth Rates of Bact. lactis aerogenes in Media containing Mixtures of 
“* Essential ’’ Amino-acids.—The first few experiments showed that variation from 2 to 10 mg. 
in the amount of an amino-acid added to a normal medium did not alter the M.G.T. 
Consequently the later media were prepared by addition of approx. 5 mg. of each amino-acid. 
Otherwise the media were prepared by the same technique as that described in Section 2. 
‘Growth was measured by turbidity since this method is much quicker than counting, and the 
values obtained yielded straight-line plots of log (count) against time. The M.G.T.s measured 
for these media are given in Table III. 





1949] Optimum Growth Rate of Bact. lactis aerogenes. 2519 


Taste ITI. 
More important Less important 
amino-acids. amino-acids. 


generation 


time in 
mins 


tg Phenylalanine. 
'd Aspartic acid. 
'~ Glutamic acid. 
‘0 Hydroxyproline. 


td Serine 

3 Leucine. 

‘J Alanine. 

‘J Methionine. 
'~ Valine. 

'S isoLeucine. 
ty Tryptophan. 
ty Threonine. 
td Cystine. 

‘J Proline. 

'd Cysteine. 

'~ Tyrosine. 
ty Arginine. 
‘gy Histidine. 
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P = compound present in the medium. 


The results show that addition of amino-acids to the medium helps growth and that as more 
acids are added so the M.G.T. is progressively shortened until, when all 20 acids are present, 
the optimum value of 21—23 minutes is attained. In general, attempts to eliminate certain 
amino-acids as ineffective were unsuccessful, although glycine, lysine, and histidine seemed to 
contribute comparatively little. It was, however, possible to grade the remaining 17 acids in 
a rough order of importance by measurement of the M.G.T.s in media containing all these 
acids less each member in turn. The results of the experiments are shown in Table IV. 


TABLE IV. 


Mean generation times in media containing all amino-acids less one. 


Normal medium + all amino- 
acids except 


Most effective acids 


Least effective acids 
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Section 4. Growth Rates of Bact. lactis aerogenes in Media containing Nucleic Acid 
Constituents and Amino-acids togethey.—Results of these experiments, which were carried out 
in the usual way, are shown in Table V. It appears that adding nucleic acid constitutents to 
a medium containing all the amino-acids causes no further shortening of the M.G.T. 


TABLE V. 


Mean generation times in media containing mixtures of amino-acids and nucleic acid 
constituents. 


Amino-acid 

mixture 
Adenylic acid. 
Guanylic acid 
Yeast nucleic 
Thymus nucleic 

acid. 

icotinic 

acid 
M.G.T. in mins. 


o o 
& § 
§ S 

© 
=] =] 
Oo < 


a 
P 


ig N 
'S Riboflavin. 


asda] 
a °] 
as Bae) 


feeResBecRechesBeshe si dt alla ala 


4 
Amino-acid mixtures. 
A: Serine, leucine, alanine, methionine, tryptophan, valine, isoleucine, tyrosine, phenylalanine, 
aspartic acid, glutamic acid, and cystine. 
B: All 20 amino-acids. 
P = compound present in the medium. 
* = Ribose present but no glucose in medium. 


TaBLe VI. 
Mean generation time in media containing lysates. 
Ml. of 24-hour MI. of unboiled MI. of boiled Method of 
acid lysate. u.-v. lysate. u.-v. lysate. measurement. 
2 Turbidity 
+ counting 
4 ” 
8 ” 
Counting 
Turbidity 
Counting 32, 32 
Turbidity 23, 21, 235 
+ counting 
2 Counting 
With 9 ml. of u.-v. lysate which had been kept at 100° for 24 hours Counting 
with n-H,SO, 
Ditto with 2 ml. of above solution Turbidity 
With 3 ml. of acid lysate which had been irradiated with u.-v. light Turbidity 
for 5—7 days 
Acid lysate + all amino-acids except cystine Turbidity 
Irradiated acid lysate + all amino-acids except cystine Turbidity 


Section 5. The Difference between the Effects of Ultra-violet and Acid Lysates on the Growth 
Rate.—The effect of the acid lysate in speeding up growth of Bact. lactis aerogenes has already 
been described in Section 1. A solution was obtained by irradiating a suspension of bacteria 
in glass-distilled water with ultra-violet light for several days until almost complete lysis had 
occurred. This when it was added to the normal medium supported an appreciably slower 
growth than the acid hydrolysate. The M.G.T.s for these media are given in Table VI. 

There seem to be three possible reasons why the ultra-violet lysate might support slower 
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than the acid lysate: (i) ultra-violet lysate contains an inhibitor, (ii) ultra-violet light 
breaks down cell material less completely than does acid, and the cells prefer the more 
completely broken down products as food, (iii) ultra-violet light breaks down cell material more 
completely than does acid, and cells ; refer the less broken down (i.¢., more complex) compounds 
as food. To decide between these alternatives the following experiments were made: (i) A 
mixture of ultra-violet and acid lysates was added to normal medium, and it was found that 
the cells grew at the same speed as they did in the acid-lysate medium alone. This showed 
that the ultra-violet lysate contained no inhibitor, or possibly that an inhibitor is present but 
its action is reversed by presence of compounds contained in the acid lysate. (ii) Ultra-violet 
lysate was heated with normal acid for 24 hours at 100°, and then neutralised and added to 
the normal growth medium. The M.G.T. in this solution equalled that of the untreated ultra- 
violet lysate, so that the superiority of the acid lysate is not merely due to more complete 
decomposition of the cell material. (iii) Acid lysate was irradiated with ultra-violet light for 
7 days, and then neutralised and boiled, and its effect on growth compared with that 
of a similar sample of acid lysate which was not irradiated. In the first experiment it was 
found that both the irradiated and non-irradiated lysates yielded the same slow growth with 
M.G.T. of 29 minutes. In a second experiment in which ultra-violet treatment lasted for only 
5 days, the irradiated lysate gave growth with an M.G.T. of 26°5 minutes and the non-irradiated 
lysate faster growth with M.G.T. 23°5 minutes. 

It thus seems likely, but not certain, that ultra-violet light decomposes compounds which 
assist rapid growth. Further, some amino-acids (e.g., phenylalanine and tryptophan) have 
strong absorption bands in the ultra-violet, and if a clear solution of 20 essential amino-acids 
is irradiated it darkens. This suggests that perhaps the difference between the ultra-violet 
and acid lysates is that the former is without certain essential amino-acids which are decomposed 
by ultra-violet light. To test this, the M.G.T. was measured, by absorptiometer, for media 
containing all the amino-acids and a sample of irradiated acid lysate, as well as the normal 
compounds. The value of 25 minutes which was found is faster than that for the irradiated 
lysate alone but slower than that for the amino-acid mixture alone. 

The tentative conclusion drawn from these experiments is that the ultra-violet lysate is 
without some important amino-acid constituents of the acid lysate and may contain slightly 


inhibitory compounds. Further support for this view was later obtained by chromatographic 
analysis of the acid and ultra-violet lysates, the technique described by Dent (Biochem. J., 
1948, 43, 169) being used. Two independent experiments failed to reveal any amino-acids in 
the ultra-violet lysate, whilst serine, valine, leucine, alanine, glycine, lysine, and aspartic acid 
were identified in the acid lysate. 


DISCUSSION. 


The Effect of Amino-acids on Growth Rate.—The experiments have not indicated any 
inhibitory action of amino-acids. Nor has it been possible to find a small group of acids which 
gives as fast a growth as a mixture of them all. There seems rather to be a stepwise shortening 
of the M.G.T. with each addition of a fresh amino-acid, and the following simple scheme shows 
how this phenomenon might arise. 

It is assumed that the bacterium builds up its proteins by forming amino-acids into peptide 
chains 


which can be written shortly as 


where A, B, and C are amino-acid radicals. 

On the assumption that in an experiment all conditions are constant except the amino-acid 
concentration, the rate of arrival of any one constituent at the growing end of the peptide 
chain will be proportional to a function of its concentration, i.e., 


Rate of arrival of A = f,([A)). 


where [A] is the concentration of A in the medium. 
Therefore the average time interval between the attachment of the preceding constituent 
and the arrival of A is given by 


t, = 1/f,([A)) 
8a 
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and the time taken to build up the unit A—B—C by 
1 1 1 
(AD * fetBD) * fol)’ 


The M.G.T. during the period of steady growth will be the sum of such times, so that we 
can write 


T=t+tgt+itg= 





M.G.T. = 1/f,([A]) 


As [A] —>» o, so we should expect 1/f,([A]) —~> 0 or some finite limiting value. But 
however low the value of 1/f,([A]) the M.G.T. will be kept up by the other terms 1/f,([B)) ete, 
Only when each of these other terms has successively been brought to its lower limit (either 
finite or zero) does the M.G.T. reach the lowest limit possible. 

In this way it can be explained how omission of amino-acids from the medium causes 
wise increments in the M.G.T. of the cell and why a large number of acids must be present to 
give the fastest growth. 


PuysicaL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. [Received, June 16th, 1949,] 





530. The Quantitative Analysis of Mixtures of 1:3: 4: 6-Tetramethyl, 
1:3: 4-T'rimethyl, and 3 : 4-Dimethyl Fructoses by Partition Chromato- 
graphy. 


By D. J. Bett and ANNE PALMER. 


A small-scale analytical separation of the three sugars mentioned in the title is described. 
Owing to the volatile and hygroscopic nature of the tetramethyl sugar, recourse is made to a 
colorimetric method for its determination in the appropriate chromatographic fraction. The 
especial value of paper chromatography for the characterisation of the sugars is emphasised. 


THE analysis of mixtures of methylated derivatives of D-fructose has not hitherto been advanced 
to the stage of accuracy now obtaining in the glucose series, despite the many problems presented 
by the widespread occurrence of fructosans in the plant and microbiological kingdoms. The 
early work of the St. Andrews school has been continued mainly at Birmingham and at Hamburg; 
the analytical large-scale technique employed has usually been based on fractional distillation 
of the different methylfructosides. Such methods require large amounts of material and they 
suffer markedly from scarcity of data whereby to characterise the components of the fractions, 

To facilitate such analyses we endeavoured to apply the partition-column procedure described 
by one of us (Bell, J., 1944, 473; 1948, 992) for the separation of the methylated glucoses, and 
have met with some success. By partition chromatography we have achieved the complete 
separation and quantitative recoveries of 1: 3:4: 6-tetramethyl, 1:3: 4-trimethyl, and 
3: 4-dimethyl D-fructose from mixtures of all three, working over a range of 100—300 mg. of 
each sugar. Unreported experiments have shown that up to 1500 mg. of a sugar can be suc- 
cessfully handled. We also attempted experiments using 3: 4: 6-trimethyl p-fructose, but 
difficulties of obtaining this sugar in a pure state have hindered successful analyses in this 
instance. 

Our new method differs in two main respects from the above-mentioned analysis of methylated 
glucoses. First, as found in this laboratory by Dr. G. D. Greville (1944, unpublished work) 
the partition ratios of the methylated fructoses between water and most ordinary immiscible 
solvents differ so greatly from those of their glucose isomers that a separate series of partitioning 
solvents has to be used. Secondly 1:3: 4: 6-tetramethyl fructose is noticeably volatile 
at room temperatures at the vacuum of the water-pump. It is therefore impossible 
quantitatively to recover this sugar in the dry state. Considering the tetramethyl and tri- 
methyl fructoses we observed that toluene was satisfactory as the mobile phase of the partition 
column. There is a greater difference between the partition values of the two sugars between 
water and toluene than with any other convenient solvent tried. Owing probably to adsorption 
by the silica, it was found necessary to add a small quantity (0°33% v/v) of ethanol to the 
toluene used for elution. 

Small-scale columns (Bell, Joc. cit.) prepared with ethanolic toluene were used for trial 
experiments. At various stages of development, the columns were extruded and, after drying 
at 110°, the position of the bands occupied by fructose derivatives discovered by streaking with 
hot (ca. 90°) 0°2% orcinol in 66% sulphuric acid. Unpublished work by Dr. J. S. D. Bacon in 
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this laboratory has shown that a reddish-brown colour develops very rapidly in the regions con- 
taining free or combined ketoses. Aldoses, on the other hand, react much more slowly and 
develop a red to purple tint. Experiments showed that, after complete elution of the tetra- 
methyl sugar, the tri- and the di-methyl fructoses remained at the top of the column. The tri- 
methyl sugar could then be eluted by chloroform containing 5% (v/v) of n-butanol, still 
leaving the dimethyl fructose at the top of the column. The last sugar was recovered by extrac- 
tion of the column by methanol. 

When we examined the recovery of 1 : 3: 4 : 6-tetramethyl fructose, using the gravimetric 
assay described for the glucose series, we encountered the above-mentioned volatility of the 
sugar. Low yields, progressive decreases in weight of samples dried in a vacuum, and browning 
of the sodium hydroxide used as the drying agent convinced us that losses due to evaporation 
were taking place. A highly purified sample of the tetramethyl sugar, after a final distillation 
(bath temp. 50—60°/0°01 mm.) in an apparatus of the type used by Ellis (Chem. and Ind., 
1934, 77) was examined with the following results : 

Period of drying at 15 mm. (hrs.) 0 1 2 2 17 5 20 48 
Wt. of sugar (mg.) ‘L 679-2 677-2 676-2 674-0 673-2 672-2 670-2 
Loss in weight (mg.) ...........cccesseeeeee — 209 20 10 22 oO8 10 20 

During each period, browning of the sodium hydroxide in the desiccator was again noted. 
The large decrease in weight during the first drying period is probably due to loss of water 
vapour (see p. 2524). 

Having shown that gravimetric assay of 1 : 3: 4: 6-tetramethyl fructose is inaccurate, we 
next examined the possibility of determining the sugar in a dilute aqueous solution by a 
colorimetric method. This proved to be readily done and gave excellent recoveries. It also 
proved possible to characterise the sugar of this fraction as being 1:3: 4: 6-tetramethyl 
p-fructose uncontaminated by lower homologues. (It must be emphasised that gravimetric 
assay of 1: 3: 4-trimethyl and 3 : 4-dimethyl fructoses presented no difficulties.) The tetra- 
methyl sugar is not volatile in steam or in the vapours of organic solvents provided the solutions 
be not too concentrated. The procedure finally adopted for analysis of the mixed sugars is 
as follows : An aqueous solution, representing the neutralised agid hydrolysate of a methylated 
fructosan, is extracted ten times with chloroform. The combined extracts are concentrated 
to about 50 ml., and the chloroform displaced by toluene by distillation at low temperature to 
yield a final volume of about 50 ml. This solution is quantitatively pipetted on to the surface 
of a 12-g. silica column. The tetramethyl fraction is then eluted with toluene containing 
033% (v/v) of ethanol. The eluate is concentrated to about 50 ml. as before and the 1 : 3 : 4: 6- 
tetramethyl fructose partitioned back into water and determined colorimetrically by the method 
of Cole, Hanes, Jackson, and Loughman (in the press). 

The original aqueous phase containing the “ tri-’’ and “ di-’’fractions is evaporated to 
dryness, and the residue is dissolved in chloroform and transferred quantitatively to the partition 
column. The total trimethyl sugar is then eluted by chloroform containing 5% (v/v) of 
n-butanol and determined gravimetrically. The dimethyl fructose left on the column is also 
determined gravimetrically after elution by methanol. 

The characterisation of the three sugars obtained from the column separations offered some 
difficulty, especially with 1:3: 4: 6-tetramethyl fructose. Small-scale operations demand 
measurements on small amounts of material which readily take up moisture, the sugars all 
being very hygroscopic. For 1:3: 4: 6-tetramethyl fructose we have adopted the procedure 
of subjecting the sugar to a preliminary distillation in a high vacuum, using an apparatus 
similar to that described by Ellis (loc. cit.). In this way the material is obtained reasonably 
free from moisture and may be used directly for measurements of specific rotation and refractive 
index. For methoxyl determinations, however, it was found necessary to subject the sample 
for analysis to a second drying in high vacuum over phosphoric oxide (see p. 2524); 3: 4-dimethyl 
fructose is a very viscous syrup and we do not consider its refractive index a very satisfactory 
means of characterisation owing to the difficulty of determining the value for the pure dry 
Sugar. Each of the “ tetra-”’, “ tri-”’, and “ di- ”’methyl fractions obtained by elution was 
examined by the paper chromatogram (Hirst, Hough, and Jones, this vol., p. 928). In no 
instance was there any evidence of the presence of any substance other than the expected sugar. 


EXPERIMENTAL. 


Obli Precautions.—The precautions described by Bell (J., 1944, 473) were observed throughout. 
Ethano and methanol were distilled, in all-glass apparatus, from sodium < ome ary and silver oxide. 
As in the previous paper, water-immiscible solvents for partition were equilibrated with water before 
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use. Solvents were evaporated under reduced pressure, the temperature of the water-bath bej 
kept below 30°. Separating-funnel partitions were done between equal volumes of the two phases, 

Silica gel. This was prepared according to Tristram’s modification (Biochem. J., 1946, 40, 723) of 
the original procedure of Gordon, Martin, and Synge (ibid., 1943, 37, 80) in that one volume of water- 

lass was diluted initially with one volume each of water and ice. The silica was finally dried at 119° 
or 24 hours. 

Preparation of the column. One part of silica, finely ground in a mortar, was mixed with one-half 
its weight of water, and grinding continued to give a fine dry powder. This powder was then stirred 
with sufficient ethanolic toluene (EtOH, 0-33% v/v) to give a slurry which was then poured into a 
suitable glass tube fitted at the lower end with a porcelain disc and cotton-wool plug. When the column 
of gel had settled it was de-greased by passage of three column-lengths of ethanolic toluene. 

Recovery Experiments on Artificial Mixtures.—The columns used were prepared from 12 g. of silica 
and were held in tubes 35 mm. in diameter and about 1 m. long. 5 Ml. of toluene solutions containj 
known amounts of the sugars (100—200 mg. of each of 1: 3:4: 6-tetramethyl and 1 : 3 : 4-trimethy] 
fructose) were pipetted on to the surface of the silica and allowed to sink into the column. One column- 
length of ethanolic toluene was carefully added, and collection of the eluate commenced. A further 
15 column-lengths of eluting solvent were then passed. The total eluate was concentrated, in presence 
of a little barium carbonate, to a volume of about 50 ml. and extracted 18 times with water. The com- 
bined aqueous phases were filtered into a 1-1. graduated flask and made up to the mark with washings 
of the filter-paper. The tetramethyl fructose in aliquots of 2-0 ml. was determined as stated on p. 2523, 
for the specific estimation of ketoses. Typical recoveries of tetramethyl fructose are shown below. 


Amount of Me, sugar put on column (mg.) 109-0 
Sugar found by colorimetric determination (mg.) . 107-5 
Recovery (%) 98 


On to the toluene-washed column were pipetted 5 ml. of a chloroform solution of 3 : 4-dimethyl 
fructose containing 100—200 mg. of the sugar. (The dimethyl fructose is not soluble in toluene). The 
column was then treated with 8 column-lengths of chloroform containing 5% (v/v) of m-butanol. The 
total eluate was evaporated to dryness under reduced pressure, in presence of a little barium carbonate, 
water being added to assist removal of the butanol. The dried residue was extracted with dry ether, 
and this solution evaporated in a slight modification of Bell’s apparatus (loc. cit.). The temperature 
of the air-bath for this operation must be kept below 30° or decomposition of the sugar'results. On 
seeding and drying to constant weight in a high vacuum over phosphoric oxide and sodium hydroxide, 
the 1 : 3: 4-trimethyl fructose set to a hard mass of needles. Typical recoveries were : 


Amount of Me, sugar put on column (mg.) 101 106 106 113 212 
Sugar found by gravimetric method (mg.) 101 104 111 209 
Recovery (%) 1 95 98 98 98 


The chloroform—butanol-washed column was then expressed from the tube into a beaker, and the 
tube washed with methanol. The resulting slurry was collected on a sintered-glass funnel, and the solid 
washed with five lots each of 150 ml. of methanol at room temperature to avoid possible fructoside 
formation. The filtrate was evaporated in presence of barium carbonate, and the residue exhausted 
with warm, dry dichloroethylene. The resulting solution was evaporated in the evaporation apparatus 
at 40—50°. The sugar was finally dried to constant weight over phosphoric oxide and sodium hydroxide 
at about 0-05 mm. pressure. The following table contains typical recoveries. 


Amount of Me, sugar put on column (mg.) 
Sugar found by gravimetric method (mg.) 
Recovery (%) 


Characterisation of 1:3:4:6-Tetramethyl p-Fructose.—The following measurements and nj were 
used to characterise this sugar. 

(a) Specific rotation. The literature gives the following values: +31-7° (Haworth, J., 1920, 117, 
199); +31-3° (idem, J., 1927, 1519); +25-9° (Schlubach, Knoop, and Liu, Annalen, 1933, 504, 30); 
+32-8° (Leitch, J., 1927, 588); -+31-7° (Haworth, Hirst, and Ruell, J., 1923, 128, 3130); +32-9°, 
+31-7° (Irvine and Steele, J., 1920, 117, 1478); +30-6° (Hibbert, Tipson, and Brauns, Canadian J. 
Res., 1931, 4, 221). When handling dried material of the order of 0-75—1-5 g. and weighing it on the 
ordinary analytical balance, rotations of +31° were in fact found; but when weighings had to be from 
small amounts, the sugar ap ntly absorbed about 10% of moisture during the operation and low 
values for [a]p tended to be obtained. 

Ry Value (see Hirst, Hough, and Jones, this vol., p. 938). This, in m-butanol—water was 08 
for authentic material and for all column samples examined. (As our chromatograms were not con- 
trolled for temperature, figures for Ry values are given only to the first place of decimals. Controls 
with authentic specimens were always run simultaneously.) 

(c) Methoxyl content. The values for the methoxyl content of 1:3: 4: 6-tetramethyl fructose 
recorded in the literature are sometimes lower than the theoretical value of 52-5%: e.g., 49% (Haworth, 
loc. cit.); 53-2% (Irvine and Steele, Joc.- cit.), 50-7% (Schlubach and Boe, Annalen, 1937, 582, 191), 
53-4% (Schlubach and Peitzer, ibid., 1937, 580, 120), 52-0% (Schlubach and Loop, ibid., 1936, 523, 
130), 52:0% (Schlubach and Bandmann, ibid., 1939, 540, 285). Owing to the hygroscopic nature of 
the sugar we obtained low values by the micro-technique; if, however, the specimen of the sugar was 
first roughly measured into a small tared vessel fitted with a stopper and the whole dried over phosphoric 
oxide in a high vacuum (in which some of the sugar volatilises) before the final weighing was made, 
better values were obtained. ' 

Characterisation of 1:3:4-Trimethyl pD-Fructose.—None of our specimens crystallised without 
seeding. This was first made possible by a crystalline specimen kindly provided by Professor S. Peat, 
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F.R.S. The following measurements were used to characterise the sugar. The melting point of the 
yntiled material tended to be unsharp (about 73°) and was not used as a means of characterisation. 

(a) Specific rotation. Using a 5% solution of thoroughly dried pure 1 : 3 : 4-trimethyl D-fructose, 
we obtained the following values on keeping at 16-5°: —56-9° (60 minutes); —60-8 (19 hours); —61-6° 
(const.) (68 hours). This sugar is also somewhat hygroscopic, and slightly lower values were found for 
column specimens where the micro-balance was er (see following table). 

The literature gives the following values: —52° (at 18°, c, 5) (Challinor, Haworth, and Hirst, /., 
1934, 676), —47-6° (c, 1) (Schlubach and Sinh, Annalen, 1940, 544, 101). It should be noted that the 
constants quoted by Elsner (‘‘ Kurzes Handbuch der Kohlenhydrate,” Leipzig, 1935, p. 373) and by 
Micheel (“Chemie der Zucker und Polysaccharide,’’ Leipzig, 1939, p. 98) do not refer, as stated, to 
1:3; 4-trimethyl D-fructose (cf. also Hudson, ‘‘ Advances in Carbohydrate Chemistry,” 1946, 2, 20). 

(b) Refractive index. The few values quoted in the literature are rarely accompanied by the tem- 

ture at which the measurement was made. The fused crystalline sugar had n?? 1-4660 (decrement 
ior rise of 1-0°, 0-00036) and the temperature-mp relationship followed a straight line between 15° and 
40°. Hibbert, Tipson, and Brauns (loc. cit., 1931, 4, 221) give ni? 1-4661 for the sugar in the liquid 
form (see following table). 

(c) Re Value. For pure 1: 3: 4-trimethyl fructose and for all specimens examined Ry was 0-60. 

(d) Methoxyl content. No marked difficulty was found in determining this. Pure material showed 
OMe, 42-2% (calc. : 41-9%) (see following table). 

(e) Formaldehyde production after periodate oxidation. Bell, Palmer, and Johns (this vol., p. 1536) 
have shown that 1 mole of 1 : 3: 4-trimethyl fructose yields 1 mole of formaldehyde when oxidised by 
sodium metaperiodate in phosphate buffer of pH 7-5. This fact affords a convenient check on the purity 
of the sugar, and can be used as a method of estimation. 

Characterisation of 3: 4-Dimethyl D-Fructose—This was obtained as one of the major fractions of 
the hydrolysis products from methylated irisin; the proof of its constitution will be the subject of a 
future communication. McDonald and Jackson (J. Res. Nat. Bur. Stand., 1940, 24, 181) have prepared 
this sugar by a synthetic route; they give [a]p in water, —60-7°. Our material, exhaustively dried, 
was a viscous, colourless syrup having [a]p in water —59-4° (c, 1-8), in chloroform —10-3° (c, 2) (Found : 
OMe, 29%). It appeared to be homogeneous when examined on the paper chromatogram. Measure- 
ments used to characterise the sugar are shown below and in the following table. 

Refractive index. We found nj 1-4848 for our purest sample (decrement for rise of 1-0°, 0-00035). 
There was a straight-line relationship between ¢ and mp over the range 15—35°. 

Ry Value. For each specimen this was 0-4 in n-butanol—water. 

The following table shows two examples of recovery experiments on a mixture of 1: 3: 4: 6-tetra- 
methyl, 1 : 3: 4-trimethyl, and 3: 4-dimethyl sugars in water, together with values obtained in the 
characterisation of these sugars. 


wr wes Www om 


Wt. of sugar put Wt. of sugar 
Column no. Sugar. on column (mg.). recovered (mg.). Recovery (%). 
(1) :3:4:6 Me, fructose 98-4 
: 4 Me, fructose 
Me, fructose 


Me, fructose 
: 4 Me, fructose 


Value obtained for samples of sugars recovered from columns. 


(a) 1:3: 4: 6-Tetramethyl fructose. 
Pure redistilled 
material. 
30-4° 
(c, 3-4) 
51-1 


1-4506 


Pure material 
recryst. from CCl,. 
—61-6° 
. 3-2 42-2 
"p (fused crystals) . . 1-4660 
oles of H*CHO per mole sugar after NalIO, oxidation ... , . 1-00 


(c) 3: 4-Dimethy]l fructose. 
Column no. : Pure material. 
—59-4° 
9 29-3 
1-4842 * 1-4830 * 1-4848 
* Variation in values probably due to difficulty in drying. 


One of us (A. P.) is indebted to the Agricultural Research Council for a grant. 


BIOCHEMICAL LABORATORY, CAMBRIDGE. [Received, May 25th 1949.] 
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531. Deoxyribonucleosides and Related Compounds. Part I. 
Synthetic Applications of Some 1-Halogeno 2-Deoxy-sugar Derivatives, 
By J. Davott and B. LyTHcog. 


Possible methods for the synthesis of adenine deoxyriboside (I) are reviewed; one of these, 
in which the use of l-halogeno 2-deoxy-sugar derivatives is envisaged, has been explored in 
model experiments. 

A new method for the preparation of acetylated 1-halogeno 2-deoxypyranoses has been 
found in the addition of halogen acids to acetylated glycals, and by its application isomeric 
(a, B) forms of 2’-deoxy-p-ribopyranosidotheophylline have been synthesised. These isomers 
can also be obtained by an alternative method, in which theophylline silver is condensed with 
the product of addition of chlorine and diacetyl D-arabinal to give, after deacetylation, a 
2’-chloro D-ribopyranosidotheophylline and a 2’-chloro D-arabopyranosidotheophylline, the halogen 
atoms of which can be replaced by hydrogen catalytically. 


Work already reported from this laboratory had as its object the development of methods 
for the total synthesis of purine and pyrimidine glycosides. These studies have now been 
extended to the investigation of purine and pyrimidine 2’-deoxyglycosides and the results are 
communicated in the present series of papers; if successful, such investigations might lead 
to a clarification of the structures of the four naturally occurring 2’-deoxyribosides which form 
the building units of deoxyribose nucleic acids. 

As the initial objective of these synthetic studies, adenine 2’-deoxyriboside was selected. 
This compound is usually considered to have the structure (I); the location of the sugar residue 
at N,,, of the purine skeleton seems probable from the spectroscopic work of Gulland and Story 
(J., 1938, 259, 262), but the lactol ring structure is based solely on analogy (see Lythgoe, Ann, 
Reports, 1944, 41, 200), and a rigorous confirmation seems desirable. No evidence bearing on 
the stereochemistry of the glycosidic centre in (I) has so far been obtained. 


| an | 
drcH,<- H-CH,-OH 


Bi a HO-CH-CHRCCH-CH,OR’ 
H H H 


(I.) (IL.) (III.) 


R’ OR’ 
OHC-CHR *CH,OR” 
H 


(IV.) (V.) 


Lon 
Purine~-CH-CH—CH-CH-CH,-OR 


For the synthesis of (I) three principal routes seemed possible at the outset: (a) Davoll, 
Lythgoe, and Todd (j., 1948, 967) have shown that adenosine can be synthesised from the 
product of interaction of 2: 8-dichloroadenine silver and 1-chloro 2: 3: 5-triacetyl p-ribo- 
furanose. In order to apply this method, a compound of structure (II), where R is either H or 
an atom or group readily replaced by H, such as Cl, Br, SAlk, etc., would be necessary. 
(6) Kenner, Lythgoe, and Todd (/J., 1948, 957) and Kenner, Taylor, and Todd (this vol., p. 1620) 
have shown that 9-glycofuranosidoadenine derivatives can be obtained from 4 : 6-diaminopyrim- 
idine derivatives. The extension of this method to the synthesis of (I) would require either 
a suitably protected 2-deoxyribofuranose derivative such as (III; R = H, Cl, Br, SAlk, etc.), 
or a suitably protected aldehydo-2-deoxyribose derivative (IV; R =H, Cl, Br, SAlk, etc.). 
(c) Reichstein, Prins, and their co-workers have shown that it is sometimes possible to 
obtain 2-deoxyglycosides from 2: 3-anhydroglycosides (Helv. Chim. Acta, 1946, 29, 371; 
1947, 30, 496; 1949, 82, 22; J. Amer. Chem. Soc., 1948, 70, 3955). Intermediates of the 
type (V) would be necessary in order to test whether similar methods are applicable to the 
synthesis of 2’-deoxyglycofuranosidopurine derivatives. All three routes are under examination 
in this laboratory; in the present paper, model experiments are recorded which have a bearing 
on method (a) above, in which l-halogeno 2-deoxy-sugar derivatives are envisaged as 
intermediates. 

Furanose l-halogeno 2-deoxy-sugar derivatives of type (II) are unknown, and since they 
would almost certainly be difficult to prepare and very unstable it seemed desirable to undertake 
model experiments in which the preparation and use of suitable pyranose analogues could be 
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tested. One such experiment has already been recorded by Levene and Cortese (J. Biol. Chem., 
1931, 92, 53), who prepared 1-bromo 3: 4 : 6-tribenzoyl 2-deoxy-p-glucose by the method of 
Bergmann, Schotte, and Leschinsky (Ber., 1923, 56, 1052), and allowed it to react with 
theophylline silver, obtaining after removal of benzoyl groups a 2’-deoxy-p-glucopyrano- 
sidotheophylline. (This and the other theophylline deoxyglycosides mentioned in this paper 
almost certainly carry the sugar residue at N,,,, but since no evidence on this point has been 
obtained it seems preferable at present to omit the figure 7 in naming them.) We repeated and 
confirmed Levene and Cortese’s work, but were less successful in extending it to the deoxy- 
pentose field. Extensive decomposition took place when syrupy tribenzoyl 2-deoxy-p-ribose 
was treated with hydrogen bromide in acetic acid; treatment of syrupy triacetyl 2-deoxy-p- 
vibose with ethereal hydrogen chloride also resulted in decomposition, although in this case 
condensation of the crude product with theophylline silver gave a small quantity of 
3’: 4’-diacetyl 2’-deoxy-D-ribopyranosidotheophylline-II (the significance of the suffix II given 
to this compound will be made clear below). These relatively unsatisfactory results led to a 
search for a more suitable preparation of 1-halogeno 2-deoxy-sugar derivatives. 

It appears at first sight that the desired derivative (VI) might be obtained by the addition 
of a halogen acid to diacetyl D-arabinal (VII); Fischer, Bergmann, and Schotte (Ber., 1920, 
58, 517), however, recorded that triacetyl p-glucal and hydrogen bromide in acetic acid gave a 
crystalline ‘‘ diacetyl p-glucal hydrobromide,” which on reacetylation yielded a “ triacetyl 
p-glucal hydrobromide ’’, the bromine atom of which was inert towards silver nitrate, a 
behaviour which had led to the view that Fischer’s compounds were 2-bromo sugar derivatives 
(cf. Raymond, Gilman’s ‘“‘ Organic Chemistry,”’ 1943, p. 1630). This view seemed difficult to 
accept, since in the addition of water to glycals in the presence of dilute sulphuric acid to give 
2-deoxy-sugars, the opposite type of orientation is observed, the anion becoming attached 
toC,. Thinking that a peroxide effect might have been involved in Fischer’s experiment, we 
repeated his work, but were unable to isolate the compound he described; the syrupy addition 
product which we obtained decomposed in a way suggesting the presence of a 1-bromo 1: 2- 
dideoxyglucose derivative. When the addition of hydrogen bromide to triacetyl p-glucal 
was carried out in benzene, clear syrupy products were obtained which from their behaviour 
obviously contained a large proportion of 1-bromo 3: 4 : 6-triacetyl 2-deoxy-pD-glucose; when 
condensed with theophylline silver they gave in moderately good yield a crystalline 3’ : 4’ : 6’- 
triacetyl 2’-deoxy-D-glucopyranosidotheophylline which on removal of acetyl groups yielded a 
compound identical with that prepared by Levene and Cortese’s method (loc. cit.). Similar 
results were obtained whether the addition of hydrogen bromide to the triacetyl p-glucal was 
carried out in the presence of added benzoyl peroxide or of quinol added as an antioxidant. 
The yield of theophylline deoxyglucoside obtained in the latter case was indeed somewhat 
lower than when peroxide was used in the addition of hydrogen bromide, but it seems véry 
doubtful whether this was due to any reversal of orientation, since we have found that hydrogen 
chloride can be added to acetylated glycals to give syrupy acetylated 1-halogeno 2-deoxy-sugars, 
and it is known that, in the addition of hydrogen chloride to ethylenic compounds, peroxide 
effects are not concerned. 


pa aS pI 3, OB 
H H H H 


(VI.) (VIL.) 


OR OR | 
C,H,0,N,-CH-CH,-1-|-CH, f O 
H H C,H,O,N,CH-CH,CHO OHC-CH, 
(VIII.) (IX.) 


This procedure could now be applied to the preparation of 2’-deoxy-p-ribopyranosido- 
theophylline. The product (VI; Hal = Cl; R= Ac), obtained by adding hydrogen chloride to 
diacetyl p-arabinal in benzene, was condensed with theophylline silver to give a mixture of two 
isomeric compounds (VIII; R= Ac); that more soluble in benzene is referred to as 
3’ : 4’-diacetyl 2’-deoxy-p-ribopyranosidotheophylline-I ; the less soluble component was identical 
with the form II mentioned above. Deacetylation gave respectively the isomeric 
2’-deoxy-D-ribopyranosidotheophyllines-l and -II; both isomers gave a strong Dische 
reaction for 2-deoxypentoses (Mikrochemie, 1930, 8, 4), and reacted with ca. 1 mole, of 
sodium metaperiodate without liberating formic acid. Both were readily hydrolysed by hot 
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0-01N-sulphuric acid, giving solutions whose optical rotations indicated the presence of 2-deoxy- 
p-ribose. 
In the following table are listed the optical rotations of derivatives of the Series | 
and Series II compounds. 
[a]p. [a]p. 
Compound. Solvent. Series I. Series II. 
Diacetate (VIII; R = Ac) CHCl, —63° +651° 
Glycoside (VIII; R = H) 2 —9 —21-5 
Dialdehyde (IX) * H,O —42°-5 +43 
* Calculated from the rotation of a solution of the glycoside after oxidation with sodium 
metaperiodate. 


Since the dialdehydes (IX) formed by oxidation of the two glycosides (VIII; R = H) are 
enantiomorphs, the two series of compounds (VIII; R= H) and (VIII; R= Ac) must 
represent a, B-pairs. It is noteworthy that of the two glycosides (VIII; R =H), that of 
Series I has the less negative rotation, whilst of the diacetates (VIII; R= Ac), that of 
Series II has the more positive rotation ; evidently iso-rotation rules have only a limited validity 
in compounds of this type. Fischer, Bergmann, and Schotte (Joc. cit.) and Bergmann, Schotte, 
and Leschinsky (loc. cit.), who obtained isomeric methyl-2-deoxy-p-glucopyranosides of 
[a]p —48°8° and + 137°9° (water), respectively, described the latter as an a-form, presumably 
because of its large positive rotation, and the former as a 8-form. These assignments would be 
quite unwarranted if they rested on the above rotational data alone, since it is not certain that 
the contribution of the asymmetric centre C,,, will be of the same sign in methyl-2-deoxy- 
glycosides as in the related methylglycosides; but that this is, in fact, true, and that the above 
configurational allotments are sound, is established by the circumstance that the methy]l-2- 
deoxy-$-p-glucopyranoside has been connected configurationally with Brigl’s 3 : 4 : 6-triacetyl 
6-methyl-p-glucoside (Bodycote, Haworth, and Hirst, J., 1934, 151). In view of this, it seems 
likely that the 2’-deoxy-p-glucopyranosidotheophylline, [a]» —26°9° (water), described by 
Levene and Cortese is a 8-form, and that the corresponding «-form would be more dextrorotatory, 
but at present no definite allotment of configuration can be made on this basis in the case of the 
isomeric compounds (VIII; R = H), on account of the reversal in the relative values of the 
optical rotations of the two series which occurs when these glycosides are converted into their 
diacetates (VIII; R= Ac). 


“> 


R’ ~~ | cl OR OR | H OROR 
cLCH-CHR-}-—}--CH, C,H,0,N,-CH-}—— H, C,H,O,N,CH—-—|—|—cu, 
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Whilst the work described above was in progress it was decided to examine whether 
1-halogeno compounds such as (II; R = Cl, SAlk, etc.) could be used for 2’-deoxy-p-ribosido- 
purine synthesis; if such compounds could be obtained, they might be more stable than the 
corresponding derivatives (II; R = H) and the substituent R could be replaced by hydrogen 
at some later stage in the synthesis. It was, in fact, by a method of this kind that Fischer, 
Bergmann, and Schotte (loc. cit.) prepared methyl-2-deoxy-$-p-glucopyranoside. They allowed 
the mixture of dibromo-compounds resulting from the addition of bromine to triacetyl p-glucal 
to react with methanol and silver carbonate, and obtained after deacetylation two compounds, 
2-bromo §-methyl-p-glucopyranoside and 2-bromo (-methyl-p-mannopyranoside, both of 
which were converted on reduction with sodium amalgam into methyl-2-deoxy-f-p-gluco- 
pyranoside. 

In attempting to test the applicability of similar methods to the synthesis of 2’-deoxy-D- 
ribosidopurines, an accessible pyranose analogue of (II) was sought; the crystalline dichloride 
(X; R= Cl, R’ = Ac) which Gakhokidze (J. Gen. Chem. Russia, 1945, 15, 539) described 
as resulting in high yield from the addition of chlorine to diacetyl p-arabinal seemed a suitable 
model substance. In our hands, however, this addition reaction gave a syrupy product, which 
must be a mixture of at least two isomers. When this was condensed with theophylline silver 
in the usual manner, a mixture of two compounds was obtained which was separated by 
crystallisation into 2’-chloro 3’: 4’-diacetyl vp-ribopyranosidotheophylline-I (XI; R= Ac) 
and 2’-chloro 3’: 4’-diacetyl 2’-deoxy-p-arabopyranosidotheophylline-II (XII; R= Ac). The 
structures of these compounds were determined as follows. Deacetylation of (XI; R = Ac) 
with either methanolic ammonia or methanolic sodium methoxide gave 2’-chloro D-ribopyrano- 
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sidotheophylline-I (XI; R = H), which when shaken in alkaline solution with hydrogen and a 

adium—barium sulphate catalyst, gave 2’-deoxy-D-ribopyranosidotheophylline-I, identical 
with the material previously described. The isomeric diacetate (XII; R = Ac) likewise gave 
’ with methanolic ammonia 2’-chloro D-arabopyranosidotheophylline-II (XII; R =H), but when 
methanolic sodium methoxide was used for the deacetylation loss of hydrogen chloride took 
place simultaneously, and 2’: 3’-anhydro-D-ribopyranosidotheophylline-II was isolated. The 
formation of the anhydro-compound shows that (XII; R = Ac) must have the arabinose 
configuration; the failure of (XI; R= Ac) to yield an anhydro-compound when treated 
with methanolic sodium methoxide shows that it possesses the ribose configuration. 

Reductive dehalogenation of (XII; R = H) in alkaline solution led unexpectedly to two 
products. The major product was 2’-deoxy-p-ribopyranosidotheophylline-II, identical with 
material already described. Accompanying it was a small quantity of an isomeric compound 
which did not respond to the Dische test, and which is almost certainly 3’-deoxy-p-ribopyrano- 
sidotheophylline-II. At first sight, formation of the latter might be attributed to the initial 
production of an anhydro-riboside under the influence of the alkaline medium, followed by 
reductive opering of the epoxide ring, which, as shown by Mukherjee and Todd (J., 1947, 969), 
might be expected to give a 3’-deoxyriboside. Although such an explanation cannot be ruled 
out, it must be remarked that in our experience the conditions required to effect both the 
formation and the opening of such epoxide rings are much more vigorous that those of the 
actual experiment. It is noteworthy that the formation of (XI; R = Ac) and (XII; R = Ac) 
in our experiments contrasts with the results of Fischer, Bergmann, and Schotte with triacetyl 
p-glucal in that the two isomers formed in the present work have different configurations at 
Cy» as well as at Ci». 

By extending the methods described above to suitable purine and pyrimidine derivatives, 
such as 2: 8-dichloroadenine and 2: 6-diethoxypyrimidine, it should be possible to effect 
syntheses of 2’-deoxy-D-ribopyranosides of adenine, uracil, and cytosine. Initial experiments 
with these aims in view, undertaken with 2 : 8-dichloroadenine, have given only very low yields 
of crystalline products; it seems possible, however, that these difficulties may be overcome by 
modifying the reaction conditions or by the use of a more reactive purine silver derivative. 
Experiments to this end will be continued. 


EXPERIMENTAL, 


Triacetyl 2-Deoxy-p-ribopyranose.—2-Deoxy-p-ribose (1 g.), prepared according to Levene and 
Mori (J. Biol. Chem., 1929, 88, 803), was kept overnight at 0° with pyridine (12 c.c.) and acetic anhydride 
(5 c.c.). After addition of alcohol, solvents were removed under reduced pressure, the residue was 
dissolved in chloroform, washed with water, sodium hydrogen sulphate, and sodium hydrogen carbonate 
solutions, and dried, and the solvent again evaporated under reduced pressure. Distillation of the 
residue at 180° (bath temp.) /0-1 mm. gave the triacetyl derivative as a ie yellow syrup (1-4 g.; 72%); 
[a]}’ —52-5° (c, 2-5 in chloroform) (Found: C, 50-0; H, 6-0. C,,H,,O, requires C, 50-7; H, 6-2%). 

3’: 4’-Diacetyl 2’-Deoxy-D-ribopyranosidotheophylline-II.—The above triacetyl derivative (1-4 g.) 
was kept at 0° with ethereal hydrogen chloride (25 c.c., saturated at 0°) for 4 days, and the solution 
evaporated under reduced pressure first alone and then with dry benzene. The dark residue was heated 
under reflux for 4 hours with xylene (50 c.c.) containing dry, finely-divided theophylline silver (3 g.), 
the liquid filtered, and the cooled filtrate treated with a large volume of light petroleum (b. p. 40—60°). 
Crystallisation of the gummy precipitate from alcohol gave theophylline and 3’ : 4’-diacetyl 2’-deoxy-p- 
ribopyranosidotheophylline-II (15 mg.). The latter had m. p. 207—208°, undepressed on admixture 
with an authentic specimen pre as described below. 

3’: 4’ : 6’-Triacetyl 2’-Deoxy-D-glucopyranosidotheophylline.—A solution of triacetyl p-glucal (4 g.) 
in dry benzene (30 c.c.) containing benzoyl peroxide (50 mg.) was saturated with hydrogen bromide at 
15°, the solvent removed under reduced pressure, and the residue evaporated under reduced pressure 
at 30° with benzene. The syrupy product was heated at 100° for 30 minutes with a suspension of dry 
theophylline silver (4-5 g.) in dry xylene (60 c.c.), the mixture filtered, and the residual silver bromide 
washed with warm xylene. The combined filtrate and washings, on being cooled and diluted with light 


petroleum, gave a gummy ——— which when dissolved in benzene and kept overnight deposited a 
e. 


small quantity of theophy Evaporation of the benzene solution and crystallisation of the residue 
from alcohol gave the triacetyl deoxyglucoside as needles, m. p. 188°, [a]? 0° (c, 1-15 in chloroform) (2-33 g., 
34%) (Found, in material dried at 110°/1 mm.: C, 50-3; H, 5-5; N, 12-8. C,,H,,O,N, requires 
C, 50-4; H, 5-3; N, 12-4%). When the experiment was r ted without adding benzoyl peroxide 
during the addition of hydrogen bromide, the yield of triacetyl deoxyglucoside was 23%; when quinol 
was added instead of benzoyl peroxide, the yield was 19%. 
2’-Deoxy-p-glucopyranosidotheophylline.—The above triacetyl deoxyglucoside (1 g.) was kept at 0° 
for 4 days with methanolic ammonia (70 c.c., saturated at 0°), the solution evaporated under reduced 
pressure, and the residue crystallised from water. The deoxyglucoside ted in plates (0-4 g., 56%), 
m. p. 220° (decomp.), [a]}§ —27° (c, 0-95 in water) (Found, in material dried at 110°/1 mm.: C, 48-1; 
H, 5-7; N, 17-5. Calc. for cy 120eN,: C, 478; H, 5-5; N, 172%). Material prepared by the 


method of Levene and Cortese (Joc. cit.) had m. p. 238—241° (decomp.), [a]}i —27-4° (c, 0-97 in water). 
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The m. p. behaviour of this compound appears, as Levene and Cortese observed, to be of little value for 
identification ; acetylation of material prepared by their method. gave a triacetyl derivative 
the m. p. of which was identical with that of material described above, and undepressed in admixture 
with it. 

Condensation of Crude 1-Chloro 3: 4-Diacetyl 2-Deoxy-p-ribose with Theophylline Silver—Diacety| 
D-arabinal was prepared from D-arabinose in a yield of 43% by an application of the procedure used by 
Iselin and Reichstein (Helv. Chim. Acta, 1944, 27, 1148) for the preparation of diacetyl rhamnal. A 
portion (3 g.) was dissolved in benzene (20 c.c.) and saturated with hydrogen chloride at room temperature 
solvents were removed, and the syrup evaporated under diminished pressure with dry benzene. The crude 
syrupy l-chloro 3 : 4-diacetyl 2-deoxy-D-ribose so obtained was heated at 100° with a suspension of 
dry theophylline silver (5 g.) in xylene (50 c.c.) for 3 hours, and the solution filtered, cooled, and diluted 
with light petroleum (300 c.c., b. p. 40—60°). The gummy precipitate, when dissolved in benzene 
(120 c.c.) and set aside overnight, deposited a small quantity of theophylline; the residue left by 
evaporation of the benzene, when dissolved in alcohol and the solution set aside for some time, gave a 
crystalline mass. The crystals were collected (1-82 g.) and extracted with cold benzene (30 c.c,); 
evaporation of the extract and crystallisation from alcohol then gave 3’: 4’-diacetyl 2’-deoxy-p-ribo- 
pyranosidotheophylline-I as needles (1-29 g.; 23%), m. 3 152°, [a]? —63° (c, 1-4 in chloroform) (Found, 
in material dried at 110°/1 mm.: C, 50-8; H, 5-5; N, 15-1. C,.H,O,N, requires C, 50-5; H, 5:3; 
N, 14:7%). The residue from the benzene extraction gave on recrystallisation from alcohol 3’ : 4’-dj- 
acetyl 2’-deoxy-p-ribopyranosidotheophylline-II as long prims (0-17 g.; 3%), m. p. 208°, [a]}® +651° 
(c, 0-78 in chloroform) (Found, in material dried at 110°/1 mm.: C, 50-6; H, 5-0; N, 14-8%). 

Exactly similar results were obtained when hydrogen bromide was added to diacetyl pD-arabinal in 
benzene in the presence of added benzoyl peroxide, and the product condensed with theophylline silver 
as described above. 

2’- Deoxy-v-ribopyranosidotheophylline-I.—3’ : 4’-Diacetyl 2’-deoxy-p-ribopyranosidotheophylline-I 
(200 mg.) and methanolic ammonia (5 c.c., saturated at 0°) were kept together at 0° over-night, the 
solvent removed under diminished pressure, and the residue recrystallised from alcohol. The 
deoxyriboside was obtained as needle clusters (105 mg.; 68%), m. p. 212°, [a]j? —9° (c, 1-54 in water) 
(Found, in material dried at 110°/1 mm.: C, 48-7; H, 5-4; N, 18-6. C,,H,,O,N, requires C, 48-7; 
H, 5-4; N,18-9%). The compound gave a purple-brown colour in the Keller—Kiliani test, and a vivid 
blue colour with the Dische diphenylamine reagent. After it had been kept for 27 hours with sodium 
metaperiodate solution, 1-23 mols. of oxidant per mol. of glycoside were consumed; this value was 
unchanged after a further 14 hours, and the rotation of the solution showed the dialdehyde produced 
to have [a]}} —42-5°. When the deoxyriboside was hydrolysed with 0-01N-hydrochloric acid at 100°, 
the optical rotation became constant after 80 minutes; the value then corresponded to [a]j® —42° for 
the liberated 2-deoxy-pD-ribose. 

2’-Deoxy-p-ribopyranosidotheophylline-II.—The corresponding diacetate (0-13 g.) and methanolic 
ammonia (5 c.c., saturated at 0°) were kept together for 4 days at 0°, and the deoxyriboside isolated by 
evaporation of the solvent under reduced pressure. It separated from alcohol as needles (80 mg.), 
m. p. 190°, [a]}® —21-5° (c, 0-93 in water) (Found, in material dried at 110°/1 mm.: C, 48-9; H, 5-3; 
N, 19-1. C,,H,,O,N, requires C, 48-7; H, 5-4; N, 18-9%). In the Dische and Keller—Kiliani reactions 
it showed behaviour as described above for the isomeric deoxyriboside. After it had been kept for 
24 hours with sodium metaperiodate, 1-05 mols. of oxidant per mol. of glycoside were consumed; the 
dialdehyde produced had [a]j} +43° (calculated from the rotation of the solution). When the 
deoxyriboside was heated with 0-01N-hydrochloric acid, the optical rotation of the solution became 
stationary after 90 minutes, corresponding then to [a]}® —43° for the liberated deoxyribose. 

2-Chloro 3’ : 4’-Diacetyl Pentosidotheophyllines.—A solution of diacetyl p-arabinal (5-4 g.) in carbon 
tetrachloride (30 c.c.) was treated with a slight excess of chlorine at 10°, the solvent removed under 
reduced pressure, and the residue evaporated twice under reduced pressure with benzene. The syrupy 
product was heated under reflux for 2} hours with xylene (80 c.c.) containing suspended theophylline 
silver (8-5 g.), the precipitated silver chloride collected and washed with xylene, and the combined xylene 
solutions diluted with light petroleum (500 c.c., b. p. 40—60°). The powdery precipitate was collected 
and crystallised from methanol (50 c.c.). The first crop of crystals gave on recrystallisation from 
methanol-ethanol 2-chloro 3’ : 4’-diacetyl D-arabopyranosidotheophylline-I1 as small prisms (1-5 g.; 13%), 
m. p. 233°, [a]}® +31° (c, 1-25 in chloroform) (Found, in material dried at 110°/1 mm.: C, 46-4; H, 4-9; 
N, 13-2. CygH,,0,N,Cl requires C, 46-3; H, 4-6; N, 13-5%). Evaporation of the methanolic mother- 
liquors to small bulk and recrystallisation from methanol-ethanol gave form-I as plates (0-8 g., 7%), 
2. p. 8%), [a]}6 —58° (c, 2-69 in chloroform) (Found, in material dried at 110°/1 mm. : C, 46-9; H, 45; 

, 13-8%). 

2’-Chloro v-Ribopyranosidotheophylline-I.—The corresponding diacetate (1 g.) and methanolic 
ammonia (50 c.c., saturated at 0°) were kept together at 0° for 2 days, the solvent removed under 
reduced pressure, and the residue crystallised from water, giving the 2’-chloro p-riboside as needles 
(0-62 g.; 78%), m. p. 230°, [a]}® —71-5° (c, 0-78 in water) (Found, in material dried at 110°/1 mm.: 
C, 44-0; H, 4-4; N, 17-0. C,,H,,0,N,Cl requires C, 43-6; H, 4-5; N, 16-9%). 

Reductive Dehalogenation of 2’-Chioro v-Arabopyranosidotheophylline-II.—The chloro compound 
(0-95 g.), dissolved in 0-04N-sodium hydroxide (100 c.c.), was hydrogenated at atmospheric temperature 
and pressure in the presence of —- barium sulphate (0-7 g.). After 7 hours hydrogenation was 
complete, and the solution was filtered, neutralised with hydrochloric acid, and evaporated to dryness 
under reduced pressure. Acetylation of the residue with pyridine—acetic anhydride in the usual manner 
gave a product which on recrystallisation from alcohol gave as the first crop 3’ : 4’-diacetyl 2’-deoxy-D- 
ribo: osidotheophylline-II (0-13 g.), identical with material prepared as described above. The 
mother-liquors, on being concentrated, gave a second crop of crystals consisting of 2’ : 4’-diacetyl 
3’-deoxy-pD-ribopyranosidotheophylline-II (285 mg.), which formed needles, m. p. 151—152°; in admixture 
with a specimen of 3’ : 4’-diacetyl 2’-deoxy-p-ribopyranosidotheophylline-I of m. p. 152°, it had m. p. 
128—130° (Found, in material dried at 110°/1 mm.: C, 50-6; H, 5-2; N, 14-6. C,,H .O,N, requires 
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C, 50-5; H, 5-3; N, 14-7%). In a second experiment, in which the 2’-chloro arabinoside (0-42 g.) 
was reduced by means of a more active catalyst, a of hydrogen was complete in 3 hours, and 
the yields of the diacetyl 2’-deoxyriboside and diacetyl 3’-deoxyriboside were respectively 0-14 g. and 


008 Deoay-v-ribopyranosidetheophylline-II.—The above diacetyl compound (0-21 g.) was deacetylated 
with methanolic ammonia in the usual manner, and the product crystallised from alcohol, giving the 
3’-deoxyriboside in needles, m. p. 195°, [a]j! —25° (c, 1-52 in water) (Found, in material dried 
at 110°/1 mm.: C, 48-4; H, 5-4; N, 18-9. C,,H,,O,N, requires C, 48-7; H, 5-4; N, 189%). On 
treatment with sodium metaperiodate it consumed 0-14 mol. of oxidant per mol. of glycoside in 24 hours. 

Action of Sodium Methoxide on the Isomeric 2’-Chloro Diacetyl Pentosidotheophyllines.—(a) On 2’-chloro 
3’: 4’-diacetyl D-ribopyranosidotheophyliine-I. The diacetyl compound (207 mg.) was kept overnight 
at room temperature with chloroform (3 c.c.) and methanolic sodium methoxide (0-55 c.c. of 10%), the 
solution evaporated to dryness under reduced pressure at 20°, and the residue dissolved in water and 
neutralised with acetic acid. Concentration of the solution gave 2’-chloro p-ribopyranosido- 
theophylline-I (107 mg.), m. p. 227°, undepressed in admixture with authentic material. No evidence 
of the presence of any anhydro-compound could be obtained. 

(b) On 2’-chloro 3’ : 4’-diacetyl Ap tag Cg ee aes naar ge The diacetyl compound (207 mg.), 
treated exactly as described above for the isomeric compound, gave 2’ : 3’-anhydro-D-ribopyranosido- 
theophylline-II (58 mg.), which separated from 80% alcohol as needles, m. p. 212°, [a)}? +40° (c, 1-11 in 
water) (Found, in material dried at 100°/1 mm.: C, 49-2; H, 4-4; N, 19-2. C,,H,,0,N, requires 
C, 49-0; H, 48; N, 19-1%). 

We thank Professor A. R. Todd, F.R.S., for his interest in this work, and the Department of Scientific 
and Industrial Research for a Research Assistant’s Grant which enabled one of us (J. D.) to take part in 
this investigation. , 
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532. Reduction by Dissolving Metals. Part VI. Some Applications 
in Synthesis. 
By A. J. Brrcw and S. M. MuKHeErjr. 


By making use of the reducing properties of solutions of sodium and ethanol in liquid 
ammonia, (+)-compounds are synthesised corresponding to the formule assigned to a-, B-, 
and y»curcumene, (II), (III), and (VI), piperitone (X), and carvenone (XI). Hexestrol 
di-(2-hydroxyethyl) ether gives rise to 3 : 4-di-(4-ketocyclohex-l-enyl)hexane (VIII), and the 
glyceryl ethers of a-cestradiol or cestrone to «@stra-5(10)-en-17(B)-ol-3-one (IX). Some 
general conclusions are drawn as to the utility of the reagent in synthetic work. 


METHODS employing reduction by dissolving metals have with a few very notable exceptions 
been neglected during recent years in favour of catalytic methods. They have unique pro- 
perties in some cases, however, and the present communication is the first of a series attempting 
to define some of the advantages and limitations in synthetic work of the most powerful of such 
methods employing alkali metal—alcohol—liquid ammonia solutions. These reagents have 
already been studied, chiefly from a theoretical point of view, in Parts I—V of this series (J., 
1944, 403; 1945, 809; 1946, 593; 1947, 102, 1642). 

Although the reagents can be used for the reduction of ketones, esters, nitro-compounds, 
and other easily reducible substances, they rarely show advantages in such cases over more 
conventional reagents, and may be disadvantageous; ¢.g., amides and sometimes hydrocarbons 
are by-products in the reduction of esters. Occasionally, advantage may result from the ease 
of isolation of the product from the volatile ammonia; and partly reduced compounds may be 
obtainable because of the low temperature, or because of the formation of stable salts which 
protect them from further reduction. Lack of steric hindrance, e.g., in the reduction of phenyl- 
substituted ethylenes, and stereochemical specificity, ¢.g., the formation of trans-ethylenes from 
acetylenes, are other characteristics. However, it is a delicate matter to crack a nut with a 
sledge-hammer, and inadvisable if a nut-cracker is available. 

The reagents would appear to be of greatest use where their combination of power and 
specificity can be brought into play, notably in the reduction of benzene rings to the dihydro- 
derivatives, and in the hydrogenolysis of certain benzyl and allyl alcohols. The following 
ne of a-, 8-, and y-curcumene, (II), (III), and (VI) respectively, illustrate some points 
of interest. 

The specific reduction of a conjugated system (even an aromatic one) without that of an 
isolated double bond makes possible reduction of the benzene ring without touching the side 
chain; and the fact that hydrogenolysis of the alcohol (I; R = Me) to a-curcumene (II) proceeds 
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far more readily than the reduction of the ring, permits the isolation of «-curcumene almost 
uncontaminated by (--)-8-curcumene (III). In any case, traces of (III) can be re-oxidised to (II) 
by means of lead tetra-acetate, which is a smooth reagent for converting «3-dihydrobenzenes 
into benzenes (Criegee, Annalen, 1930, 481, 236; Birch, unpublished work). The reduction 
of «-curcumene (II) to 8-curcumene (III) recalls the formation of y-terpinene from p-cymene 
(Part I, loc. cit.), and can be accomplished by a large excess of reducing agent. The positions 
assigned to the added hydrogen atoms follow from the orientation rules already enunciated 
{Part I) and confirmed by all subsequent work. 

Reduction of the alcohol (I; R = OMe) would result chiefly in hydrogenation of the aromatic 
ring without removal of the hydroxyl group, because benzyl alcohols are hydrogenolysed only 
to a minor extent if they contain a powerful electron-donor group in the p-position (Birch, 
unpublished work). Accordingly, it was necessary to dehydrate the compound, and it was 
then possible to reduce the resulting double bond because of its conjugation with the aromatic 
ring. Reduction of the ring in the product and acid hydrolysis then gave the ketone (V), 
This is formulated as fy-unsaturated because of its lack of a light-absorption maximum in the 


Me HO, Me 
7 MsBr + o% 


RK) 


CMe, 


Me 


CH Cc 
(Y at de a) 
of an Me/\ / 


CMe, 
(V.) 


range 2200—2800 a. (cf. the formation of 4-methylcyclohex-3-enone from p-tolyl methyl ether, 
Part III, loc. cit.). 
In all these compounds, natural and synthetic, the position of the side-chain double bond in 
@ propenyl or isopropylidene group is subject to the usual uncertainty with terpenes. In the 
synthetic substances it depends on the constitution of the methylheptenone employed, which 
is probably mostly the isopropylidene derivative. 
. Derivatives, m. p. 
Nitrol- 
Sesquiterpene. B. p. Np. Nitrosate. benzylamine. 
a-Curcumene, (—)-natural * 137°/17 mm. 1-4989 /20° 101° 104—105° 
(+)-synthetic * 134°/16 mm. 1-5002/20° 114 —_ 
(+)-synthetic + 140°/19 mm. 1-5014/20° 115—116 75 
Trihydrochloride. 
f-Curcumene, (—)-natural * 142°/19 mm. 1-491/20° 84—85° 
(+)-synthetic Tf 142—143°/18 mm. 1-4937 /21° 66—67 


U.V. Absorption. 
y-Curcumene, (+)-natural t 94°/3 mm. 1-4975/25° 2670 A. (max. 3500) (cyclohexane) 
(+)-synthetic ft 135°/15 mm. 1-4956/20° 2650 A. (Emax. 2900 )(methanol) 


* Simonsen ¢é¢ al., loc. cit. Tt This paper. } Batt and Slater, Joc. cit. 
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The structures (II) and (III) assigned to «- and $-curcumene on the basis of evidence from 
degradations and a synthesis of (+)-«-curcumene, appear to be firmly established (Rao and 
Simonsen, J., 1928, 2496; Carter, Copp, Rao, Simonsen, and Subramanian, J., 1939, 1504; 
Carter, Simonsen, and Williams, J., 1940, 451). Nevertheless, the natural compounds are 
optically active, so that their derivatives and those of the (+)-synthetic compounds are not 
jdentical. The general resemblance is evident however (see Table). A partial synthesis of 
optically active -curcumene could be carried out by reduction of the natural a-curcumene. 

The assigned disposition of the conjugated double bonds in y-curcumene (Batt and Slater, 
this vol., p. 838), although probably correct, is not quite certain. It is favoured by the close 
resemblance between the natural and synthetic compounds (see Table), and could probably 
be determined definitely by the method of Alder and Rickert (Ber., 1937, 70, 1364). 

In default of (+)-compounds from natural sources, it may be possible to racemise the 
optically active curcumenes by the action of potassium amide in liquid ammonia (cf. Part V 
and unpublished work) because the asymmetric carbon atom in each case possesses a hydrogen 
in an allyl or benzyl position. Comparisons of infra-red absorption spectra should in any 
case be decisive. 

The reduction of «-curcumene (II) to B-curcumene (III) illustrates one of the chief difficulties, 
viz., Slow reaction because of insolubility in ammonia. With reductions not requiring alcohol 
this limitation is often not serious, but in the presence of alcohol, as here, evolution of gaseous 
hydrogen is an important competing reaction, and a large excess of reducing agent is necessary. 
That reduction does take place indicates that hydrocarbons up to C,,,, can react despite a 
comparatively unfavourable substitution of the benzene ring (cf. Birch, Faraday Soc. Discussion, 
1947, 2, 249). The presence of oxygen in a molecule often increases solubility, and (IV) can 
be reduced without undue difficulty. 

An example of extreme insolubility is hexcestrol dimethyl ether (VII; R = Me), which 
has not so far been reduced despite repeated attempts under varying conditions and with 
mixed solvents. The high solubility of alcohols in liquid ammonia led to the expectation that 
2-hydroxyethyl or glyceryl ethers would be more soluble than the methyl ethers. Hexestrol 
di-(2-hydroxyethyl) ether (VII; R = CH,°CH,°OH) is fairly soluble and readily reduced (cf. 
Birch and Mukherji, Nature, 1949, 163, 766), giving, after acid hydrolysis, 3 : 4-di-(4-keto- 
cyclohex-l-enyl)hexane (VIII). The constitution of this as the fy-unsaturated ketone was 
demonstrated by its lack of an absorption maximum in the range 2200—2800 a. The glyceryl 
ether of «-cestradiol or cestrone by the same treatment gave rise to what is probably e@stra- 
5(10)-en-17(8)-ol-3-one (IX). These ketones are being tested for androgenic activity. 


Et . Ft Bt 
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(VII.) (VIII.) 


a-CEstradiol glyceryl ether is much more strongly adsorbed on alumina than (IX) and the 
substances are therefore easily separated. This strong adsorption is probably due to the extra 
hydroxyl groups, and should therefore be displayed by similar compounds. With the lower 
molecular-weight compounds the hydroxylated ethers have the advantage of a boiling point 
high in comparison with that of the ketone produced in the acid hydrolysis, thus permitting 
ready purification of this ketone by distillation. Thymyl methyl ether has already been reduced 
(Part I, Joc. cit.) and the hydrolysis product shown to contain (+)-piperitone (X), but it was 
difficult to isolate the ketone in a state of purity. This was easily accomplished from the 
reduction product of thymyl 2-hydroxyethyl or glyceryl ether. Carvenone (XI) was similarly 
prepared from carvacryl 2-hydroxyethyl ether. 

Another synthesis of carvenone is as follows : 
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Reduction of the ring is facilitated in this case by the presence of only one alkyl group, and the 
formyl derivative can be isolated in a state of purity because of the solubility in water of its 
sodium salt. 

Other aspects of the subject, including the protection of active groups and the use of the 
reagents in the examination of some natural products, will be considered in a later publication, 


EXPERIMENTAL, 


2-p-Tolyl-6-methylhept-5-en-2-ol (I; R = Me).—To the Grignard reagent from p-bromotoluene (20 g) 
in ether (150 c.c.) was added methylheptenone (from citral, purified over the bisulphite compound, 
15 g.) with ice-cooling. The mixture was decomposed with aqueous ammonium acetate, and the 
ethereal layer separated, dried, and distilled. A fore-run and a higher boiling residue were rejected; 
the carbinol (I; R = Me) (12-5 g.) distilled as a colourless, somewhat viscous oil, b. p. 110°/0-35 mm., 
with a sweet odour (Found: C, 82-2; H, 9-4. C,,H,,O requires C, 82-6; H, 10-1%). 

(+)-a-Curcumene.—A mixture of the above carbinol (8-5 g.), ethyl alcohol (10 g.), and ether (29 
c.c.) was stirred into ammonia (300 c.c.), and sodium (5 g.) added gradually. The mixture was cautiously 
decomposed with water (200 c.c.), and the product (II) collected with ether, dried (K,CO;), and distilled 
over sodium. It was a colourless oil (6 g.), vy 140°/19 mm., n?} 1-5014 (Found: C, 88-9; H, 10-9, 
Calc. for C,;H,,: C, 89-1; H, 109%). Treated for a short time with lead tetra-acetate in acetic acid, 
it was recovered unchanged. The nitrosate was obtained as tiny colourless needles (from chloroform- 
alcohol), m. p. 115—116°; the nitrolpiperidine formed colourless needles (from alcohol), m. p. 129— 
130° (Found: C, 76-2; H, 10-1. CyoH;,ON, requires C, 76-0; H, 10-1%); and the nitrolbenzylamine 
formed colourless needles (from alcohol), m. p. 75° (Found: C, 77-9; H, 8-4. CgsH ON, requires 
C, 78:1; H, 8-9%). The best derivative for characterisation appears to be the nitrolpiperidine. 

(+)-B-Curcumene (III).—(+)-a-Curcumene (5 g.) was reduced with sodium (5 g.) and alcohol (15 g.) 
in ammonia (300 c.c.). The product (4-6 g.) had b. p. 141—143°/18 mm. and n} 1-4945. It still 
contained a-curcumene, since it gave rise to the nitrolpiperidine in small yield. The reduction was 
repeated, sodium (10 g.), alcohol (25 g.), and ammonia (400 c.c.) being used, and the (+)-8-curcumene (4 g.) 
had b. p. 142—143°/18 mm. and nit 1-4937 (Found: C, 88-6; H, 11-5. C,,H,, requires C, 88-2; 4 
11-8%). The trihydrochloride was prepared according to Simonsen and his co-workers (/oc. cit.) as 
clusters of elongated prisms from a little chilled light petroleum (b. p. 40—60°) ; m. p. 66—67° (Found: 
Cl, 33-8. C,,H,,Cl, requires Cl, 34-0%). 

2- pape pee ae oy : 5-diene (IV).—To the Grignard reagent from -bromoanisole 
(40 g.) in ether (200 c.c.) was added methylheptenone (27 g.) in ether (50 c.c.) with ice-cooling. The 
mixture was heated under reflux on the steam-bath for 2 hours and decom: with aqueous ammonium 
acetate. The ether layer was dried (K,CO,) and distilled under redu pressure in the presence of a 
crystal of iodine. The distillate was washed with sodium thiosulphate solution and redistilled, giving 
the diene (IV) as a colourless, viscous oil with a sweet odour (37 g.), b. p. 160—161°/13 mm. (Found: 
C, 82-6; H, 9-4. C,s;H  O requires C, 83-3; H, 9-2%). 

6-(4-Ketocyclohexenyl)-2-methylhept-2-ene (V).—The above heptadiene (13 g.) was reduced in am- 
monia (750 c.c.) with sodium (18-4 g.) and alcohol (55 g.). The product gave two fractions: (i) b. p. 
125—135°/13 mm. (3 g.), and (ii) b. p. 148—155°/13 mm. Fraction (i) redistilled mostly at 120— 
122°/13 mm., and is probably 6-cyclohexenyl-2-methylhept-2-ene (Found: C, 87-1; H, 12-9. C,H 
requires C, 87-5; H, 12-5%). Fraction (ii) was heated on the steam-bath with aqueous sulphuric acid 
(30 c.c., 5%) for 30 minutes, and the product taken up in ether and converted into the derivative with 
sodium bisulphite. This was well washed with ether and decomposed with cold sodium hydroxide 
solution (5%). The 6-(4-ketocyclohexenyl)-2-methylhept-2-ene (5-5 g.) was taken up in ether, dried 
(K,CO,), and distilled; b. p. 150—152°/13 mm. (Found: C, 81-3; H, 10-6. C,,H,,O0 requires C, 81-5; 
H, 10:7%). The semicarbazone crystallised as prisms from dilute methanol, m. p. 114° (Found: C, 
68-0; H, 10-0; N, 15-0. C,;H,,ON,; requires C, 68-4; H, 9-5; N, 15-9%). 

(+)-y-Curcumene.—To the Grignard reagent from methyl iodide (14 g.) in ether (50 c.c.) was added 
the above ketone (9-8 g.) with ice-cooling. After an hour, the mixture was heated under reflux for 
30 minutes, decomposed with aqueous ammonium acetate, and the ether layer separated and dried 
(K,CO,). | Distillation gave 6-(4-hydroxy-4-methyicyclohexenyl)-2-methylhept-2-ene as a colourless, 
rather viscous oil (8 g.), b. p. 147—148°/10 mm. (Found: C, 81-0; H, 12-2. C,,;H,,O requires C, 81-1; 
H, 11-7%). It was dehydrated in two ways. 

(i) Thionyl chloride (freshly distilled over linseed oil, 3-6 g.) was slowly added to the carbinol (45 
g.) dissolved in dry pyridine (9-5 g.) cooled in ice. The mixture was left for 8 hours, decomposed with 
ice and dilute hydrochloric acid, and the oil collected with ether, dried (K,CO,), and distilled. The 
(+)-y-curcumene was a colourless, terpene-smelling oil (1-8 g.), b. p. 135°/15 mm., nZ? 1-4956, Amex. 
2650 a., em. 2900 (Found: C, 88-0; H, 12-1. C,,H,, requires C, 88-2; H, 11-8%). 

(ii) The carbinol (3 g.) was heated at 175—185° for 15 minutes with 2 moles of phthalic anhydride 
(cf. Schinz and Schappi, Helv. Chim. Acta, 1947, 30, 1483). The product (2-5 g.) had b. p. 132°/13 mm. 
and ?? 1-4850 (Found : C, 87-8; H, 12-0%). 

Hexestrol Di-(2-hydroxyethyl) Ether—Hexcestrol (8-5 g.) was heated under reflux with sodium 
hydroxide solution (400 c.c., Se) until it went into solution. The hot, turbid solution was heated with 
ethylene chlorohydrin (5 moles) at about 80° for an hour. The cold solution was extracted with chloro- 
form, the extract dried (K,CO,), and the solvent removed. The residue was a white solid which, 
crystallised three times from benzene, gave colourless plates (6 g.), m. p. 90—91°, of the ether (Found: 
C, 73-4; H, 7-9. C,H 90, requires C, 73-7; H, 8-4%). 

3: 4-Di-(4-hetocyclohexenyl) hexane.—The above ether (4-5 g.) was dissolved in alcohol (36 g.), and 
the mixture added to liquid ammonia (450 c.c.) to give a clear solution. Sodium (12 g.) was added in 
small pieces as rapidly as was practicable with vigorous stirring. After the blue colour had disappeared, 
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the pasty mass was decomposed cautiously by addition of water (250 c.c.), and the thick oil taken up 
in chloroform. The solvent was removed under reduced pressure and the residue heated under reflux 
with sulphuric acid (100 c.c., 5%) for 30 minutes. The product was taken up in ethyl acetate and 
chromatographed on alumina; the least adsorbed fraction, showing a bluish fluorescence in ultra- 
violet light, formed the major portion of the material From it 3: 4-di-(4-ketocyclohe renyl)hexane 
was C ised by the addition of light petroleum (b. p. 40—60°) to a solution in ether. It formed 
colourless elongated prisms, uc > 132—133° | peemmeget about 120°) (Found: C, 78-6; H, 9-9. C,,H,,O, 

uires C, 78°38; H, 9-5%). e absence of any marked light absorption in the region 2000—2800 a. 
indicated that it is not the af-unsaturated ketone. No crystalline compound could be obtained from 
the later, gummy fractions of the chromatogram. After being left with a 3% solution of sodium in 
ethanol under nitrogen for 8 hours the crystalline solid was converted into a g evidently containing 

unsaturated ketone, ema. 6500 at A 2200 a. Since this work was done, Ungnade and Tucker (/. 

mer. Chem. Soc., 1949, 71, 1381) have published the preparation of the meso- and (+)-af-unsaturated 
diketones, which were obtained as glasses with absorption in the region 2250—2350 a. and weaker 
absorption at 2800—2850 a. : 

Cstra-5(10)-en-17(B)-ol-3-one.—a-CEstradiol (m. p. 173°; 480 mg.) was dissolved in the minimum 
amount of boiling ethanol and added to a solution of sodium hydroxide (2-5 g.) in water (50 c.c.).  a- 
Chlorohydrin (6 g.) was then added, and the solution heated to 80° for 30 minutes under nitrogen. 
Sodium hydroxide (2-5 g.) in a little water and a-chlorohydrin (6 g.) were then added, and heating con- 
tinued for 15 minutes. After cooling, the solution was acidified with acetic acid, extracted with chloro- 
form, and the solvent evaporated. The product was a white solid (430 mg.), m. p. 175—180°. A small 

rtion was crystallised from ethyl acetate-light petroleum (b. p 40—60°) to give a-estradiol 3-(1- 
glyceryl) ether as clumps of colourless needles, m. p. 184—185° (Found: C, 72:3; H, 8-6. C,,Hy0, 
requires C, 72-8; H, 8-6%). : 

The crude material obtained above (400 mg.) was dissolved in warm ethanol (15 c.c.) and added to 
ammonia (400 c.c.) followed by sodium (3 g.). After the colour had disappeared, water (75 c.c.) was 
added, and the ammonia evaporated, finally by boiling. The solution was neutralised to methyl- 
orange by addition of hydrochloric acid (5%), and a further amount of acid added to give a 5% con- 
centration of rs chloride. Ethyl acetate (50 c.c.) was added, and the solution vigorously shaken 
until all the suspended solid had gone into solution. The ethyl acetate was separated, and the aqueous 
solution again extracted with ethyl acetate (50 c.c.). The combined extracts were dried (K,CO,), 
and the solvent removed under reduced pressure. The residual gum solidified, but was difficult to 
purify. It was chromatographed on alumina in ethyl acetate solution. The substance carried through 
the column, which is probably @stra-5(10)-en-17(8)-ol-3-one, formed large prisms on evaporation of the 
solvent. Elution of the column with alcohol gave another substance, which on crystallisation from 
ethyl acetate-light petroleum (b. p. 40—60°) had m. p. 183—184°, undepressed by the starting material. 
(stra-5(10)-en-17(a)-ol-3-one crystallised from ethyl acetate-light ag gay 1 (b. p. 40—60°) as large 
colourless prisms (105 mg.), m. p. 181—182° (Found: C, 78-7; H, 9-7. C,,H,,.O, requires C, 78-8; 
H, 95%). It reacted with 2 : 4-dinitrophenylhydrazine in cold alcoholic sulphuric acid to produce a 
derivative as orange flat plates, m. p. 162—163°, converted by boiling with alcoholic sulphuric acid 
into a dark red crystalline solid, m. p. 180—183° after previous softening. 

The reaction of cestrone with a-chlorohydrin as above gave a crystalline solid which was not closely 
investigated, but which on reduction as above gave the same ketone, m. p. 181—182°, together with 
some a-cestradiol glyceryl ether, m. p. 184—185°. 

Thymyl 2-Hydroxyethyl Ether (cf. Boyd and Marle, J., 1914, 105, 2134).—Thymol (20 g.) was dissolved 
in the minimum amount of sodium hydroxide solution (10%) at about 80°, and to the solution was added 
ethylene chlorohydrin (32 g.) in about 5-g. portions alternating with an approximately ee 
amount of aqueous sodium hydroxide (20%). Ether extraction and distillation gave thymy] 2-hydroxy- 
ethyl ether as a viscous oil (25 g). b. p. 154—158°/0-7 mm. (Found: C, 74:4; H, 9-2. Calc. for 
C,,3H,,0,: C, 74:2; H, 9-3%). yd and Marle (Joc. cit.) give m. p. 53—54°, but the above did not 
solidify after being kept for a short time. 

Thymyl 1-Glyceryl Ether —Thymol (15 g.) was treated as above with glycerol monochlorohydrin 
(35 g.) (cf. Boyd and Marle, J., 1912, 101, 312). Thymyl 1-glyceryl ether (20 g.) distilled at 198— 
202°/20 mm. and solidified on cooling. It crystallised as needles from light petroleum (b. p. 60—80°) ; 
m. p. 56° (Found: C, 69-4; H, 8-9. Calc. for C,s;H,,O,: C, 69-6; H, 8-9%) (Boyd and le, ibid., 
give m. p. 57°). 

Carvacryl 2-Hydroxyethyl Ether.—Prepared from carvacrol in the same way as the corresponding 
thymyl compound, carvacryl 2-hydroxyethyl ether was a viscous oil, b. p. 153—155°/12 mm., which 
solidified; m. p. 50° (Found: C, 74-0; H, 9-2. Calc. for C,,H,,0,: C, 74:2; H, 93%) (Boyd and Marle, 
Joc. cit., give m. p. 51—52°). 

Piperitone—(A) Thymyl] 2-hydroxyethy] ether (22 g.) in alcohol (30 g.) was added to liquid ammonia 
(350 c.c.) and reduced with sodium (15 g.). The resulting 2-(2-hydroxyethoxy)-4-methyl-1-isopropyl- 
cyclohexa-1 : 4-diene distilled as a viscous oil, b. p. 150—152°/10 mm. (Found: C, 73-2; H, 10-1. 
C,,;H,,O, requires C, 73-5; H, 10-2%). This substance (17-5 g.) was heated under reflux with hydro- 
chloric acid (5%) for 20 minutes and the resulting piperitone (14 g.) had b. p. 112°/15 mm. (Found : 
C, 79:0; H, 10-8. Calc. for CyH,,0: C, 79-0; H, 10-4%). It gave a 2: 4-dinitrophenylhydrazone as 
orange-red needles (from benzene-alcohol), m. p. 116°, undepressed by the authentic piperitone derivative. 

_(B) As above, thymyl glyceryl ether (12 g.), alcohol (15 g.), and sodium (7 g.) in ammonia (200 c.c.) 
being used, piperitone (4-6 g.), b. p. 116°/20 mm., was obtained. 

Carvenone.—(A) Carvacryl 2-hydroxyethyl ether was reduced as for the thymyl ether to give 


C, 57-5; H, 5-8. 
- p. 198—200° (Wallach, Ber., 1895, 28, 1960, gives m. 
(B) The action of methylmagnesium iodide in the standard manner on ethyl 3-methoxybenzoate 
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ave rise to 3-methoxyphenyldimethylcarbinol, b. e; 130—132°/12 mm. (Found: C, 72-2; H, 9g 

Eslc. for CyH,,0O,: C, 72-4; H, 8-4%) (cf. Béhal and Tiffeneau, Bull. Soc. chim., 1908, 8, 316). Reduc- 
tion of the carbinol (15 g.) with sodium (5-5 g.) and alcohol (15 g.) in ammonia (300 c.c.) produced 
Seg — (11 g.), b. p. 93°/12 mm. (Found: C, 79-9; H, 9-5. Calc. for ay 
Cc, 80-0; » 39 %)- 

m-Methoxyisopropylbenzene (11 g.) was reduced with sodium (9 g.) and alcohol (25 g.) in ammonia 
(300 c.c.) to give en ee a : 4-diene, b. p. 93—94°/14 mm. (Found: C, 78.9. 
H, 10-7. CyH,,0 requires C, 79-0; H, 10-4%). This diene was hydrolysed by boiling with dilute 
hydrochloric acid (50 c.c., 5%) for 30 minutes, and the gy yet ry (8-5 g.) distilled; 
b. p. 102—104°/20 mm. (Found: C, 77-8; H, 10-2. Calc. for C,H,,0: C, 78-2; H, 101%). The 
2 : 4-dinitrophenylhydrazone crystallised as dark red needles (from ethyl acetate), m. p. 155° (Found: 
C, 56-4; H, 5-6. C,;H,,0,N, requires C, 56-6; H, 5-7%). 

This ketone was methylated through the formyl derivative. Ketone (5 g.)-was slowly added with 
stirring and ice-cooling to a mixture of dry sodium ethoxide (from sodium, 1-0 g.) and ether (40 c.c,) 
with ethyl formate (3 g.). A yellow solid rapidly separated. After 2 hours, ice and water were added, 
the dark red aqueous layer separated and acidified, and the oil taken up in ether. Distillation gave a 

ale yellow oil, b. P- 136°/17 mm. (3-2 g.). This was added to an ice-cold solution of sodium (0-6 g.) 
in alcohol (10 c.c.), followed by methyl iodide (6 g.). After being left for an hour the mixture was heated 
under reflux until the red colour had disappeared (about 2 hours). A solution of sodium hydroxide 
(5 g.) in water (25 g.) was then added, and refluxing continued for an hour. The mixture was poured 
into water (50 c.c.), and the oil taken up in ether and distilled; b. p. 112—114°/20 mm. (Found: C, 
79-1; H, 10-5. Calc. for CyH,,0: C, 79-0; H, 10-4%). It gave a 2: 4-dinitrophenylhydrazone, 
m. p. 165°, undepressed by the derivative obtained in the method (A). 


This work was carried out during the tenure of a Government of India Research Scholarship (S. M. M.) 
and an I.C.I. Research Fellowship and the Smithson Research Fellowship of the Royal Society (A. J. B.) 
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533. Steroids and Related Compounds. Part VI. The Stereochemical 
Configuration and Dehydration of the Isomeric Androstane-3 : 5: 6- 


triol-ones. 
By M. Davis and V. PETRow. 


Oxidation of 38: 5a: 68-triacetoxycholestane * (I; R’ = R’’ = Ac) gives 38: 5a: 68- 

triacetoxyandrostan-17-one (Ia; R’ = R’’ = Ac) identical with the compound obtained 

. from androstane-trans-3 : 5: 6-triol-17-one, the stereochemical configuration of which is thus 
rigidly proved. : 

Dehydration of 38 : 68-diacetoxyandrostan-5a-ol-17-one (Ia; R‘= Ac, R’ = H) with 
thionyl chloride in pyridine gives 38 : 68-diacetoxyandrost-4-en-17-one (Ila; R’ = Ac), 
hydrolysed to the diol which gives (i) androstane-3 : 6: 17-trione (III) on oxidation by the 
Oppenauer method and (ii) androst-4-en-38-ol-6 : 17-dione by oxidation with chromic acid. 

Androst-4-ene-38 : 6a-diol-17-one (IVa; R’ =H) is obtained through a Darzens de- 
hydration of 38 : 68-diacetoxyandrostan-5a-ol-17-one (Va; R’ = Ac) and passes into andro- 
stane-3 : 6 : 17-trione on oxidation with aluminium #ert.-butoxide in the presence of acetone. 


Ox1paTION of cholesterol with hydrogen peroxide leads to the formation of a trans-triol to 
which the stereochemical configuration of a cholestane-38 : 5« : 68-triol (I; R’ = R’” = H) has 
been assigned (Part IV; Ellis and Petrow, J., 1939, 1078). The C,s-hydroxyl group of this 
compound possesses unexpected mobility and may be eliminated in three different ways. By 
dehydration of the triol diacetate with thionyl chloride in pyridine, 38 : 68-diacetoxycholest- 
4-ene (II; R’ = Ac) is obtained (Petrow, Rosenheim, and Starling, J., 1938, 677). Interaction 
of the triol with methanolic hydrogen chloride leads to the formation of the 5-chloro-derivative 
(Windaus, Z. physiol-"Chem., 1921, 117, 155), the dibenzoate of which passes smoothly on 
pyrolysis into the enol-benzoate, 38 : 6-dibenzoyloxycholest-5-ene (Petrow, Rosenheim, and 
Starling, Joc. cit.; Lettre and Muller, Ber., 1937, 70, 1947). This result is best interpreted by 
postulating inversion of configuration at C,,, during replacement of the tertiary hydroxyl 
group by halogen, leading to the formation of a 5(8)-chlorocoprostane-38 : 68-diol, followed by 
“ trans ”’-elimination of hydrogen chloride with the grouping at C,,. Finally, dehydration of 
cholestane-trans-triol diacetate with sulphuric acid in acetic anhydride (Westphalen, Ber., 
1915, 48, 1064) or with potassium hydrogen sulphate in acetic anhydride (Petrow, J., 1939, 
998) leads to the formation of the diacetate of the dextrorotatory ‘‘ Westphalen’s diol” to 


* The nomenclature proposed by Fieser and Fieser (Experientia, 1948, 4, 285; cf. this vol., p. 1672) 
is adopted. , 





[1949] Steroids and Related Compounds. Part VI. 2537 


which the constitution of a 5-methylnorcholest-8(9)-ene-3 : 6-diol has been assigned (Petrow, 
Rosenheim, and Starling, Joc. cit.). Oxidation of cholesterol with potassium permanganate 
or osmic acid, on the other hand, gives rise to a cholestane-cis-triol, identified as cholestane- 
38 : 5a : 6a-triol (V; R’ = H) by Prelog and Tagmann (Helv. Chim. Acta, 1944, 27, 1867), 
who dehydrated it by the Darzens method to cholest-4-ene- 38 : 6a-diol. 

Two similar triols have been obtained in the androstane series. Direct oxidation of dehydro- 
isoandrosterone with hydrogen peroxide (Ehrenstein, J. Org. Chem., 1939, 4, 506), or hydrolysis 
of 38-acetoxy-5a : 6a-epoxy- and 3$-acetoxy-58 : 68-epoxy-etiocholan-17-one (Ushakov and 
Lutenberg, J. Gen. Chem. Russia, 1937, 7, 1821; Ehrenstein, J. Org. Chem., 1940, 5, 544; 
Ruzicka, Grob, and Raschka, Helv. Chim. Acta., 1940, 28, 1518), affords the ¢rans-triol. 
Oxidation of dehydroisoandrosterone with osmic acid gives the cis-isomer (Ushakov and 
Lutenberg, Nature, 1937, 140, 466). These two triolones yield the same androstan-5a-ol- 
3:6: 17-trione on oxidation (Ehrenstein, 1939, Joc. cit.) and thus differ solely in the configuration 
of the hydroxyl group at C,,. On the basis of this observation and from analogy with the 
corresponding cholestanetriols, Ehrenstein (J. Org. Chem., 1948, 18, 214) provisionally assigned 
the constitution of an androstane-38 : 5a : 68-triol-17-one (Ia; R’ = R’” = H) to the tvans-isomer. 

We now find that oxidation of 38 : 5a : 68-triacetoxycholestane (I; R’ = R” = Ac) with 
chromic acid gives a small neutral ketonic fraction from which 38 : 5a : 68-triacetoxyandrostan- 
17-one semicarbazone may be isolated. This compound melts indefinitely and is thus unsuitable 
for purposes of characterisation. On hydrolysis with pyruvic acid with the technique of 
Hershberg (J. Org. Chem., 1948, 13, 542), however, it readily yields 38 : 5«-: 68-triacetoxy- 
androstan-17-one (Ia; R’ = R” = Ac); this and its oxime are identical with the corresponding 
derivatives prepared from the “ trans”’-triol. The stereochemical configuration of the 
“ wans ”-triol, and hence of the cis-isomer, is thus rigidly proved for the first time. We 
observed inter alia that alkaline hydrolysis of (Ia; R’ = R” = Ac) gives 58 : 68-epoxyetiocholan- 
38-ol-17-one, a rather surprising result as 38 : 5a : 68-triacetoxycholestane (I; R’ = R” = Ac) 
furnishes only the 5-monoacetate (I; R’ = H, R” = Ac) under the same experimental con- 
ditions. (Ia; R’ = R” = Ac) thus resembles 3$-acetoxy-68-methanesulphonyloxycholestan- 
5a-ol and the corresponding androstan-17-one which pass into the respective a-oxides on 
treatment with alcoholic potash (First and Koller, Helv. Chim. Acta, 1947, 30, 1454). 
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Earlier work has shown that (I; R’ = Ac, R” = H) is readily converted into 38 : 68- 
diacetoxycholest-4-ene (II; R’ = Ac) by treatment with thionyl chloride in pyridine at 0° 
(Petrow, Rosenheim, and Starling, Joc. cit.). 38 : 68-Diacetoxyandrostan-5a-ol-17-one (Ia; 
' R’ = Ac, R” = H), in contrast, is recovered unchanged after this treatment. However, if a 
large excess of thionyl chloride is used and the mixture is heated under reflux for at least 30 
minutes, a new, levorotatory diacetate, C,,H,,O,, is obtained in yields never exceeding 50%. 
Hydrolysis gives a diol, reconverted into the original diacetate by acetic anhydride. The 
diacetate (but not the diol) gives a blue colour with trichloroacetic acid, but neither compound 
gives a colour with tetranitromethane or the Tortelli-Jaffé reagent. These observations rule 
out its formulation as the enol-acetate of an androstan-3$-ol-6 : 17-dione (cf. Petrow, Rosenheim, 
and Starling, Joc. cit.), the 3-monoacetate of which is known (Ruzicka and Muller, Helv. Chim. 
Acta, 1944, 27, 503), and lead us to assign to it the constitution of a 38 : 68- diacetoxyandrost- 
4-en-17-one (Ila; R’ = Ac). 
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Oppenauer oxidation of androst-4-ene-38 : 68-diol-17-one (Ila; R’ = H) gives androstane. 
3: 16: 17-trione (III), identified by comparison with an authentic specimen prepared by the 
method of Ushakov and Lutenberg (J. Gen. Chem. Russia, 1939, 9, 69). A similar result has 
previously been recorded in the cholestane series by Prelog and Tagmann (loc. cit.). Oxidation 
of (Ila; R’ = H) with chromic acid, however, leads to the formation of a new, «$-unsaturated 
diketo-alcohol, C,,H,,O3, also formed in lower yield in the presence of excess of the oxidising 
agent. This compound must clearly be the hitherto unknown androst-4-en-38-ol-6 : 17-dione 
as it yields an acetate which differs from the 6(8)-acetoxyandrost-4-ene-3 : 17-dione of Ehrenstein 
(J. Org. Chem., 1941, 6, 626). 

Experiments on the Darzens dehydration of 38 : 6a-diacetoxyandrostan-5a-ol-17-one 
(Va; R’= Ac) did not prove very satisfactory. Amdrost-4-ene-38 : 6a-diol-17-one (IVa; 
R’ = H) was ultimately obtained with great difficulty and in low yield. Its oxidation by the 
Oppenauer method gave androstane-3 : 6 : 17-trione (III). 


EXPERIMENTAL. 


M.p.s are corrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. Optical rotations 
were measured in a 2-dm. tube. Activated alumina was used for the chromatographic purifications. 


3B : 5a : 68-Triacetoxyandrostan-17-one (Ia; R’ = R”’ = Ac).—(a) Treatment of 3f-acetoxy-58 : 6p- 
xyztiocholan-17-one with acetic acid gave 3(8) : 5(a)-diacetoxyandrostan-6f-ol-17-one, m. p. 23]° 
(Ehrenstein, loc. cit., gives m. p. 204°), converted into the triacetate (Ia; R’ = R’’ = Ac), m. p. 186°, 
by further acetylation. (0) 3p : 6B-Diacetoxyandrostan-5a-ol-17-one (50 mg.) and toluene-p-sulphonic 
acid (15 mg.) in an excess of acetic anhydride were heated at 100° for 30 minutes, yielding the triacetate, 
m. P. 182—183°, alone or in admixture with an authentic specimen. 
he semicarbazone of (Ia; R’ = R’” = Ac), obtained by heating the above triacetate (100 mg. 
with semicarbazide hydrochloride (500 mg.) and sodium acetate (500 mg.) in ethanol (10 ml.) for 4 
hours, separated from pyridine— or acetone-light petroleum in plates which slowly decomposed between 
180° and 220° according to the rate of heating (Found: N, 8-6. (C,,H;,,0,N, requires N, 8-3%). The 
corresponding oxime, prepared by heating the keto-triacetate (45 mg.) with hydroxylamine hydro- 
chloride (45 mg.) and sodium acetate (70 mg.) in ethanol (3 ml.) for 5} hours, crystallised from ether- 
light petroleum in long needles, m. p. 145—152° (decomp.) (sealed tube) (Found: N, 3-4. C,;H;,0,N 
requires N, 3-0%). 
5B : 68-Epoxyeatiocholan-3f-ol-17-one.—(a) 38 : 5a : 68-Triacetoxyandrostan-17-one (20 mg.) and 
tassium hydroxide (30 mg.) were heated in ethanol (1 ml.) for 15 minutes. Concentration in a vacuum, 


ollowed by dilution with water, gave 58: YS gr ape hey needles, m. p. 166—167°, 


from ether-light petroleum (Found: C, 74-4; 9-6. C,H,,0,; requires C, 75-0; H, 9-3%). 

(b) 38 : 5a-Diacetoxyandrostan-6f-ol-17-one, on hydrolysis as above, gave the same f-oxide, m. p. 
165-5—166°, not depressed in admixture with a sample prepared as in (a) and converted by acetylation 
into the known 3f-acetoxy-58 : 68-epoxyztiocholan-17-one. 

3B : 5a: 68-Triacetoxycholestane.—The following improved method was used. A _ solution of 
38 : 6B-diacetoxycholestan-5a-ol (200 mg.) in acetic anhydride containing toluene-p-sulphonic acid 
(60 mg.) was heated at 100° for 15 minutes, and the mixture diluted with water. Crystallisation of the 
product from aqueous acetone gave 38 : 5a: 68-triacetoxycholestane (150 mg.), m. p. 148—149°, not 
depressed in admixture with an authentic specimen prepared by the method of Hattori (J. Pharm. Soc. 
Japan, 1939, 59, 411, 129). 

Oxidation of 38 : 5a: 68-Triacetoxycholestane.—To a well-stirred solution of the triacetate (100 g.) 
in glacial acetic acid (3 1.) was added, during 6} hours, a solution of chromic acid (155 g.) and concen- 
trated sulphuric acid (72 ml.) in acetic acid (723 ml.) and water (175 ml.). The temperature of the 
mixture rose to 39°. After a further 3} hours the solids which had separated were filtered off and washed 
with ether. The filtrate was diluted with 2—3 volumes of water and extracted with ether (total, 4—51), 
and the washed ethereal extract extracted with sodium hydroxide solution. The oil remaining after 
the removal of the ether, in methanol (100 ml.), was kept overnight at 0° whereupon unchanged tri- 
acetoxycholestane (7-5 g.) separated and was removed. The filtrates were mixed with semicarbazide 
hydrochloride (10 g.) and sodium acetate (10 g.) in methanol (50 ml.), heated under reflux for 3 hours, 
and —— to dryness under reduced pressure, and the residues treated with ether and water and 
filtered from insoluble matter. The ethereal layer was removed and repeatedly treated with water, 
whereupon the semicarbazone of (Ia; R’ = R’’ = Ac) (3 g.) separated at the ether—water interface 
and was collected. The semicarbazone (2-45 g.) was heated with pyruvic acid (2 g.) and sodium acetate 
(1 g.) in water (2 ml.) and acetic acid (10 ml.) for 1 hour. The regenerated ketone separated on pouring 
of the mixture into water. Purification by chromatography in benzene-light petroleum (yield, 335 
mg.), followed by crystallisation from ether-light petroleum, gave 38: 5a : 68-triacetoxyandrostan- 
17-one, m. p. 184—186°, [a]?! —8-55° (c, 0-486 in acetone) (Found: C, 66-5; H, 7-9. Calc. for 
C,;H;,0,: C, 67-0; H, 8-1%), not depressed in admixture with an authentic specimen. The oxime 
had m. p. 145—148° (decomp.) (sealed tube), not depressed in admixture with an authentic specimen. 
Alkaline hydrolysis gave 58 : 68-epoxyztiocholan-17-one, m.p. 166—166-5°, alone or in admixture 
with an authentic specimen. 

3B : 68-Diacetoxyandrost-4-en-17-one (IIa; R’ = Ac).—A solution of 38 : 68-diacetoxyandrostan- 
5a-ol-17-one (680 mg.) in dry pyridine (6 ml.) was treated with redistilled thionyl chloride (670 mg.), 
and the mixture heated under reflux (oil-bath) for 40 minutes. The solution was poured on ice, and 
the product extracted with ether and purified by chromatography in benzene-light petroleum, giving 
38 : 68-diacetoxyandrost-4-en-17-one (50%; m. p. 157—160°) which, after repeated crystallisation from 
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ether-light petroleum or aqueous acetone, formed shiny plates, m. p. 163—164°, [a]}f 55-7°+.-7° (c, 0-3425 
jn chloroform) (Found : C, 70-9; H, 8-2. C,,H,,O, requires C, 71-1; H, 8-3%). 

Androst-4-en-3B : 68-diol-17-one (IIa; R’ = H), obtained by hydrolysis of the foregoing diacetate 
formed prismatic needles, m. p. 269—270°, from acetone—benzene (Found : C, 74-4; H, 9-3. C,)H,,0, 
requires C, 75-0; H, 9-3%). Treatment of the diolone (10 mg.) with benzoyl chloride in pyridine for 
1 hour at 100°, followed by purification of the product by chromatography, gave a dibenzoate, needles 
(from ether—light petroleum); m. p. 174°, giving a greenish-blue colour with trichloroacetic acid. There 
was insufficient material for analysis. When this diolone (50 mg.) in ethanol (2-5 ml.) was heated with 
30% sulphuric acid (0-125 ml.) for 20 minutes under reflux, and the product purified by chromatography 
(1: 1-benzene-light petroleum) and crystallised from light leum, androst-4-ene-3 : 17-dione was 
obtained in very small amount, m. p. 163—165°, not —— in admixture with an authentic specimen 
(cf. cholest-4-ene-38 : 68-diol > cholest-4-en-3-one ; Rosenheim and Starling, J., 1937, 377). 

Oxidation of Androst-4-ene-38 : 6B-diol-17-one.—(a) The diolone (50 mg.) and aluminium {fert.- 
butoxide (200 mg.) in acetone (2 ml.) and benzene (6 ml.) were heated under reflux for 17 hours. After 
being washed with dilute sulphuric acid and water, the solvent was removed. The residue, in benzene- 
light petroleum (1:1), was _—— by gy me Elution of the column with benzene gave 
androstane-3 : 6: 17-trione (III) (10 mg.), needles (after crystallisation from ether), m. p. 191—192°, 
not depressed in admixture with an authentic specimen but lowered to 180° in admixture with androst- 
4-ene-3 : 6 : 17-trione. 

(b) The diolone (45 mg.) in acetic acid (3 ml.) and chloroform (few drops) was treated with chromic 
acid (15 mg.) in 95% acetic acid (0-75 ml.) and kept for 3} hours at room temperature. The solution 
was diluted with ethanol and then evaporated under reduced pressure, and the residue treated with 
water. Extraction with chloroform and ether, followed by chromatography, in benzene-light petroleum, 
of the neutral fraction of the product, gave androst-4-en-3B-ol-6 : 17-dione (16 mg.), colourless needles 
(from ether-light petroleum), m. p. 192—193° (Found: 75-5; H, 8-7. C,sH,,O, requires C, 75-5; 
H, 87%). Some unchanged diolone was also recovered. The ultra-violet absorption spectrum (in 
isopropyl alcoholic solution), for which we are indebted to Dr. R. E. Stuckey and Mr. P. S. Stross, B.Sc, 
(Analytical Dept., The British Drug Houses Ltd.), showed a maximum at 237 mp., E}%, = 432, 
characteristic of an af-unsaturated ketone. 

Treatment of the diketo-alcohol with acetic anhydride in pyridine afforded 38-acetoxyandrost-4- 
ene-6 : 17-dione, needles (from ether-light petroleum), m. p. 200° (Found: C, 73-7; H, 8-5. 
requires C, 73-2; H, 8-2%). 

Androstane-38 : 5a : 6a-triol-17-one (Va; R’ = H).—The following improved method was used 
(cf. Prelog and Tagmann, Joc. cit.). To a solution of androst-5-en-3f-ol-17-one (570 mg.) in dry ether 
(50 ml.) was added a solution of osmic acid (500 mg.) in dry ether (100 ml.) and pyridine (0-5 ml.). 
After three days at room temperature the mixture was evaporated in vacuo and the residue shaken with 
0-1n-potassium hydroxide (50 ml.) containing mannitol (2 g.) for 24 hours. The cis-triolone was 
collected and crystallised from ethyl acetate, m. p. 239—-242°. Yield, 440 mg. 

Androst-4-ene-3B : 6a-diol-1\7-one (IVa; R’ = H).—A solution of 38: 6a-diacetoxyandrostan- 
5a-ol-17-one (80 mg.) in dry pyridine (5 ml.) was treated with redistilled thionyl chloride (0-2 ml.), 
and the mixture heated under reflux (oil-bath) for 45 minutes. The oily product, which gave a blue 
colour with trichloroacetic acid, failed to crystallise and was hydrolysed with potassium hydroxide 
(100 ml.) in boiling methanol (2 ml.) for 25 minutes. Extraction of these alkaline liquors with chloro- 
form (5 times) gave androst-4-en-38 : 6a-diol-17-one, needles (from benzene), m. p. 205—206° (Found : 
C, 74:5; H, 9-3. C,,H,,0, requires C, 75-0; H, 9-3%), not showing a colour with the trichloroacetic 
acid reagent. When the diolone (12 mg.) was heated with 3: 5-dinitrobenzoyl chloride (25 mg.) in 
benzene-pyridine for 15 minutes, and the product purified by chromatography in light petroleum, the 
bis-3 : 5-dinitrobenzoate was obtained, having m. p. 192—-195°, but there was insufficient material for 
analysis. 

Oxidation of Androst-4-ene-38 : 6a-diol-17-one.—The diolone (35 mg.) and aluminium f#ert.-butoxide 
(200 mg.) in acetone—benzene were heated under reflux for 35 hours. The product, after purification 
by chromatography and crystallisation from ether—light petroleum, yielded androstane-3 : 6 : 17- 
trione, m. p. 191—192°, not depressed in admixture with an authentic a. 

38 : 48-Diacetoxyandrost-5-en-17-one, obtained by acetylation of the 4-monoacetate (Petrow, 
Rosenheim, and Starling, J., 1943, 135), formed needles, m. p. 156—158°, from aqueous ethanol 
(Found: C, 71-0; H, 8-1. C,,;H,,0, requires C, 71-1; H, 83%). The compound gave a transient 
blue colour with trichloroacetic acid. 

3B-A cetoxyandrost-5-en-4B-ol-17-one.—The corresponding cis-3 : 4-diol (445 mg.) (Petrow, Rosenheim, 
and Starling, Joc. cit.) in dry pyridine containing 1-1 mols. of acetic anhydride (i.e., 170 mg.) was kept 
at room temperature for 20 hours and finally heated for 10 minutes on the steam-bath. The product 
was purified by chromatography in light petroleum, the first crystalline fractions of the eluates yielding 
3 a«yandrost-5-en-4B-ol-17-one (25 mg.), prisms (from ether-light petroleum), m. p. 163—164° 
(Found: C, 72-6; H, 8-9. C,,H,.O, requires C, 72-8; H, 8-7%), giving a blue colour with trichloroacetic 
acid. Later fractions, eluted by ether—benzene, gave successively an unidentified mixture (35 mg.), 
the 4-monoacetate (144 mg.), unchanged diolone (60 mg.), and an oil (80 mg.). As the 3-monoacetate 
was formed in such low yield experiments on its transformations were abandoned. 


The authors thank the Central Research Fund of London University for a grant, and Drs. A. Wettstein 
and O. Rosenheim, F.R.S., for gifts of dehydroisoandrosterone, received in the early stages of this work 
when the senior author was at Queen Mary College. One of the authors (M. D.) thanks the Department 
of Scientific and Industrial Research for a maintenance grant. 
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534. New Syntheses of Heterocyclic Compounds. Part XI. 
2:9: 10-Triaza-anthracenes. 


By V. Petrow,, J. SAPER, and B. STURGEON. 


Condensation of 4-chloro-3-nitropyridine hydrochloride (I) with 2-nitroaniline gives 3-nitro- 
4-0-nitroanilinopyridine (II), which is then reduced to the diamino-compound (III). Heating 
the dihydrochloride of (III) gives 9: 10-dihydro-2: 9: 10-triaza-anthracene hydrochloride 
monohydrate (cf. IV), from which 2: 9: 10-triaza-anthracene (V) is obtained by oxidation. 
4-Methyl-2 : 9 : 10-triaza-anthracene .is similarly prepared, but attempts to obtain other 
substituted 2: 9: 10-triaza-anthracenes were not successful. 


THE synthesis of a x : 9: 10-triaza-anthracene (azaphenazine) was first recorded by Peratoner 
(Gazzetta, 1911, 41, 662) who. prepared 4-hydroxy-2: 9: 10-triaza-anthracene by direct 
condensation of triketotetrahydropyridine with o-phenylenediamine. Some twenty-five years 
later Tschitschibabin and Kirsanov (Ber., 1927, 60, 766) obtained a 5:6: 7: 8-dibenz-1: 9: 10- 
triaza-anthracene from 2 : 3-diaminopyridine and phenanthraquinone, a reaction subsequently 
applied to 3: 4-diaminopyridine by Koenigs, Bueren, and Jung (ibid., 1936, 69, 2690). More 
recently Petrow and Saper (jJ., 1946, 588) prepared 4-nitro-10-phenyl-9 : 10-dihydro-2 : 9: 10- 
triaza-anthracene (l-nitro-5-phenyldihydro-3-azaphenazine) by removal of the elements of 
nitrous acid from N-phenyl-N’-(3 : 5-dinitro-4-pyridyl)-o-phenylenediamine. None of these 
methods appeared capable of much extension and, in seeking new routes to compounds of this 
type, we turned our attention to the ring closure of aza-2 : 2’-diaminodiphenylamines. 

The conversion of a diaminodiphenylamine into a phenazine was first accomplished by 
Ullmann (Amnalen, 1909, 366, 91), who found that 2: 4-dinitro-2’-aminodiphenylamine-6- 
carboxylic acid underwent ring closure and simultaneous decarboxylation to yield 2-amino- 
phenazine when reduced with stannous chloride in hydrochloric acid. Eckert and Steiner 
(Monatsh., 1914, 35, 1154) extended these observations by examining the reduction of 
2 : 2’-dinitrodiphenylamine with stannous chloride in hydrochloric acid. Their results showed 
that a “ quinhydrone ”’ type of compound composed of phenazine and dihydrophenazine was 
formed, which passed into phenazine on oxidation. The reaction was investigated afresh by 
Tomlinson (J., 1939, 158) who found that the intermediate 2 : 2’-diaminodiphenylamines could 
be isolated and converted into phenazine by mild oxidation with ferric chloride or hydrogen 
peroxide. Essentially the same route was employed by Koenigs and Jung (J. pr. Chem., 1933, 
137, 141) for the preparation of 2: 7:9: 10-tetra-aza-anthracene, but in this case the 
intermediate di-(3-nitro-4-pyridyl)amine (dihydrochloride) was converted into 9: 10-dihydro- 
2:7:9: 10-tetra-aza-anthracene in 97% yield by prolonged heating in a sealed tube at 215°; 
oxidation with hydrogen peroxide or ferric chloride gave the aromatic compound. 


NH 
Os Ee ga" eee 
i }No, + I NY 0, onl } 


(I. i (I1.) 


NH 
CX VAX (‘\* aN 
H, ey | | on pee aa AX Ie , 
mA GY fi 
(III.) (IV.) (V.) 


The behaviour of 3-amino-4-o-nitroanilinopyridine (III) closely followed the above reaction 
pattern. (III) was obtained by condensation of 4-chloro-3-nitropyridine hydrochloride (I) with 
o-nitroaniline in glacial acetic acid, followed by reduction of the resulting dinitro-amine (II) with 
reduced iron in acidulated aqueous methanol. Although yields of (III) as high as 80% were 
sometimes obtained, on other occasions the reductions appeared to fail completely. By 
immediately treating the reduction products in situ with ethanolic hydrochloric acid, however, 
reproducible yields of the dihydrochloride of (III) were readily obtained. Attempts to prepare 
(III) by reducing (II) with aqueous sodium sulphide only gave a nitro-amino-compound. 

Conversion of (III) into (V) by direct oxidation as described by Tomlinson (loc. cit.) was not 
successful. Heating the hydrochloride of (III) in a sealed tube, followed by extraction with 
alcohol, however, readily yielded 9 : 10-dihydro-2 : 9 : 10-triaza-anthracene hydrochloride mono- 
hydrate (cf. IV) in excellent yield. Further work proved the sealed tube to be unnecessary, 
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conversion into the dihydrophenazine taking place on merely heating the hydrochloride of (III) 
to its decomposition point for 2 minutes. Addition of aqueous ammonia to an aqueous solution 
of the hydrochloride of (IV) precipitated an unstable yellow solid which passed smoothly into 
2:9: 10-triaza-anthracene (V) on oxidation with hydrogen peroxide. 

Extension of the method to 3-nitro-p-toluidine (Me = 1) gave 3-nitro-4-(3-nitro-o-toluidino)- 

idine, and thence by reduction and cyclisation etc., 7-methyl-2 : 9: 10-triaza-anthracene. 
9-Nitro-p-anisidine (NH, = 1) gave 3-mitro-4-(2-nitro-p-anisidino)pyridine, reduced to 3-amino- 
4-(2-amino-p-anisidino)pyridine, but preliminary attempts at the ring closure of the 
latter compound proved unsuccessful. 2-Nitro-l-naphthylamine gave 3-nitro-4-(2-nitro-1- 
naphthylamino)pyridine mixed with aceto-2-nitro-1-naphthalide, but the yield was so low as to 
preclude further work. 1-Nitro-2-naphthylamine failed to condense with (I). 


EXPERIMENTAL, 


M. p.s are corrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. 

3-Nitro-4-o-nitroanilinopyridine ee eee hydrochloride (12 g.) (Koenigs and 
Fulde, Ber., 1927, 60, 2107) and o-nitroaniline (8-5 g.) dissolved in glacial acetic acid (80 ml.) were heated 
under reflux for about 5 hours whereafter evolution of hydrogen chloride had ceased. The mixture was 
cooled and made alkaline with aqueous ammonia (d 0-880), and the precipitated solids were crystallised 
from alcohol, giving golden-yellow needles of 3-nitro-4-0-nitroanilinopyridine (45%), m. p. 171-5—173-5° 
(Found: C, 50-5; H, 3-1; N, 21-2. C,,H,O,N, requires C, 50-8; H, 3-1; N, 21-5%). 

3-A mino-4-0-aminoanilinopyridine (Iil):—The forgoing nitro-compound (4 g.), reduced iron (12 g.), 
methanol (25 ml.), water (5 ml.), and concentrated hydrochloric acid (0-5 ml.) were heated under reflux 
for 1 hour. The resulting mixture was extracted with methanol, and the bulked filtrates were 
concentrated until crystallisation commenced. The product formed reddish-brown needles (80%) 
(from aqueous methanol), m. p. 144—146° (Found: C, 66-0; H, 6-6; N, 27-6. C,,H,,.N, requires 
C, 66-0; H, 6-0; N, 28-09%). en ethanolic hydrochloric acid was added to a hot ethanolic solution 
of the base, the dihydrochloride monohydrate separated on cooling; it formed white needles, m. p. 
283—284°, from ethanol (Found: Cl, 24-8. C,,H,,N,,2HCI,H,O requires Cl, 24-4%). 

3-Nitro(or 3-amino)-4-0-amino(or nitro)anilinopyridine.—3-Nitro-4-o-nitroanilinopyridine (2 g.) was 
added in small portions to a hot solution of sodium sulphide (7 g.) in water (40 ml.), and the red solution 
boiled under reflux for 15 minutes. The solids which separated on cooling were collected and crystallised 
from aqueous methanol, giving the nitro-amino-compound in long, thin blood-red needles, m. 
154—155° (Found: C, 57-0; H, 4:5; N, 24-6. C,,H,»O,N, requires C, 57-4; H, 4:3; N, 24-4%). 

9: 10-Dihydro-2 : 9: 10-triaza-anthracene Hydrochloride Monohydrate —The dihydrochloride (1-5 g.) 
of (III) was heated at its decomposition point (283—284°) for 2 minutes. After cooling, the orange 
product was extracted with alcohol, giving 9: 10-dihydro-2: 9: 10-triaza-anthracene hydrochloride 
monohydrate as small red needles (58%) (from ethanol), m. p. 290° (Found: C, 55-7; H, 5-2; N, 17-6. 
C,,Hy)N;Cl,H,O requires C, 55-6; H, 5-1; N, 17-7%). 

2:9: 10-Tviaza-anthracene (V).—Aqueous ammonia (12 ml.; d 0-880) was added to a solution of 
the foregoing hydrochloride monohydrate (1 g.) in hot water (25 ml.). A yellow solid separated which 
soon assumed a characteristic blue colour. It was immediately dissolved by warming the suspension 
with alcohol (20 ml.). Hydrogen peroxide (4 ml. of 100 vol.) was then added to the bluish-green solution, 
and the mixture boiled for a few minutes, the colour changing to dark orange. The mixture was 
evaporated until crystallisation commenced giving 2:9: 10-triaza-anthracene, thick lemon-yellow 
needles (52%) (from light petroleum), m. p. 181—182° (Found: C, 72-7; H, 3-9; N, 23-6. C,,H,N, 
requires C, 72-9; H, 3-8; N, 23-2%). 

3-Nitro-4-(3-nitro-o-toluidino) pyridine.—Prepared (77%) from 4-chloro-3-nitropyridine hydrochloride 
(12 g.) and 3-nitro-p-toluidine (10 g.) under reflux in glacial acetic acid (100 ml.), this compound formed 
orange needles (from benzene), m. p. 195—196° (Found : C, 52-4; H,3-7; N, 20-3. C,,H,.O,N, requires 
C, 52-6; H, 3-6; N, 20-4%). 

3-A mino-4-(3-amino-o-toluidino)pyridine.—The foregoing dinitro-compound (4 g.), reduced iron 
(12 g.), alcohol (30 ml.), water (10 ml.), and ferric chloride (1 g.) were boiled under reflux for 1 hour. 
The resulting mixture was extracted with alcohol, and the product separated from the filtrate after 
evaporation. Crystallisation from alcohol and from ethanol-light petroleum (b. p. 80—100°) yielded 
Sener Sane a eS ae a hydrochloride sesquihydrate (49%), needles, m. p. 276—278° 
(decomp.) (Found: Cl, 12-7. C,,H IN, HCL 1}H,0 requires Cl,12-8%). By treating a concentrated 
aqueous solution of this hydrochloride with sodium hydroxide solution, the base was obtained, needles 
[from ethanol-light petroleum (b. p. 100—120°)], m. p. 161—162° (Found: C, 67-1; H, 6-5; N, 25-9. 
C,,;H,,N, requires C, 67-3; H, 6-5; N, 26-2%). 

7-Methyl-2 : 9 : 10-triaza-anthracene.—The foregoing dihydrochloride (1-8 g.) was heated at its m. p. 
over a naked flame for about 2 minutes. The orange-red product was immediately dissolved in hot 
water (30 ml.) and aqueous ammonia (2 ml.; d 0-880) added. The white solid which separated was 
immediately dissolved in alcohol, hydrogen peroxide (3 ml. of 100 vol.) added, and the dark orange 
mixture evaporated until a black oil began to se te. After cooling the black solids were collected 
and extracted with light petroleum (b. p. 40—60°) giving 7-methyl-2 : 9 : 10-triaza-anthracene, rosettes of 
lemon-coloured needles (from aqueous alcohol), m. p. 148° (Found : C, 73-9; H, 48; N, 21-3. C,,H,N; 
Tequires C, 73-9; H, 4-6; N, 21-5%). 

3-Nitro-4-(2-nitro-p-anisidino)pyridine.—Prepared (46%) by heating 4-chloro-3-nitropyridine hydro- 
chloride (12 g.) and 2-nitro-p-anisidine (10 g.) in glacial acetic acid (100 ml.) under refiux for 5 hours, 
this nitro-compound formed orange needles (from benzene-light petroleum), m. p. 162—163° (Found : 
C, 49-8; H, 3-8; N, 19-4. CygH 990, N, requires C, 49-7; H, 3-4; N, 19-3%). 
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3-A mino-4-(2-amino- misidino)pyridine.—Prepared by reducing the forgoing dinitro-compound 
(1 g.) with reduced iron (3 g.) in niet 15 ml.), water (6 wi ), and ferric chloride (1 t) under reflux for 
1} hours, this compound formed small flat needles [from ethanol-light Pt ame - Pp. 100—120%), 
m. p. 195° (Found: C, 62-6; H, 6-1. C,,H,,ON, requires C, 61-8; 

3-Nitro-4-(2-nitro-1- ‘naphthylamino) pyridine. —2-Nitro-1- shthylamine * 4 g.), 4-chloro-3-nitro- 
pyridine hydrochloride (5-6 g.), and acetic acid (50 ml.) were heated under reflux for 5 hours, and the 
cooled mixture was made alkaline with dilute aqueous ammonia. The precipitated solids were 
fractionated from alcohol, giving 3-mitro-4-(2-nitro-1- on ne Can orange needles (20%) 
(from benzene), m. p. 202-—204° (Found: C, 58-3; H, 17-5. C,sHO,N, requires C, 58-1; 
H, 3:2; N, 181%). The alcoholic mother-liquors yielded aceto-2-nitro-1 “naphthalide, identified by 
its m. p. and mixed m. p. with an authentic specimen. 


The authors thank the Therapeutic Research Corporation of Great Britain Ltd. for grants ang 
certain facilities. 
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535. Methanesulphonyl Derivatives of D-Galactose. 
By A. B. Foster, W. G. OvEREND, M. Stacey, and L. F. Wiceins. 


The preparation is described of some dimethanesulphonyl derivatives of p-galactose in 
which one of the methanesulphonyl groups is attached to the primary hydroxyl group. 
Replacement of the ‘“‘ methanesulphonyloxy ”’ gro’ oy by iodine atoms has been studied. 
Several new derivatives of p-galactose are also reco 


Ir is well established that when a toluene-p-sulphonyl group is attached to a primary 
alcoholic group in aldohexoses (Oldham and Rutherford, J. Amer. Chem. Soc., 1932, 54, 366) 
and aldopentofuranoses (Levene and Raymond, J. Biol. Chem., 1933, 102, 317) the toluene-p- 
sulphonyloxy-group is readily replaced by iodine when the substance is treated under standard 
conditions with sodium iodide in acetone, whilst similar groups attached at other positions are 
unaffected under these conditions. This reaction has been widely used in both synthetic and 
structural studies in the sugar series. In a similar manner, a methanesulphonyl group attached 
to a primary alcoholic group in such sugars also undergoes replacement when treated with 
sodium iodide in acetone. In certain circumstances, however, replacement is possible, by 
similar methods, when the methanesulphonyl group is attached to a secondary hydroxyl group. 
For example, Helferich and Gniichtel (Ber., 1938, 71, 712) report that 1:2: 3: 6-tetra- 
acetyl 4-methanesulphonyl glucose on treatment with sodium iodide in acetone solution affords 
1: 2:3: 6-tetra-acetyl 4-iodo-4-deoxyglucose in good yield. 

Recently we became interested in the latter reaction since it was a potential method of 
synthesis of iodinated deoxy-sugars and thence of other deoxy-sugar derivatives (cf. Newth, 
Overend, and Wiggins, J., 1947, 10; Kent, Stacey, and Wiggins, this vol., p. 1232; Overend 
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and Stacey, ibid., p. 1235). We have now further investigated this reaction by preparing some 
dimethanesulphonyl derivatives of p-galactose having one methanesulphonyl group attached 
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to the primary hydroxyl group of the sugar, and by studying the effect of heating these 
derivatives with sodium iodide in dry acetone. 

a-Methyl-p-galactoside was converted into 3: 4-isopropylidene a-methyl-p-galactoside by 
being shaken with acetone containing a few drops of concentrated sulphuric acid (cf. Wiggins, 
J. 1944, 525). Acetylation of this with acetic anhydride in pyridine afforded crystalline 
9: 6-diacetyl 3: 4-isopropylidene «a-methyl-p-galactoside. In a similar manner -nitro- 
penzoylation yielded the 2 : 6-di-p-mitrobenzoate. When 3: 4-isopropylidene «-methyl-p- 

toside was treated with methanesulphonyl chloride in pyridine it gave 2 : 6-dimethane- 
sulphonyl 3: 4-isopropylidene a-methyl-D-galactoside. The isopropylidene group was removed 

treatment with methanolic hydrogen chloride, 2: 6-dimethanesulphonyl «-methyl-p- 
galactoside (I) being obtained in quantitative yield. With n-sodium hydroxide in ethanol this 
afforded a crystalline methanesulphony! derivative of an anhydromethylhexoside, which was 
shown to be 2-methanesulphonyl 3 : 6-anhydro-a-methyl-D-galactoside (II) since further treatment 
with methanesulphonyl chloride yielded 2: 4-dimethanesulphonyl 3 : 6-anhydro-a-methyl-p- 
galactoside (III), identical with that obtained from 3 : 6-anhydro-a-methyl-p-galactoside (IV) 
(Haworth, Jackson, and Smith, J., 1940, 620). Neither 2-methanesulphony! 3 : 6-anhydro-a- 
methyl-p-galactoside nor 2: 4-dimethanesulphonyl 3 : 6-anhydro-a-methyl-p-galactoside was 
changed when heated at 110—115° for 5 hours with sodium iodide in acetone. 

Treatment of 2: 6-dimethanesulphonyl a-methyl-p-galactoside with sodium iodide in 
acetone at 115° for 30 hours gave sodium methanesulphonate corresponding to 96°4% of that 
required for the complete exchange of one methanesulphonyloxy-group and a product which 
contained iodine and sulphur. The syrupy reaction product subsequently isolated must 
therefore be either 2-methanesulphonyl 6-iodo-a-methyl-6-deoxy-D-galactoside (V) or 6-methane- 
sulphonyl 2-iodo-a-methy]-2-deoxy-p-galactoside. That it was in fact the former was proved by 
treatment of the syrupy product with n-sodium hydroxide in ethanol which led to loss of the 
iodine and the formation of 2-methanesulphonyl 3 : 6-anhydro-a-methyl-p-galactoside (II) in 
65% yield. Thus it is confirmed that replacement of a primary methanesulphonyloxy-group 
by an iodine atom is effected easily but that the corresponding replacement of a secondary group 


Weight of Exchange corr. 
NaOTs or for solubility 


Weight, NaOMs Exchange, of NaOTs or 
° 


Compound. g. formed, g.* 

2: 6-Ditoluene-p-sulphonyl 3 : 4-isopropylidene 

a-methyl-pD-galactoside 1-084 0-058 13-7 17-9 
2 : 6-Ditoluene-p-sulphony] 

oside 1-004 0-370 87-2 91-2 
2: 6-Dimethanesulphonyl 

a-methyl-p-galactoside 0-78 0-022 6-97 8-9 
2: re 


NaOMs, %.* 


0-70 0-201 85 87-5 


D-galac 0-818 0-083 19:6 23-9 
6-Methanesulphonyl 1 : 2-3 : 4-diisopropylidene 
D-galactose 0-676 0-022 9-32 11-9 
6-Toluene-p-sulphonyl p-galactose 0-67 0-275 72-0 76-8 
6-Toluene-p-sulphonyl 3: 4-isopropylidene p- 
1 0-645 0-034 9-25 13-8 


0-480 0-018 8-39 11-2 
* NaOTs and NaOMs = sodium toluene-p- and methane-sulphonate, respectively. 


isnot. In fact the replacement of a secondary methanesulphonyloxy-group under these condi- 
tions does not appear to be a general reaction but is specific for a few compounds only. That 
both primary toluene-p-sulphonyloxy- and methanesulphonyloxy-groups can be quantitatively 
replaced by iodine if the time of heating is sufficiently prolonged was also demonstrated. For 
this purpose, 6-toluene-p-sulphony] 1 : 2-3 : 4-diisopropylidene p-galactose (Freudenberg et al., 
Ber., 1922, 55, 934; 1923, 56, 2119) and 6-methanesulphonyl 1 : 2-3 : 4-diisopropylidene 
D-galactose (Helferich, Dressler, and Griebel, J. pr. Chem., 1939, 158, 285) were prepared. Re- 
moval of the isopropylidene groups from the latter compound gave 6-methanesuphonyl p-galactose 
which was isolated either as the diethyl or the dibenzyl mercaptal. Both 6-toluene-p-sulphonyl and 
6-methanesulphonyl diisopropylidene p-galactose, when heated with sodium iodide in acetone, 
afforded 1 ; 2-3 : 4-diisopropylidene 6-iodo-6-deoxy-p-galactose (Freudenberg and Raschig, Ber., 
1927, 60, 1634) in 91 and 93% yield, respectively. 
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When p-galactal was shaken with acetone containing zinc chloride it gave crystalline 3 : 4-iso. 
propylidene p-galactal. Treatment of this with toluene-p-sulphonyl chloride in pyridine yieldeq 
6-toluene-p-sulphonyl 3: 4-isopropylidene v-galactal and with methanesulphonyl chloride the 
corresponding 6-methanesulphonyl derivative was obtained. Attempts to prepare 3: 4-iso. 
propylidene 6-iodo-6-deoxy-p-galactal from either of these, by treatment with sodium iodide in 
dry acetone, were unsatisfactory. In both cases reaction occurred to a small extent (see below) 
but it was not possible to isolate pure 3 : 4-isopropylidene 6-iodo-6-deoxy-pD-galactal. From these 
experiments it is clear that there is no great difference in the ease of replacement by iodine of 
primary toluene-p-sulphonyloxy and methanesulphonyloxy groups. It is of some interest to 
record that we have observed that in the galactose series an exchange of either of these sulphur- 
containing residues by iodine proceeds only to a small extent (ca. 10%) when the derivative 
carries one isopropylidene group at C,,.C,,, whereas it is almost quantitative (under identical 
conditions) when the protecting group is removed. The compounds listed in the table were 
heated with sodium iodide in dry acetone; all the samples were heated in the same bath for the 
same length of time, and the solutions were equimolecular with respect to each other (see p. 2546), 
The extent of the exchange reaction was determined by weighing the sodium toluene-p. 
sulphonate or methanesulphonate precipitated. Solubilities of these salt in acetone at 18° 
were 0°12 and 0-04 g. per 100 c.c., respectively, and in the figures quoted in the table these 
are taken into account. The results show that other groups attached to the sugar molecule 
exercise a shielding effect on the toluene-p-sulphonyl and methanesulphony] residues and that 
this effect is greater for the latter smaller group. 


EXPERIMENTAL. 


3: 4-isoPropylidene a-Methyl-p-galactoside.—Dry a-methyl-p-galactoside (16-3 g.) was dissolved in 
acetone (750 c.c.) containing concentrated sulphuric acid (6 c.c.), and the solution was shaken for 4 days. 
The acid was then neutralised with anhydrous sodium carbonate, and the acetone removed by 
evaporation in the presence of a small amount of sodium carbonate. The residue was distilled and 
3 : 4-isopropylidene a-methyl-p-galactoside obtained as a colourless syrup, b. p. 145—155°/0-001 mm. 
Trituration of the syrup with light petroleum (b. p. 60—80°) induced crystallisation. The solid (10-2 g.), 
recrystallised from light petroleum, had m. p. 103—104°, [a]? +135° in acetone. 

2 : 6-Dimethanesulphonyl 3 : 4-isoPropylidene a-Methyl-D-galactoside.—3 : 4-isoPropylidene a-methyl- 
p-galactoside (3 g.) was dissolved in dry pyridine (12 c.c.) and treated with methanesulphonyl chloride 
(2-3 mols., 3-5 A The reaction mixture was set aside for 4—5 hours (longer periods are inadvisable 
owing to the separation of tarry materials) and then poured into water (300 c.c.). A brown oil separated 
which slowly crystallised. Recrystallisation from aqueous methanol gave 2 : 6-bismethanesulphonyl 
3 : 4-isopropylidene a-methyl-p-galactoside (2-6 g.) as fine rosettes of colourless needles, m. p. 122—123° 
[a]?? +135-5° (c, 0-68 in pyridine) (Found: C, 36-9; H, 5-9; S, 16-4. C,gH,.0,9S, requires C, 36-9; 
H, 5-7; S, 16-4%). 

2: 6-Diacetyl 3: 4-isoPropylidene a-Methyl-p-galactoside.—3 : 4-isoPropylidene a-methy]-p-gal- 
actoside (0-5 g.) was dissolved in dry pyridine (5 c.c.) and freshly distilled acetic anhydride was added. 
The solution was kept at room temperature for 20 hours and then poured into water. The solution was 
extracted with chloroform, and the extract washed with water and dried (MgSO,). The solvent was 
evaporated and the resulting straw-coloured syrup crystallised by trituration with ethanol. © 
Recrystallisation from ethanol afforded 2: 6-diacetyl 3: 4-isopropylidene a-methyl-p-galactoside as 
colourless prisms, m. p.*116—117°, [a]?? +142° in acetone (Found : C, 53-2; H, 7-2. C,,H,,0, requires 
C, 52-8; H, 6-9%). 

2: 6-Di-(p-nitrobenzoyl) 3: 4-isoPropylidene a-Methyl-p-galactoside.—p-Nitrobenzoyl chloride (2-2 mols., 
0-86 g.) was added to a solution of 3 : 4-isopropylidene a-methyl-p-galactoside (0-5 g.) in dry pyridine 
(6 c.c.). The solution was set aside at room temperature for 2 days. On pouring the solution into 
water (50 c.c.) the product separated as an oil which solidified overnight. The solid was triturated 
with an aqueous solution of potassium carbonate to remove any unchanged acid chloride and then 
dried. The di-p-nitrobenzoate had only slight solubility in methanol and ethanol, but recrystallised 
from acetone to form prisms, m. p. 171—173°, [a]?? +85-8° (c, 1-31 in acetone) (Found: C, 54-2; H, 
4-9; N, 5-5. C,,H,,0,.N, requires C, 54:1; H, 4-5; N, 5-3%). 

2 : 6-Ditoluene-p-sulphonyl 3 : 4-isoPropylidene a-Methyl-p-galactoside.—3 : 4-isoPropylidene a-methyl- 
p-galactoside (2-6 g.) was dissolved in fo pyridine (12 c.c.) and treated with toluene-p-sulphonyl 
chloride (2-2 mols., 5 g.) for 24 hours at room temperature. The mixture was poured into water, and 
the product isolated in the usual manner. After being recrystallised (aqueous ethanol) the ditoluene- 
p-sulphonyl derivative (2-8 g.) had m. p. 147—148° and [a]}§ +111-5° in pyridine (cf. Rao and Smith, 
J., 1944, 231, who report m. p. 148° and [a]p +115°). 

2: 6-Dimethanesulphonyl a-Methyl-v-galactoside.—(a) Employing anhydrous methanolic hydrogen 
chloride. 2:6-Dimethanesulphonyl 3: 4-isopropylidene a-methyl-p-galactoside (1 g.) was dissolved 
in 1% methanolic hydrogen chloride (100 c.c.), and the solution gently boiled under reflux. The reaction 
was shown polarimetrically to be complete in 1-5 hours. The solution was neutralised with dry silver 
carbonate, and filtered, and the filtrate boiled with charcoal to remove colloidal silver. The filtrate 
was evaporated to dryness, leaving a crystalline residue which did not reduce Fehling’s solution. The 
resultant 2: 6-bismethanesulphonyl a-methyl-p-galactoside, recrystallised from methanol, had m. p. 
gerne G nel in pyridine (Found: C, 31-0; H, 5-6; S, 18-2. C,H,,0,9S, requires C, 30-9; 
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(b) Employing aqueous-methanolic hydrogen chloride. The isopropylidene compound (1 g.) was 
dissolved in methanol (50 c.c.) containing 5n-hydrochloric acid (2-0 c.c.), and the solution was boiled 
under reflux. The reaction was followed polarimetrically and was complete in 2 hours. The product 
was isolated as above and 2: pov gee a-methyl-p-galactoside was obtained, having 
m. p. 145—146°. In both experiments the yield was quantitative. 

2 : 6-Ditoluene-p-sulphonyl a-Methyl-p-galactoside.—2 : 6-Ditoluene-p-sulphonyl 3 : 4-isopropylidene 
a-methyl-p-galactoside (1-8 g.) was dissolved in methanol (50 c.c.) containing 5N-hydrochloric acid 
(3 c.c.), and the solution was heated under reflux for 5 hours. The product, isolated in the usual manner 
and recrystallised from methanol (1-2 g.), had m. p. 148—149° and [a]? +63-2° in pyridine (Rao and 
Smith, Joc. cit., give m. p. 148° and [a]p +68° in pyridine). 

2-Methanesulphonyl 3 : 6-Anhydro-a-methyl-D-galactoside.—2 : 6-Bismethanesulphonyl a-methyl-p- 
galactoside (1-8 g.) was dissolved in ethanol (20 c.c.) containing N-sodium hydroxide (6 c.c.), and the 
solution heated at 65—70° for 2 hours. The solution became orange-yellow on heating. After being 
neutralised (phenolphthalein) with carbon dioxide, the solution was evaporated to dryness, the 
crystalline residue was extracted twice with hot acetone, and the combined extracts were evaporated to 
dryness. The residue recrystallised from ethanol formed colourless rods of 2-methanesulphonyl 
3 : 6-anhydro-a-methyl-D-galactoside (\-0 g.), m. p. 142—143°, [a]? +88° in pyridine (Found: C, 38-7; 
H, 5-7; S, 11-8. C,H,,0,S,0-5C,H,°OH requires C, 38-9; H, 6-1; S, 11-6%). 

Treatment of 2-Methanesulphonyl 3 : 6-Anhydro-a-methyl-p-galactoside with Sodium Iodide in Acetone.— 
The anhydro-compound (0-25 g.), dissolved in dry acetone (10 c.c.), was heated with sodium iodide 
(1-25 mols., 0-2 g.) in a sealed tube at 110—115° for 5 hours. No separation of sodium methane- 
sulphonate occurred. Prolongation of the heating for 40 hours produced no effect. Evaporation of 
the solution and crystallisation of the residue gave unchanged 2-methanesulphonyl 3 : 6-anhydro-a- 
methy]l-p-galactoside (0-21 g.), m. p. 143°. 

2:4-Dimethanesulphonyl 3 : 6-Anhydro-a-methyl-D-Galactoside.—(a) From 3 : 6-anhydro-a-methyl- 
p-galactopyranoside. 3: 6-Anhydro-a-methyl-p-galactopyranoside (0-1 g.) (prepared by the method of 
Haworth, Jackson, and Smith, J., 1940, 620) was dissolved in dry pyridine (7 c.c.), methanesulphonyl 
chloride (2-3 mols., 0-12 g.) added at 0°, and the solution kept for 18 hours. Thereafter it was poured 
into water (25 c.c.), 2: 4-dimethanesulphonyl 3 : 6-anhydro-a-methyl-D-galactoside (0-08 g.) separating. 
On recrystallisation from ethanol it formed fine needles, m. p. 112—114°, (a]?? +-62-3° (c, 0-71 in pyridine) 
(Found : C, 32-6; H, 4-9. C,H,,0,S, requires C, 32-5; H, 4-8%). 

(b) From 2-methanesulphonyl 3 : 6-anhydro-a-methyl-D-galactoside. 2-Methanesulphonyl 3: 6- 
anhydro-a-methyl-p-galactoside (0-25 g.) was dissolved in dry pyridine (2 c.c.) and treated with 
methanesulphony] chloride (1-25 mols., 0-5 g.) at room temperature. The product was isolated as above 
and showed m. p. 113—114°. 

Treatment of 2:4-Dimethanesulphonyl 3 : 6-Anhydro-a-methyl-D-galactoside with Sodium Iodide in 
Acetone.—This substance (0-35 g.) was heated at 110—115° for 5 hours with sodium iodide in acetone 
but was recovered unchanged (0-33 g.). 

Treatment of 2: 6-Dimethanesulphonyl a-Methyl-v-galactoside with Sodium Iodide in Acetone.—The 
compound (2 g.) in dry acetone (20 c.c.) containing sodium iodide (2-4 mols., 2 g.) was heated at 115° for 
30 hours. Sodium methanesulphonate (0-65 g.) corresponding to 96-4% of that required for complete 
exchange of one methanesulphonyl group was gore This was removed and the filtrate 
evaporated. The syrupy falas did not crystallise. It was freed from sodium iodide by prolonged 
leaching with water and gave positive tests for sulphur and iodine and presumably contained 2-methane- 
sulphonyl 6-iodo-a-methyl-6-deoxy-p-galactoside. A portion (1 g.) of this was heated at 70—75° 
for 2 hours with ethanol.(10 c.c.) containing N-sodium hydroxide (3 c.c.). The solution was then 
neutralised with carbon dioxide and evaporated to dryness. The residue was extracted with acetone, 
and the extract evaporated to dryness. The product was dissolved in ethanol, filtered from a small 
amount of insoluble material, and set aside. 2-Methanesulphony] 3 : 6-anhydro-a-methyl-p-galactoside 
(0-45 g., 65%) separated, having m. p. 142—143° alone or in admixture with an authentic specimen. 

6-Methanesulphonyl-p-galactose Dibenzyl Mercaptal.—1 : 2-3 : 4-Diisopropylidene 6-methanesulphonyl 
D-galactose, prepared according to Helferich, Dressler and Griebel (Joc. cit.), had m. p. 122° and [a]p 
—63-8° in acetone, —61-0° in chloroform. This compound (2-5 ) was dissolved in glacial acetic acid 
(15 c.c.) and 50% (by volume) aqueous acetic acid (15 c.c.), and the solution was maintained at 80°. 
The reaction was followed polarimetrically, and after 15 hours the solution was carefully evaporated 
under reduced pressure at 40°, affording a yellow syrup which strongly reduced Fehling’s solution. 
This material (1-8 g.) was treated with concentrated hydrochloric acid (2 c.c.) and toluene-w-thiol 
(2 c.c.), first at 0° then at room temperature. The mixture became solid after being shaken for 2 hours 
and was then filtered. The solid was washed with water and, recrystallised from ethanol-acetone, 
yielded fine needles of 6-methanesulphonyl v-galactose dibenzyl mercaptal (0-5 g.), m. p. 129—130° 
(decomp.), {a]?? —16-9° in pyridine (Found: C, 51-8; H, 5-9; S, 19-6. C,,H,,0O,S, requires C, 51-6; 
H, 5-7; S, 19:6%). 6-Methanesulphonyl v-galactose diethyl mercaptal was similarly obtained and had 
m. p. IL1—112°, [a]?! +7-2° (c, 1-11 in pyridine) (Found: C, 35-8; H, 6-4; S, 25-3. 
C,,H,,0,S; requires C, 36-2; H, 6-6; S, 26-4%). 

6-Toluene-p-sulphonyl 1 : 2-3: 4-Diisopropylidene pD-Galactose.—1 : 2-3 : 4-Diisopropylidene p-gal- 


actose was converted into its ery at derivative by a modification of the method of 


Freudenberg et al. (Ber., 1922, 55, 934; 1923, 56, 2119). amb ye men gy seme D-galactose (52 g.) 
was dissolved in dry pyridine (100 c.c.), and toluene-p-sulphonyl chloride (1-5 mols., 58 g.) was added 
at room temperature. The mixture was kept at 60° for 4—5 hours and then poured into water. An 
oil separated which rapidly crystallised. After being recrystallised from methanol it had m. p. 89—91°, 
{a]p —63-4° in chloroform, —54-5° in acetone. Yield, 60 g. 

1: 2-3: 4-Diisopropylidene 6-Iodo-6-deoxy-D-galactose.—(a) 6-Methanesulphonyl 1 : 2-3 : 4-diiso- 
propylidene p-galactose (2 g.) in acetone solution (20 c.c.) containing sodium iodide (1 g.) was heated 
at 130—135° for 40 hours. Sodium methanesulphonate ted (0-66 g., corresponding to 93% of 
that required for complete exchange) and was removed by tration. The solution was evaporated to 
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dryness, and the residue leached with a small amount of water to remove excess of sodium iodide. The 
residue was thoroughly dried. It slowly crystallised. Recrystallised from methanol it afforded 
1; 2-3 : 4-diisopropylidene 6-iodo-6-deoxy-p-galactose (2-0 g., 93%), m. p. 72°, [a]#? —45-9° (c, 1-42 in 
acetone), —51-7° (c, 1-16 in chloroform), in agreement with the constant given by Freudenberg and 
Raschig (Ber., 1927, 60, 1634). 

(6) 6-Toluene-p-sulphonyl I : 2-3: 4-diisopropylidene p-galactose (4 g.), heated in dry acetone 
(30 c.c.) containing dry sodium iodide (1-2 mols., 1-7 g.) at 115° for 20 hours, afforded the same 6-iodo- 
6-deoxy-derivative (4-4 g., 91%). 

3 : 4-isoPropylidene D-Galactal.—p-Galactal (1-0 g.) was dissolved in acetone (50 c.c.) containing 
zinc chloride (5 g.), and the mixture was shaken mechanically for 5 days. It was then poured into a 
concentrated aqueous solution of sodium carbonate (75 c.c.), so that the final mixture was alkaline to 
litmus. The precipitated zinc carbonate was filtered off and well washed with acetone, and the filtrate 
concentrated in a vacuum until most of the acetone had been removed. The remaining aqueous 
solution was extracted thrice with ether (70 c.c. portions), and the combined ethereal extracts dried 
(MgSO,) and evaporated to dryness. A pale straw-coloured syrup (0-82 g.) which did not reduce Fehling’s 
solution but rapidly decolorised bromine-water was obtained. It distilled as a colourless oil, b. p 
110—112°/0-1 mm., »?? 1-4814, which crystallised from light petroleum in colourless needles. It 
3 : 4-isopropylidene D-galactal (0-7 g.), m. p. 41—43°, [a]#? +13-8° (c, 1-62 in acetone) (Found: C, 58-1; 
H, 7-8. C,H,,O, requires C, 58-1; H, 7-5%). 

6-Toluene-p-sulphonyl 3 : 4-isoPropylidene D-Galactal.—3 : 4-isoPropylidene D-galactal (5-3 g.) was 
dissolved in dry pyridine (21-2 c.c.), and toluene-p-sulphonyl chloride (1-5 mols., 7-95 g.) was added. 
The solution was kept for 2 days at room temperature and then poured into water (11.). The product 
separated as a colourless oil which, after being washed with water by decantation, gradually crystallised. 
The solidified product was triturated with water and dried. 6-Toluene-p-sulphonyl 3 : 4-isopropylidene 
p-galactal (7 g.), recrystallised from methanol, formed colourless needles, m. p. 81—83°, [a]?# +22° in 
chloroform (Found: C, 56-9; H, 6-1; S, 9-8. C gH, O,S requires C, 56-5; H, 5-9; S, 9-4%). 

6-Methanesulphonyl 3: 4-isoPropylidene D-Galactal.—3 : 4-isoPropylidene pD-galactal (1-35 g.) was 
dissolved in dry pyridine (6 c.c.), and methanesulphonyl chloride (1-5 mols., 1-2 g.) was added with 
cooling. The solution was kept for 5 hours and then poured into water (50 c.c.). The aqueous layer 
was extracted 3 times with chloroform. The extract was washed twice with water, several times with 
ice-cold 0-05N-hydrochloric acid, and finally with sodium hydrogen carbonate solution. After being 
dried (MgSO,), the solution was evaporated to a straw-coloured syrup which crystallised on being stirred 
with aqueous methanol. The 6-methanesulphonyl 3: 4-isopropylidene vD-galactal, recrystallised from 
aqueous methanol, formed long colourless needles, m. p. 131—133° (softening at 98—99°), [a]?? +16-3° 
(c, 1-6 in acetone) (Found: C, 45-1; H, 6:2. C,H,,0,S requires C, 45-5; H, 6-1%). 

Comparative Iodine Exchange Experiments.—The ——_ listed in the table were used, and the 
quantities were those which were equivalent to 0-3 g. of sodium iodide. In each case the volume of 
acetone solution was 15c.c. The time of heating was 5} hours (at 115—125°). The amount of sodium 
toluenesulphonate or methanesulphonate precipitated was collected in a sintered-glass crucible, washed 
with dry acetone, and dried for 1 hour at 120° before weighing. The results are reported in the table. 


The microanalyses were carried out, some by Dr. W. T. Chambers and some by Drs. Weiler and 
Strauss, Oxford. One of us (W. G. O.) thanks the Board of the British Rubber Producers Research 
Association for financial assistance. 


A. E. Hitts LABoRAToRIES, UNIVERSITY OF BIRMINGHAM, 
EDGBASTON, BIRMINGHAM, 15. [Received, May 30th, 1949.) 





536. The Conversion of Sucrose into Pyridazine Derivatives. Part 
VIII. Some Basic Derivatives of 2-Phenyl-6-methyl-3-pyridazone. 


By Hitpa Grecory and L. F. WiccIns. 


Amongst the several basic derivatives of 2-phenyl-6-methyl-3-pyridazone described herein, 
4-dimethylamino-2-phenyl-6-methyl-3-pyridazone is found to have analgesic potency somewhat 
greater than that of phenazone. 


In the course of studies on the pyridazine and pyridazone derivatives obtained from levulic 
acid, the pharmacological properties of many compounds described in Parts I—VII of this series 
have been investigated. This work indicated that 4-amino-2-phenyl-6-methyl-3-pyridazone 
(I; R, = R, = H) exhibited marked analgesic activity when compared with phenazone (II). 


H=—C:NR CH: = 
Mery” 08" Mec - Mercy _ 
N—NPh NMe—NPh NN—wNPh 

(I.) (II.) (III.) 
Replacement of the amino-group in (I; R, = R, = H) by chloro-, ethoxy-, or hydroxy- 
nullified the activity, whereas replacement by hydrogen to give 2-phenyl-6-methyl-3-pyridazone 
(III) reduced the duration of the action. It appears therefore that the presence of a basic group 
in the pyridazone nucleus exerts a powerful and important contribution towards the analgesic 
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activity of this type of compound. In view of these findings efforts have now been directed towards 
introducing other basic groups into the pyridazone nucleus of 2-phenyl-6-methyl-3-pyridazone. 

Replacement of the amino-group in (I; R, = R, = H) by a morpholine or piperidine 
residue was accomplished by heating 4-chloro-2-phenyl-6-methyl-3-pyridazone with a methyl- 
alcoholic solution of the appropriate base, 4-morpholino- and 4-piperidino-2-phenyl-6-methyl-3- 
pyridazone being thus formed. These compounds had, however, no analgesic power. Heating 
the 4-chloro-compound with methyl-alcoholic methylamine or dimethylamine gave 4-methyl- 
amino- (1; R,= Me, R,=H) and 4-dimethylamino-2-phenyl-6-methyl-3-pyridazone (I; 
R, = R, = Me), respectively, as well-defined crystalline compounds. These, together with the 
4-amino-derivative, enable a comparison to be made of the effect of a primary, secondary, and 
tertiary amino-group on the analgesic activity of the pyridazone (III). In addition, 4-diethyl- 
amino-2-phenyl-6-methyl-3-pyridazone (I; R, = R, = Et) was prepared by the same procedure ; 
this was a liquid, but was characterised as a crystalline monopicrate. Comparative tests showed 
that, whereas the presence of the 4-methylamino-residue in 2-phenyl-6-methyl-3-pyridazone 
eliminated the analgesic potency, the introduction of the 4-dimethylamino-group greatly 
increased its activity. It is, however, anomalous that 4-diethylamino-2-phenyl-6-methyl-3- 
pyridazone had very little activity. 

It has been possible to study the pharmacological effect of varying several other aspects 
of the 4-amino-2-phenyl-6-methyl-3-pyridazone molecule. Thus, introduction of a -nitro- 
group into the phenyl residue, to give 4-amino-2-p-nitrophenyl-6-methyl-3-pyridazone (Part II 
of this series) destroyed the activity. The effect of replacing the phenyl by a m-tolyl group, 
involving the synthesis of 4-amino-2-m-tolyl-6-methyl-3-pyridazone (IV), has now been 
investigated. 


H=C-NH H,—CH H=CCl H=CH:NR 
woo 08 Mec ne Sto Mec” ae Mec’ > ™ 
u 
S 
Ou O O O 
} O 4 
(iVv.) Vv.) (VI) (VII) 

Levulic acid m-tolylhydrazone was cyclised to 2-m-tolyl-6-methyl-3-pyridazinone, which 
with phosphorus pentachloride furnished 4-chloro-2-m-tolyl-6-methyl-3-pyridazone. Since it 
was proved by Ach (Amnalen, 1889, 253, 44) that the treatment of 2-phenyl-6-methyl-3- 
pyridazinone with phosphorus pentachloride effected dehydrogenation, as well as chlorination 
of the heterocyclic residue at position 4, it is reasonable to assume that in this case also the - 
halogenation of the diazine molecule has occurred at C,,. The 4-amino-2-m-tolyl-6-methyl-3- 
pyridazone obtained on treatment of the 4-chloro-derivative with ammonia possessed, however, 
very little analgesic power. The effect of replacing the 2-phenyl group by pyridine in 4-amino- 
and 4-dimethylamino-2-phenyl-6-methyl-3-pyridazone has also been studied, especially as it 
was expected that this change would improve the rather low solubility of 4-amino-2-phenyl-6- 
methyl-3-pyridazone in water. Levulic acid 2-pyridylhydrazone was readily prepared in 
crystalline form, and, in contrast to levulic acid phenylhydrazone, was stable for many months 
at room temperature. Cyclisation to the pyridazinone was not so easily achieved as with the 
phenylhydrazone and was accompanied by a greater amount of decomposition. On treating 
the resultant 2-2’-pyridyl-6-methyl-3-pyridazinone (V) with phosphorus pentachloride a mono- 
chloro-derivative was obtained, which, by analogy, is described as 4-chloro-2-2’-pyridyl-6- 
methyl-3-pyridazone (V1). Treatment with ammonia or dimethylamine then gave 4-amino- 
(VII; R, = R, = H) and 4-dimethylamino-2-2’-pyridyl-6-methyl-3-pyridazone (VII; R, = R, = 
Me), respectively. The analgesic activity of both of these compounds was less than that of 
the corresponding 2-phenyl derivative, but comparable with that of phenazone. The relative 
analgesic activities of compounds mentioned in this paper are indicated in the following table. 


Comparative analgesic activities of certain 3-pyridazone derivatives. 


Substituents. ivity. Substituents. 
(Phenazone) 4-Amino-2-p-nitropheny]-6-methyl- 
4-Amino-2-pheny]-6-methyl- 4-Amino-2-m-toly]-6-methyl- 
4-Methylamino-2-pheny1-6-methyl- 4-Amino-2-2’-pyridyl-6-methyl- 
4-Diethylamino-2-phenyl-6-methyl- ... - 4-Dimethylamino-2-2’-pyridyl-6-methyl- 
4-Dimethylamino-2-phenyl-6-methyl-... 6+ 2-Phenyl-6-methyl- 


A detailed account of the results of the pharmacological investigation will be published elsewhere. 
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EXPERIMENTAL. 


4-Methylamino-2-phenyl-6-methyl-3-pyridazone.—4-Chloro-2-phenyl-6-methyl-3-pyridazone (5-0 g) 
was heated in an autoclave at 130° for 3 days with ethyl alcohol (200 c.c.) containing methylamine 
(16-0 g.). After cooling, the mixture was filtered and the reddish-brown solution evaporated to dryness 
under reduced pressure. The solid residue was heated with barium hydroxide (7-5 g.; hydrated) in 
water (150 c.c.) for 1 hour at 80° in an atmosphere of nitrogen, and the mixture was then evaporated to 
dryness. The dry residue was extracted exhaustively with hot chloroform, the extract dried (MgSO,), 
and the chloroform removed by distillation. The product, recrystallised from ethyl alcohol, formed 
colourless prisms, m. p. 148—149° (3-85 g., 81%) (Found: C, 67-1; H, 6-1; N, 20-0. C,:H,,0N, 
requires C, 67-0; H, 6-05; N, 19-5%). 

4-Dimethylamino-2-phenyl-6-methyl-3-pyridazone.—4-Chloro-2-phenyl-6-methyl-3-pyridazone (10-0 g.) 
was heated in an autoclave at 140° for 3 days with ethyl-alcoholic dimethylamine (8%; 700c.c.). After 
cooling, the mixture was filtered and the solution evaporated to dryness. The syrupy residue was 
hydrolysed by heating with barium hydroxide (15 g.; hydrated) in water (300 c.c.) for 1 hour at 80° in an 
atmosphere of nitrogen. The mixture was then evaporated to dryness under reduced pressure, the dry 
residue extracted several times with hot chloroform, and the extract evaporated to a viscous brown 
syrup. After decolorisation with charcoal in alcohol, a solid residue of the tertiary amine was obtained, 
which recrystallised from light petroleum (b. p. 40—60°), containing a trace of methyl alcohol, in long 
colourless needles, m. p. 61° (5-35 g., 52%) (Found: C, 68-6; H, 6-4; N, 18-1. C,3H,,ON, requires 
C, 68-2; H, 6-55; N, 18-3%). 

4-Diethylamino-2-phenyl-6-methyl-3-pyridazone.—4-Chloro-2-phenyl-6-methyl-3-pyridazone (10-0 g.) 
was heated in an autoclave at 150° for 3 days with diethylamine (150 c.c.) and ethyl alcohol (850 c.c.), 
From the resulting solution the diethylaminopyridazone was obtained in a manner similar to that described 
for the corresponding dimethylamino-derivative. It was isolated as a dark brown, viscous syrup which 
distilled at 196—198°/0-01 mm. to give a thick yellow oil, n}?} 1-6053 (8-60 g., 74%) (Found: C, 69-5; 
H, 7:7; N, 16-4. C,s;H,,ON, requires C, 70-0; H, 7-4; N, 16-3%). This compound (0-1 g.) on being 
treated with picric acid (0-1 g.) in ethyl alcohol gave a monopicrate which, recrystallised from aqueous 
alcohol, formed rosettes of needles, m. p. 107—108° (Found: C, 52-2; H, 4-75; N, 17-6. C,,H,,0,N, 
requires C, 51-9; H, 4-53; N, 17-3%). 

Levulic Acid m-Tolylhydrazone.—The acid (1-16 g.) was dissolved in water (2-0 c.c.), and m-tolyl- 
hydrazine (1-2 g.; 1 mol.), dissolved in glacial acetic acid (2-0 c.c.), added. An immediate reaction 
occurred, heat was developed, and crystals separated which were collected and recrystallised from aqueous 
alcohol in nearly colourless prisms, m. p. 133° in agreement with that given by Sah (Science Repts. Nail. 
Tsing Hua Univ., 1936, A, 8, 403) (yield, 1-91 g., 87%). When kept under anhydrous conditions the 
hydrazone slowly decomposed. 

2-m-Tolyl-6-methyl-3-pyridazinone.—Lzvulic acid m-tolylhydrazone (3-0 g.) was heated at 155— 
160° for 1-5 hours. After cooling, the syrupy 2-m-tolyl-6-methyl-3-pyridazinone crystallised on trituration 
with ethyl alcohol and recrystallised from light petroleum (b. p. 40—60°) in colourless prisms, m. p. 68° 
(1-9 g., 69%) Found: C, 71-3; H, 6-93; N, 13-4. C,,.H,,ON, requires C, 71-3; H, 6-93; N, 13-9%). 

Chlorination of 2-m-Tolyl-6-methyl-3-pyridazinone.—The pyridazinone (5-0 g.) and phosphorus 
pentachloride (25-0 g.) were intimately mixed, phosphoryl chloride (8 c.c.) was added, and the mixture 
heated at 110—112° for 0-5 hour. Some of the excess of Fg a naa chloride was evaporated off under 
reduced pressure, the mixture was then cooled to 0°, and ice-water added to decompose the excess of 
phosphorus chlorides. After being kept for a few hours, the crystals which separated were collected 
and, recrystallised from aqueous alcohol, formed colourless feathery needles of 4-chloro-2-m-tolyl-6- 
methyl-3-pyridazone, m. p. 109° (3-05 g.) (Found: C, 61-2; H, 4-6; N, 12-0. C,,H,,ON,Cl requires 
C, 61-4; H, 4-7; N, 11-9%). The mother-liquors were then made alkaline with potassium hydroxide 
and extracted with chloroform. The extract was dried (MgSO,) and evaporated to dryness. The residue, 
recrystallised from aqueous alcohol, had m. p. 109° and was identical with the chloro-compound already 
isolatetl; yield, 0-5 g.; total yield, 61%. 

4-Amino-2-m-tolyl-6-methyl-3-pyridazone.—4-Chloro-2-m-tolyl-6-methyl-3-pyridazone (10-0 g.) was 
heated in an autoclave at 150° for 3 days with methyl alcohol, saturated with ammonia at 0°. After 
cooling, the mixture was filtered and evaporated to dryness. The solid residue was hydrolysed by heating 
it with hydrated barium hydroxide (15 g.) in water (300 c.c.) for 1 hour at 80° in an atmosphere of nitrogen, 
and the product, after being evaporated to dryness, was extracted with boiling chloroform. The extract, 
after being dried (MgSO,), was evaporated to a dark brown syrup which crystallised on trituration with 
ethyl alcohol. Recrystallisation, first from ethyl alcohol—-water and then from acetone, gave colourless 
prisms of 4-amino-2-m-tolyl-6-methyl-3-pyridazone, m. p. 153° (5-1 g., 56%) (Found: C, 67-1; H, 60; 
N, 19-5. C,,H,,ON, requires C, 67-0; H, 6-05; N, 19-5%). 

This amine (0-3 g.), freshly fused sodium acetate (0-3 g.), and acetic anhydride (5 c.c.). were heated 
together under reflux for 0-5 hour. After cooling, the mixture was poured into water and the pre- 
cipitated 4-acetamido-compound filtered off; it recrystallised from ethyl alcohol in colourless needles, 
m. p. ~~ (yield, quantitative) (Found: C, 65-6; H, 5-9; N, 16-3. C,,H,,0,N, requires C, 65-4; 
H, 5-8; N, 16-3%). 

2-Pyridylhydvazine.—2-Bromopyridine (18-0 g.), obtained from 2-aminopyridine by the method of 
Craig (J. Amer. Chem. Soc., 1934, 56, 232), and hydrazine hydrate (50 c.c.) were heated together under 
reflux for 5 hours. After cooling, the mixture was extracted with ether, and the extract dried (MgSO,) 
and evaporated to dryness, whereby colourless needles (8-0 g.) were obtained having m. p. 43—45”, 
raised to 48° by recrystallisation from light petroleum (b. p. 40—60°). The solution, after extraction 
with ether, was evaporated under reduced pressure and the residue treated with concentrated potassium 
hydroxide solution. This solution was then extracted with ether. The ethereal extract was dried 
(MgSO,) and evaporated to dryness, giving a further 1-9 g. of 2-pyridylhydrazine. Total yield: 9-9¢., 
80%. The compound decomposed rapidly on exposure to air. 

Lavulic Acid 2-Pyridylhydrazone.—To levulic acid (4-0 g.), dissolved in water (4 c.c.), was added 
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pyridylhydrazine (3-75 g.) dissolved in the minimum volume of ethyl alcohol. Heat was evolved and 

als separated immediately; these were collected and the Aydrazone, recrystallised from ethyl 
alcohol, formed colourless flakes, m. p. 190—191° (6-1 g., 81%) (Found: C, 58-1; H, 6-3; N, 19-8. 
CyH302Ns requires C, 58-0; H, 6-3; N, 20-3%). 

2-2'-Pyridyl-6-methyl-3-pyridazinone.—Levulic acid 2-pyridylhydrazone (10-0 g.) was heated to 
170° and maintained thereat for 2 hours, whereafter the elimination of water appeared to have ceased. 
The dark brown liquid was then distilled at 240—250°/12—15 mm., giving a yellow distillate which 
solidified almost completely. This was triturated with alcohol and ether and filtered off; 2-2’ idyl- 
6-methyl-3-pyridazinone, recrystallised from ethyl alcohol, formed large plates, m. p. 128° (5-2 g.) (Found : 
C, 63-6; H, 6-0; N, 22-0. C,)H,,ON, requires C, 63-5; H, 5-8; N, 22-2%). 

In subsequent experiments the levulic acid pyridylhydrazone was not isolated. The reaction 
mixture was heated at 140° for 2 hours to remove water and ethyl alcohol and then at 170° for 1 hour 
to effect the cyclisation, and finally distilled. 

4-Chloro-2-2’-pyridyl-6-methyl-3-pyridazone.—2-2’-Pyridyl-6-methyl-3-pyridazinone (5-0 g.), phos- 
phorus pentachloride (25-0 g.), and —- chloride (8-0 g.) were heated at 120° for 0-75 hour. 
The bulk of the excess of phosphoryl chloride was removed by evaporation under reduced pressure ; 
the mixture was then cooled to 0° and ice-water added. The dark brown solution was made alkaline 
with potassium hydroxide solution, and the brown syrup which separated was extracted with chloroform. 
The chloroform extract was dried (MgSO,) and evaporated to a semi-solid mass, which was triturated 
with alcohol and ether. The 4-chloro-2-2’-pyridyl-6-methyl-3-pyridazone was ther filtered off and 
recrystallised from ethyl alcohol in colourless os m. p. 123° (3-0 g.) (Found: C, 54-1; H, 3-8; N, 
19-4. CyH,ON,Cl requires C, 54-2; H, 3-6; N, 19-0%). 

4-Amino-2-2’-pyridyl-6-methyl-3-pyridazone.—4-Chloro-2-2’-pyridyl-6-methyl-3-pyridazone (5-0 g.) 
was heated with methyl-alcoholic ammonia (saturated at 0°) at 150° in an autoclave for 3 days. Afte 
cooling, the mixture was filtered and evaporated to dryness. The residue was heated with barium 
hydroxide (5-0 g.) in water (150 c.c.) at 80° for 1 hour in an atmosphere of nitrogen. The mixture was 
then evaporated to dryness and extracted exhaustively with chloroform. The chloroform extract was 
dried (MgSO,) and evaporated to a semi-solid residue. This was triturated with ethyl alcohol and light 
petroleum (b. p. 40—60°), and the solid filtered off. The product was recrystallised from ethyl alcohol 
and had m. p. 172° (yield, 2-4 g.) (Found: C, 59-3; H, 4-9; N, 27-9. CyH,ON, requires C, 59-4; 
H, 4:95; N, 27-7%). The compound was sensitive to light and became pink on exposure. 

The crude amine (0-2 g.), fused sodium acetate (0-5 g.), and acetic anhydride (5-0 c.c.) were heated 
under reflux for 0-5 hour. The mixture was then poured into water, and the solid which separated was 
filtered off and recrystallised from ethyl alcohol. The acetyl derivative had m. p. 216° (yield, 0-14 g.) 
(Found: C, 59-1; H, 4-8; N, 22-7. C,,H,,0,N, requires C, 59-0; H, 4-9; N, 22-9%). 

4-Dimethylamino-2-2’-pyridyl-6-methyl-3-pyridazone.—4-Chloro-2 -2’- pyridyl - 6 - methyl -3-pyridazone 
(3-5 g.) was heated with 6% ethyl-alcoholic dimethylamine (500 c.c.) at 140° in an autoclave for 3 days. 
The solution was then evaporated to dryness under pressure. The 4-dimethylamino-compound was 
isolated exactly as described for the corresponding amino-compound. Recrystallised from light 
petroleum (b. p. 40—60°) containing a little methyl alcohol, it formed colourless prisms, m. p. 94° 
(2-0 g.) (Found: C, 62-3; H, 6-2; N, 24-5. C,,H,,ON, requires C, 62-6; H, 6-1; N, 24-35%). 

4-Piperidino-2-phenyl-6-methyl-3-pyridazone (with S. D1xon).—4-Chloro-2-phenyl-6-methyl-3- 
pyridazone (2 g.) was mixed with a solution of piperidine (2 g.) in dry methyl alcohol (50 c.c.). The 
mixture was heated in a sealed tube for 3 days at 208°. The dark brown solution was evaporated under 
teduced pressure, and a semi-solid residue obtained. The mixture was dissolved in hot alcohol—water, 
filtered (charcoal), and allowed to cool; 4-piperidino-2-phenyl-6-methyl-3-pyridazone separated in 
colourless needles, m. p. 80° (1-5 g., 63%) (Found: C, 71-0; H, 7-05; N, 15-6. C,,H,,ON, requires 
C, 71-4; H, 7-05; N, 15-6%). 

4-Morpholino-2-phenyl-6-methyl-3-pyridazone.—4-Chloro-2-phenyl-6-methyl-3-pyridazone (2 g.) was 
mixed with morpholine (2 g.) and dry methyl alcohol (50 c.c.). The mixture was heated for 3 days 
at 200° under pressure. The dark solution was evaporated under reduced pressure and the 4-morpholino- 
2-phenyl-6-methyl-3-pyridazone recrystallised from alcohol—water in white plates, m. p. 132° (2-0 g., 83%) 
(Found: C, 66-4; H, 6-45; N, 16-0. C,,;H,,0,N, requires C, 66-4; H, 6-3; N, 15-5%). . 


The pharmacological studies of these compounds were carried out in the Department of Pharmacology, 
University of Birmingham, by Dr. M. R. A. Chance and Mrs. I. Wajda. We are greatly indebted to 
the Colonial Products Research Council for supporting this investigation. 


Tue A.E. Hitts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM, 15. [Received, May 30th, 1949.]} 
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537. 3: 6-3’ : 6’-Dianhydro-derivatives of 8-Methylcellobioside and 
of 8-Methylmaltoside. 


By F. H. Newrs, S. D. Nicnoras, F. Smitu, and L. F. Wicers. 


The 3 : 6-3’ : 6’-dianhydro-derivatives (II) and (IV) of 8-methylcellobioside and of 8-methyl- 
maltoside, respectively, have been prepared by treatment of the aye a 6 : 6’-di- 
methanesulphonates with alkali. The structure of these dianhydrides is deduced from the 
fact that treatment with boiling methyl-alcoholic hydrogen chloride gives rise in each case to a 
crystalline mixture of the a- (V) and the f-form (VI) of 3 : 6-anhydro-methyl-p-glucofuranoside 
which can be separated by fractional crystallisation. These dianhydro-compounds are sensitive 
to acidic reagents. 


Previous studies on the 3: 6-anhydro-derivatives of D-glucose (Haworth, Owen, and Smith, 
J., 1941, 88) and p-galactose (Haworth, Jackson, and Smith, J., 1940, 620; Nature, 1938, 
142, 1075; Smith and Rao, J., 1944, 229) have demonstrated that the presence of the hydro- 
furanol or 3 : 6-anhydro-ring so governs the structure that it is undoubtedly responsible for the 
peculiar properties which these substances possess. The exceptional behaviour of 3 : 6-anhydro- 
compounds may be illustrated by the observation that the a- and the 6-form of 3 : 6-anhydro- 
methyl-p-glucopyranoside can be directly converted into 3: 6-anhydro-a- and -f$-methyl-p- 
glucofuranoside, respectively; the change of the ring system from pyranoside to furanoside 
takes place without loss of the glycosidic methyl group. It was also established that direct 
transformation of 2 : 4-dimethyl] 3 : 6-anhydro-«-methyl-p-glucopyranoside into the 8-pyranoside 
can also be brought about by acidic reagents without loss of the glycosidic methyl group 
(Haworth, Owen, and Smith, Joc. cit.). 2:4-Dimethyl 3: 6-anhydro-«-methyl-p-galacto- 
pyranoside can be similarly transformed into the corresponding @-glycoside without cleavage of 
the methyl group at C,,, (Haworth, Jackson, and Smith, Joc. cit.). An inspection of the structures 
of the 3: 6-3’ : 6’-dianhydro-derivatives of the disaccharides shows that, if the anhydro- 
ring confers upon these substances properties analogous to those which it induces in the methyl- 
glucopyranosides, it is to be expected that suitable treatment of dianhydro-methylmaltoside 
with acidic reagents might result in a change of the 1 : 4-biose linkage from the a- to the §-type 
and also in a transformation of the ring system in the terminal or “ non-reducing ”’ glucose 
residue from the pyranose to the furanose form. By analogy it was expected that the 
3 : 6-3’ : 6’-dianhydro-derivative of 8-methylcellobioside might exhibit in acid solution a change 
in which the terminal or “‘ non-reducing ”’ glucopyranose unit would be converted into a furanose 
residue. It is apparent that the presence of the 1: 4-biose linkage in these two dianhydro- 
disaccharides will prevent the ‘‘ reducing ”’ glucose residue changing from the pyranose to the 
furanose form, but it is possible, for both dianhydro-compounds, that the sugar ring of the 
“ reducing ’”’ moiety may open as it does with 3 : 6-anhydro-derivatives of galactose (Haworth, 
Jackson, and Smith Joc. cit.). 

In order to test these possibilities the 3 : 6-3’ : 6’-dianhydro-derivative of B-methylmaltoside 
and of 8-methylcellobioside have been synthesised. The procedure adopted for their preparation 
is similar to that by which the 3: 6-anhydro-derivatives of glucose and galactose have been 
prepared from the 6-tosyl derivatives (Haworth, Owen, and Smith, Joc. cit.; Haworth, Jackson, 
and Smith, Joc. cit.; cf. Percival et al., Nature, 1938, 142, 1076; ibid., p. 797; Hands and 
Peat, ibid., p. 797; Valentin, Coll. Czech. Chem. Comm., 1932, 4, 364). 6: 6’-Ditosyl penta- 
acetyl 6-methylcellobioside was prepared by Compton (J. Amer. Chem. Soc., 1938, 60, 1203) 
but repetition of this work gave an amorphous product. The corresponding 6 : 6’-dimethane- 
sulphonyl penta-acetyl 6-methylcellobioside (I) was prepared in good yield from $-methyl- 
cellobioside by the method of Helferich and Stryk (Ber., 1941, 74, 1794). Catalytic deacetylation 
of (I) by the Zemplén method yielded 6: 6’-dimethanesulphonyl $-methylcellobioside 
and treatment either of this compound or of (I) with an excess of sodium methoxide 
gave 3: 6-3’ : 6’-dianhydro-B-methylcellobioside (II). (II) appeared to exist in two crystalline 
modifications, (A) m. p. 182—183° and (B) m. p. 209—210°. The two forms showed the same 
high negative rotation ([«]p ca. —200° in water); they were interconvertible and were shown 
by the identity of their X-ray powder photographs to be crystallographically identical, and are 
thus the same chemical compound. Acetylation of either the A*or the B form with acetic 
anhydride—pyridine afforded the same crystalline dianhydro-triacetate. Analysis of the 
dianhydride (II) and its triacetate showed that two anhydro-groups were present. The 
location of the anhydro-rings in the 3 : 6-position of each moiety of the disaccharide followed 
from the fact that when (II) was boiled with methyl-alcoholic hydrogen chloride, there was 
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formed a crystalline mixture of the a- (V) and $-form (VI) of 3: 6-anhydromethyl-p-gluco- 
furanoside. Fractional crystallisation of this mixture enabled the two forms (V) and (VI) to 
be separated; they proved to be identical with authentic specimens (Haworth, Owen, and Smith, 
loc. cit.; Ohle and Wilcke, Ber., 1938, 71, 2316). 
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3: 6-3’ : 6’-Dianhydro-8-methylmaltoside was synthesised by a similar series of reactions. 
Maltose was acetylated with a mixture of acetic acid and acetic anhydride in the presence of 
catalytic amounts of perchloric acid. The acetylation reaction mixture was treated with 
glacial acetic acid saturated with hydrogen bromide, and the octa-acetyl maltose thus converted 
directly into a-acetobromomaltose (Nicholas and Smith, Nature, 1948, 161, 349). The action 
of methyl alcohol upon the latter in the presence of silver carbonate yielded hepta-acetyl 
§-methylmaltoside (Irvine and Black, J., 1926, 862; Schoch, Wilson and Hudson, J. Amer. 
Chem. Soc., 1942, 64, 2871). When the 8-methylmaltoside, obtained by catalytic deacetylation 
of the hepta-acetate, was allowed to react in pyridine with methanesulphonyl] chloride at 0°, 
followed by acetic anhydride, 6 : 6’-dimethanesulphonyl penta-acetyl B-methylmalioside (III) was 
obtained. This was deacetylated by the Zemplén method (loc. cit.) and the resultant 
6: 6’-dimethanesulphonyl $-methylmaltoside (an amorphous solid) treated with aqueous 
alkali to yield 3 : 6-3’ : 6’-dianhydro-8-methylmaltoside (IV). The first specimen of this product 
was amorphous, but when acetylated it afforded a crystalline triacetate and this upon 
deacetylation gave the dianhydro-8-methylmaltoside (IV) as a crystalline monohydrate. When 
(IV) was boiled with methyl-alcoholic hydrogen chloride more than half the theoretical amount 
of a mixture of the «- (V) and the $-form (VI) of 3: 6-anhydro-methyl-p-glucofuranoside was 
obtained, thus proving the existence of the two 3 : 6-anhydro-rings in the maltose compound 
(IV). The two forms (V) and (VI) were separated by fractional crystallisation and characterised 
by comparison with authentic specimens. 

When treated with methyl alcohol containing small amounts of hydrogen chloride, these 
dianhydro-disaccharide 8-methylglycosides (III) and (IV) behaved in an analogous manner to 
3 : 6-anhydromethylglucopyranosides, as indicated by a rapid change in optical rotation. The 
nature of this transformation is under investigation. 


EXPERIMENTAL, 


B-Methylcellobioside.—Octa-acetyl cellobiose (75 g.) obtained by the acetolysis of cotton linters was 
converted into a-acetobromocellobiose by the usual procedure. Yield, 38 g.; m. p. 175—180° (Fischer 
and Zemplén, Ber., 1910, 48, 2536, record m. p. 180°). From this, hepta-acetyl £-methylcellobioside 
(20 g.; m. p. 178—182°) was obtained according to the method of Zemplén and Gerecs (Ber., 1930, 68, 
2720). Hepta-acetyl p-methylcellobioside (20 g.) was dissolved in hot methyl alcohol and to the cooled 
solution 0-2n-sodium methoxide in methyl alcohol (2 c.c.) was added. After being ee overnight the 
solution was evaporated and the residue recrystallised from alcohol. The f-methylcellobioside (9-7 g.) 
had m. p. 198° and showed [a]}? —30-0° in water (c, 1-2). 
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6 : 6’-Dimethanesulphonyl Penta-acetyl B-Methylcellobioside (I).—f-Methylcellobioside (11-7 g.) 
dissolved in pyridine (100 c.c.), was treated at 0° with methanesulphonyl chloride (7-4 g., 2 mols.) for 
12 hours, followed by acetic anhydride (40 c.c.) for 4 hours at room temperature according to the method 
of Helferich and Stryk (Joc. cit.). The dimethanesulphonyl penta-acetyl derivative (I) (19 g.) had m, 
197—198° (after recrystallisation from alcohol). Helferich and Stryk (loc. cit.) record m. p. 196—199° 
for this compound. ‘ 

3 : 6-3’ : 6’-Dianhydro-B-methylcellobioside (II).—(a) To an ice-cold solution of dimethanesulphony] 
penta-acetyl 8-methylcellobioside (5 g.) in chloroform (15 c.c.), dry methyl alcohol (15 c.c.) containing 
sodium (1-:21g.) wasadded. Afterthe mixture had been kept overnight the excess of the alkali was removed 
by passing carbon dioxide into the solution, which was then evaporated to dryness. The residue was 
extracted exhaustively with boiling ethyl acetate, and evaporation of this extract gave a partly crystalline 
residue (2 g.). Recrystallisation of this residue from alcohol gave 3: 6-3’: 6’-dianhydro-B-methyl- 
cellobioside (0-5 g.) in the form of prismatic needles (A), m. p. 182—183°, [a]# —201° in water (c, 1-4) 
(Found: OMe, 10-2. CysH yO, requires OMe, 9-7%). Evaporation of the mother-liquors gave a 
syrup from which no more crystals could be obtained. 

(6) Dimethanesulphonyl penta-acetyl B-methylcellobioside (5 g.) was dissolved in chloroform 
(80 c.c.), and dry methyl alcohol (40 c.c.) containing sodium (5 mg.) added. After 17 hours the solution 
was evaporated to dryness. The deacetylated product was a water-soluble glass, which was treated for 
48 hours at room temperature with n-sodium hydroxide solution (20 c.c.). When the excess of alkali 
was neutralised (phenolphthalein) with solid carbon dioxide, crystals (0-7 g.; m. p. 195—210°) separated, 
which upon recrystallisation from alcohol afforded 3: 6-3’ : 6’-dianhydro-B-methylcellobioside, ag 
rectangular plates (B), m. p. 209—210°, [a]#8 —203° in water (c, 1-0) (Found: C, 48-8; H, 6-4, 
Cy3H yO, requires C, 48-7; H, 6-25%). Evaporation of the aqueous mother-liquors gave a further 
0-9 g., m. p. 207—210°. 

The materials (A) (needles) and (B) (plates) are different forms of 3 : 6-3’ : 6’-dianhydro f-methyl- 
cellobioside (II). When crystals (A), m. p. 182—183° (m. p. unaltered after resolidification), were treated 
with methyl-alcoholic ammonia at 0° for 12 hours (cf. Micheel and Bischoff, Annalén, 1936, 525, 66; 
Haworth, Hirst, Smith, and Wilson, /J., 1937, 829), they formed prismatic needles, m. p. 200—202°, and 
when treated with cold N-sodium hydroxide crystals (A) again yielded prismatic needles, m. p. 205—211°. 
Neither of the two specimens prepared from (A) by alkaline treatment depressed the m. p. of crystals (B), 
A mixture of (A) and (B) had m. p. 186—196°. When the crystals (B) were crystallised from alcohol, 
prismatic needles, m. p. 179°, were obtained which showed no depression of the m. p. in admixture with 
crystals (A). The X-ray powder diagrams of all the crystalline fractions were identical. 

Triacetyl 3 : 6-3’ : 6’-Dianhydro-B-methylcellobioside.—Dianhydro-f-methylcellobioside (50 mg.) was 
dissolved in dry pyridine (5 c.c.), and acetic anhydride (1 c.c.) added. After being kept overnight the 
reaction mixture was poured into water, and the aqueous solution extracted with chloroform. The 
extract was washed with water, dried (MgSO,), and evaporated, whereupon the resulting syrup 
crystallised spontaneously. When recrystallised from alcohol the triacetyl derivative formed prisms, 
m. p. 155—156°, [a]}? —127° in chloroform (c, 0-5) (Found: C, 51-1; H, 5-9. Cy 9H,,0,2 requires C, 
51-1; H, 5-8%). 

Treatment of Dianhydro-B-methylcellobioside with Methyl-alcoholic Hydrogen Chloride.—(a) When the 
dianhydride (0-30 g.) was boiled for 7 hours with 1% methyl-alcoholic hydrogen chloride (10 c.c.), the 
solution showed [a]p +48° (constant). The acid was neutralised by means of diazomethane in ether, 
and the solution evaporated under diminished pressure. The syrup so obtained distilled [b. p. 140° 
(bath temp.) /0-03 mm.] as a colourless liquid (0-20 g.), n}} 1-4918, which crystallised on trituration with 
ether. Fractional crystallisation from alcohol—ether-light petroleum provided two fractions: (1) 3: 6- 

anhydro-a-methylglucofuranoside (V) as needles (0-105 g.), m. p. 66—67° (alone or in admixture with 
"an authentic specimen), [a]?! +169° in water (c, 1-45); and (2) 3 : 6-anhydro-8-methylglucofuranoside 
(VI) as plates 10-055 g.), m. p. 94—95° (alone or in admixture with an authentic specimen), [a]j? —48-2° 
in water (c, 1-45). The total yield of the 3: 6-anhydromethylglucofuranosides was 0-16 g. In 
order to achieve the separation of the two components it was necessary to maintain anhydrous 
conditions. 

(b) When the dianhydride (40 mg.) dissolved in methyl alcohol (4 c.c.) was treated at room 
temperature with @ methyl-alcoholic hydrogen chloride (4 c.c.) the solution showed [a]p —92° (after 
2 minutes), —52° (5 minutes), —36° (10 minutes), —28° (15 minutes), —18° (20 minutes), —14° 
(25 minutes), —10° (30 minutes), —8° (35 minutes), —4° (40 minutes, constant value). When this 
solution was boiled for 8 hours a further increase in specific rotation was observed, the final value 
reaching +52° {i.e., the equilibrium value for a mixture of 3 : 6-anhydro-a- and -8-methylglucofuranoside; 
Haworth, Owen, and Smith, Joc. cit.). 

Hepta-acetyl B-Methylmaltoside.—To a suspension of maltose (5 g.) in a mixture of acetic anhydride 
(12-5 c.c.) and glacial acetic acid (25 c.c.) perchloric acid (0-12 c.c., sp. gr. 1-54) was added. The maltose 
dissolved quickly and the temperature of the reaction mixture rose to 60—70°. After 1 hour the solution 
was cooled in ice and treated with a solution (20 c.c.) of hydrobromic acid in glacial acetic acid (saturated 
at 0°). After 30 minutes the ice-bath was removed, and after a further 30 minutes, the reaction mixture 
was poured into ice-water, and the solution extracted 3 times with chloroform. The combined 
chloroform extracts were washed with water, dried (Na,SO,), filtered, and evaporated to dryness under 
reduced pressure. A solution of the resulting glassy solid in methyl alcohol (200 c.c.) was shaken for 
12 hours with silver carbonate (8 g.). The reaction mixture was treated with a little charcoal and 
filtered, and the residue washed with chloroform. Evaporation of the combined filtrate and washings 
gave hepta-acetyl B-methylmaltoside (5-05 g.), m. p. 123—124° (after recrystallisation from absolute 
alcohol) (cf. Irvine and Black, loc. cit.; Schoch, Wilson, and Hudson, Joc. cit.). 

B-Methylmaltoside.—To a solution of hepta-acetyl 8-methylmaltoside (14-7 g.) in dry methyl alcohol 
(90 c.c.) there was added 0-2Nn-sodium methoxide in methyl alcohol (4 c.c.), and the solution was boiled 
under reflux for 1 hour. After addition of charcoal, the solution was filtered and evaporated under 
reduced pressure to an amorphous solid which, crystallised from 95% alcohol, gave B-methylmaltoside 
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as the monohydrate (6-5 g.), m. p. 110—111°, (a]}? +81° in water (c, 2-0) (cf. Irvine and Black, Joc. cit. ; 
Schoch, Wilson, and Hudson, loc. cit.). 

6 : 6’-Dimethanesulphonyl Penta-acetyl Seem serene 9 (III).—A solution of anhydrous £-methyl- 
maltoside (prepared from the crystalline monohydrate (5-2 g.) by heating at 125° under reduced pressure] 
in dry pyridine (50 c.c.) was treated at 0° with a solution of methanesulphonyl chloride (2-1 c.c.) in 
dry pyridine (40 c.c.). After 16 hours at 0°, acetic anhydride (20 c.c.) was added and the mixture kept 
at room temperature overnight. The mixture was poured into ice-water and extracted 3 times with 
chloroform. The combined chloroform extracts were washed with dilute hydrochloric acid (to remove 
pyridine), sodium hydrogen carbonate, and water, dried (Na,SO,), and evaporated under reduced 
pressure. Recrystallisation of the residue from absolute alcohol gave 6 : 6’-dimethanesulphonyi penta- 
acetyl B-methylmaltoside (III), m. p. 175—176°, [a]?? +56-5° in chloroform (c, 1-5) (Found: C, 41-2; 
H, 5:2; S, 88; OMe, 4:3. C,5H,,O09S, requires C, 41-5; H, 5:3; S, 8-8; OMe, 4-3%). From the 
mother-liquors there was obtained a small quantity of another substance, m. p. 153—156° (after 

tallisation from ethyl alcohol), [a]?! +53-5° in chloroform (c, 0-7) (Found: C, 44:95; H, 5-6; 
S, 5-05; OMe, 4-7. Calc. for a monomethanesulphonyl hexa-acetyl p-methylmaltoside, C,,H;,0,,S : 
C, 45-4; H, 5-6; S, 4-7; OMe, 4-5%). 

3 : 6-3’ : 6’-Dianhydro-B-methylmaltoside (IV).—(a) To a solution of 6 : 6’-dimethanesulphony] penta- 
acetyl B-methylmaltoside (2 g.) in dry methyl alcohol (90 c.c.) 1 c.c. of 0-2N-sodium methoxide in methyl 
alcohol was added. After the solution had been kept for 12 hours at room temperature, the solvent was 
removed under reduced pressure to give 6 : 6’-dimethanesulphonyl £-methylmaltoside as a syrup which 
failed to crystallise. To a solution of this syrup in alcohol (5 c.c.) 12 c.c. of N-sodium hydroxide were 
added and the solution was heated for 3-5 hours at 60°. After neutralisation with carbon dioxide and 
filtration to remove inorganic matter the solution was evaporated to dryness under reduced pressure. 
Repeated extractions with ethyl acetate and evaporation of the extracts gave an amorphous solid which, 
crystallised from 95% ethyl alcohol, afforded 3 : 6-3’ : 6’-dianhydro-B-methylmaltoside monohydrate 
(0-45 g.), m. p. 95—101°, [a]? —66° in water (c, 2-4) (Found: C, 46-4; H, 6-65; OMe, 9-3. C,3H»O,,H,O 
requires C, 46-2; H, 6-5; OMe, 9-2%). 

(b) To a solution of triacetyl dianhydro-f-methylmaltoside (0-63 g.; see below) in methyl alcohol 
(140 c.c.) 0-108N-sodium methoxide in methyl alcohol (1-4 c.c.) was added. After 12 hours at room 
temperature removal of the solvent under reduced pressure gave dianhydro-f-methylmaltoside mono- 
hydrate (0-35 g.), m. p. 94—101° (after recrystallisation from 95% alcohol). 

Triacetyl 3 : 6-3’ : 6’-Dianhydro-B-methylmaltoside.—A solution of amorphous dianhydro-f-methy]l- 
maltoside [prepared from 6 : 6’-dimethanesulphonyl penta-acetyl B-methylmaltoside (2 g.) as described 
above] in pyridine (10 c.c.) was treated for 2 hours at 60° with acetic anhydride (10 c.c.). The reaction 
mixture was poured into ice-water, and the solution saturated with sodium sulphate. The crystalline 
solid which separated was filtered off and washed with water. Recrystallisation from absolute alcohol 
gave triacetyl dianhydvo-B-methylmaltoside (0-23 g.), m. p. 218—219°, [a]}? +25-4° in chloroform 
(c, 1-4). The aqueous filtrate and washings were extracted several times with chloroform. After 
washing the combined extracts with water and drying (Na,SO,), removal of the solvent afforded a 
further quantity of triacetyl dianhydro-f-methylmaltoside (0-56 g.) (Found: C, 51-0; H, 5-85; OMe, 
7-4. Cy9H,,0,, requires C, 51-1; H, 5-9; OMe, 7-0%). 

Treatment of Dianhydro-B-methylmaltoside with Methyl-alcoholic Hydrogen Chloride.—(a) Dianhydro- 
B-methylmaltoside monohydrate (0-28 g.) was dissolved in 1% methyl-alcoholic hydrogen chloride 
(10 c.c.), and the solution boiled for 6-5 hours by which time it showed [a]p +53° (constant). The acid 
was neutralised by the addition of ethereal diazomethane, and the solution evaporated to dryness under 
diminished pressure. The — so obtained distilled [b. p. 160° (bath temp.) /0-08 mm.] as a colourless 
liquid (0-23 g.; m}$ 1-4938) and crystallised on trituration with ether. From this mixture there were 
separated in the manner described above, 3 : 6-anhydro-a-methylglucofuranoside (V) (0-115 g.), m. p. 
and mixed m. p. 67°, and 3: 6-anhydro-f-methylglucofuranoside (VI) (0-050 g.), m. p. and mixed m. p. 
94—95°, the combined yield being 0-165 g. 

(6) When a solution of the dianhydride (21-3 mg.) in methyl alcohol (1-5 c.c.), which showed 
[a]?? —67-7° (c, 1-4), was treated with 1% methyl-alcoholic hydrogen chloride (0-2 c.c.), the following 
changes in specific rotation were observed : {a]p +0-6° (1 minute), +32° (1-5 minutes), +51° (3 minutes), 
+59° (5 minutes), +64° (7 minutes), +72° (10 minutes), +'75° (20 minutes), +78° (30 minutes), + 76° 
(45 minutes), +73° (129 minutes), +53° (202 minutes), +51° (24 hours, constant value). 


The authors thank Dr. R. W. H. Small for carrying out the X-ray powder photographs. 
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538. The Euphorbia Resins. Part II. The Isolation of Taraxa- 
sterol and a New Triterpene, Tirucallol, from E. tirucalli. 


By Dennis W. Hatnes and Frank L. WARREN. 


Cocomehegnanic separation of the resin from E. tirucalli gave euphol, previously reported 
by McDonald, Warren, and Williams (this vol., p. S 155), taraxasterol (characterised by its 
derivatives including tavaxasterone oxime), and a new triterpene, tirucallol, CyH,.O. Catalytic 
hydrogenation of tirucallyl acetate gave dihydrotirucallyl acetate, and thence dthydrotirucallol, 
both of which gave a yellow colour in tetranitromethane. Tirucallyl benzoate, oxidised with 
osmic acid and then hydrolysed, gave dihydroxydihydrotirucallol, which with lead tetra-acetate 
yielded acetone. Tirucallol thus contains an isopropylidene group and an inert ethylenic 
linkage, and is a tetracyclic triterpene alcohol. 


CHROMATOGRAPHIC analysis of the resin from E. tirucalli revealed very small quantities of two 
triterpenes in addition to euphol previously reported by McDonald, Warren, and Williams 
(this vol., p. S 155). These compounds were more strongly adsorbed than euphol, but adsorption 
on alumina of different activities was unsatisfactory in that the concentration of the eluant 
remained constant and the fractions showed no conspicuous difference in melting points until 
after crystallisation. The crude resin seemed to contain material which inhibited separation, 
and even euphol was obtained pure direct from the column only by use of the mixture obtained 
from the hydrolysis of the once-crystallised acetylated starting material. In the initial experi- 
ments a large column was first used to effect partial removal of the large quantities of euphol, 
the column was then deactivated, and the remainder of the material washed out and 
rechromatographed through a smaller column, light petroleum then removing the residual 
euphol. A mixture of benzene and light petroleum gave first a new triterpene, firucallol, 
CygH,0, m. p. 133—134°5°, and then the third component, C,g,H ,s0,MeOH or Cy9H 50,H,0, m. p. 
226—227°, which after sublimation at 180°/0°01 mm. had the same melting point but gave 
analytical values corresponding to C3,H 90. 

A more satisfactory method used later was to percolate a light petroleum solution of the crude 
resin through a smaller column until all the euphol and tirucallol had been removed and then to 
elute the third component with light petroleum-benzene. The mixture of euphol and tirucallol 
was then acetylated and crystallised three times from ethanol to give pure euphyl acetate. The 
first mother-liquor, when stored, gave nodular crystals of a mixture whence rapid partial 
dissolution in warm ethanol left an amorphous solid which crystallised from acetone to give pure 
tirucallyl acetate, Cs,H,,O0, ; this was identical with the acetate of tirucallol obtained direct from the 
column, and gave on hydrolysis tirucallol which was further characterised as its benzoate. The 
formula was assigned after molecular-weight determinations by the method of Sandquist and 
Gorton (Ber., 1930, 68, 1025). Catalytic hydrogenation of the acetate revealed the presence of 
one active double bond and gave dihydrotirucallyl acetate, C3,H;,O,, readily hydrolysed to 
dihydrotirucallol. The dihydro-compound gave a light-yellow colour in tetranitromethane, 
indicative of an ethylenic linkage, so that tirucallol contains two double bonds and is tetracyclic. 

To determine the nature of the active ethylenic linkage, tirucallyl benzoate was treated with 
osmic acid and hydrolysed to give dihydroxydihydrotirucallol, which was then oxidised with lead 
tetra-acetate; acetone was obtained. An isopropylidene grouping thus exists in tirucallol, 
which in all the groupings determined is similar to euphol (cf. Newbold and Spring, J., 1944, 251; 
McDonald, Warren, and Williams, Joc. cit.). 

The third component readily gave an acetate, C,.H,;,0,, m. p. 255—256°, which gave on 
hydrolysis an alcohol, m. p. 227—-228°, undepressed on admixture with the original alcohol. The 
suggestion made by Dr. Hs. K. Krusi of these laboratories that the substance was taraxasterol 
was borne out by the properties of its derivatives (Burrows and Simpson, J., 1938, 2042; 
Lardelli and Jeger, Helv. Chim. Acta, 1948, 81, 813) (see table) and, after sublimation at 180° in 
a high vacuum, by analysis. 

B. and S. 
This paper. M. p. L. and J. 
M. p. (uncorr.). [a]p. M. p. lalp. 
226 —227° 221—222° + 95-9° 225—226° + 91° 
Taraxasteryl acetate 251—252 +100°5 256—257° +100 
Taraxastery] benzoate 240—241 +106-8 


Taraxasterone —184°5 175—176 +109-5 is2—1 83 +110 
Taraxasteroxime 266-5—267-5 a — 


Dihydrotaraxasterol 222 —223 — oo 218—220° + ll 
Dihydrotaraxasteryl acetate 264 —265 os a 262—263 + 23 
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It is of interest that taraxasterol has previously been obtained only from the Composite and 
isolated pure only by way of its acetate, whereas we have now obtained it pure direct from the 
material eluted from the column. In view of the isolation of ¥-taraxastanediol as a precursor 
of y-taraxasterol by Morice and Simpson (J., 1938, 2046; 1941, 181) it seemed possible that our 
material, highly adsorbed on, and obtained directly from, the column, might be the dihydric 
precursor which resisted drying at 100° in a high vacuum but was dehydrated by sublimation or 
by acetylation. The material obtained, however, gave a yellow colour in tetranitromethane 
and was smoothly reduced to dihydrotaraxasterol. Power and Browning (j., 1912, 101, 2423) 
who first obtained taraxasterol record a hydrate, C,,H,,0,24H,O, water being determined by the 
loss of weight on drying at 125°, although, since they crystallise from ethanol, C,.H,,0,C,H,O 
would equally well fit their data and would be in conformity with our solvate C,,H,,0,CH,O 
obtained after crystallisation from methanol. 

The previously well-characterised triterpenes isolated from the Euphorbia resins have been 
tetracyclic monohydroxy-compounds, Cy,5H,.O, and the present isolation of the pentacyclic 
taraxasterol belonging to the lupeol group is of significance for assignment of ring structure. 


EXPERIMENTAL. 
All m. p.s are corrected. 


Separation of the Components in the Resin from E. tirucalli L—(a) Powdered resin (25 g.) was dissolved 
in light petroleum (350 ml.; b. p. 35—60°), and after 3 days the insoluble material (3 g.) was filtered off. 
analysed 


The solution was percolated through a column of activated alumina (630 g.; 50 x 3-5 cm.) and 

into 50 fractions of 300 ml. each. These, and the materials obtained from them, may be grouped as 
follows: (i) 1500 ml., trace of yellow gum; (ii) 100 ml., 1-1 g., -2 70—80° (from acetone, m. p. 70—80°) ; 
(iii) 1200 ml., 1-54 g., m. p. 70—80° (from acetone, m. p. 93—96°) ; (iv) 4200 ml., 3-78 g., m. p. 80—90° 
(from acetone, m. p. 105—112°); (v) 600 ml., 0-52 g., m. p. 107° (from acetone, m. p. 112°); and (vi) 
600 ml., 0-42 g., m. p. 79—81°. 

The column was then eluted with benzene-ethanol and the material rechromatographed through 
alumina (200 g.); the eluates and the materials from them may be grouped as follows: (vii) light 
petroleum (b. p. 60—80°) (5130 ml.), 7-51 g., m. p. 96—102°; (viii) 500 ml., 2-15 g., m. p. 125—128°; (ix) 
980 ml., 2-15 g., m. p. 90—101°; (x) 520 ml., 0-8 g., m. p. 190—193°; and (xi) 530 ml., 0-96 g., m. p. 
219—224°. Fractions an pa were obtained by benzene-light petroleum, and all the m. p.s refer to 
material recrystallised from methanol. 

(b) Powdered resin (100 g.) in light petroleum (21.; b. p. 50—70°) was filtered after 2 weeks from the 
insoluble residue (12 g.), and the solution concentrated under reduced pressure to 500 ml. and filtered 
through a column of alumina (300 g.). The column was then developed with (i) light petroleum (6 1.) 
and (ii) light petroleum—benzene (1:1; 1500 m1). 

Tirucallol—The rechromatography of fraction (a; ix) with light petroleum (b. p. 50—70°) through 
alumina (9 x 1 cm.) and crystallisation from methanol gave a solid, m. p. 125—127°, which combined 
with fraction (a; viii) and repeatedly crystallised gave éirucallol as long needles, [a]?? +-4-5° (c, 2 in 
benzene), m. p. 133—134-5°, undepressed on admixture with a specimen obtained by hydrolysis of the 
acetate (Found: C, 84-1; H, 12-0. C3 9H, 9O requires C, 84-45; H, 11-8%). 

Tirucallyl Acetate.-—-(a) Tirucallol (100 mg., 1 mol.), acetic anhydride (500 mg., 20 mols.), and pyridine 
(500 mg., 25 mols.) were heated at 100° for 90 minutes and poured into water. The solid product 
crystallised from acetone, from which tirucallyl acetate separated in long, stout, brittle needles, m. p. 
163-5°, {a]?? —16-7° (c, 1 in benzene) (Found : C, 81-7; H, 11-1. C,,H,,O, requires C, 82-0; H, 11-202). 

(b) The mother-liquor from the first crystallisation of crude euphyl acetate, obtained by acetylation 
of fraction (b; 1), was allowed to evaporate, to deposit a nodular amorphous solid. This was gently 
warmed with vigorous shaking, and the more insoluble portion quickly filtered off and crystallised thrice 
from acetone, to give tirucallyl acetate as long brittle needles, m. p. 162-5—163-5°, undepressed on 
admixture with that recorded in the preceding paragraph. 

Tirucallyl Benzoate.—The alcohol (140 mg.), pyridine (1 ml), and benzoyl chloride (1 ml.) at 100° 
gave a colourless substance which was purified by running an ethereal solution of it through a column of 
alumina and then crystallised from acetone—methanol, to give tirucallyl benzoate in flat plates, m. iP 
eae” [a]?? +10-8° (c, 1 in benzene) (Found: C, 84-0; H, 10-6. C,,H,,O, requires C, 83-7; H, 

0:25%). 

Dihydrotirucallol.—Tirucallyl acetate (303 and 340 mg.) in ethyl acetate (50 ml.) was hydrogenated 
in the presence of Adams’s catalyst (100 mg.), and the absorption was complete after 140 minutes (a 
blank determination was carried out under similar conditions) (observed: 15-4 and 14-0 ml. at N.T.P. 
Calc. for C,,H;,0,: 1 mol. = 14-5 and 16-3 ml., respectively). After 2 hours the product was isolated 
and crystallised from ethanol, to give dihydrotirucallyl acetate as long flat needles, m. p. 147—149°, 
[a]? —11-6° (c, 1 in benzene) (Found: C, 81-7, 81-6; H, 11-4, 11-5. C,,H,,O, requires C, 81-6; H, 
116%), which gave a yellow colour in tetranitromethane. The acetate, hydrolysed with 3% alcoholic 
potash (20 ml.) for 4 hours, gave a solid which, crystallised twice from acetone and then from methanol, 
gave dihydrotirucallol as needles, m. p. 150—151°, [a]? +3° (c, 1 in benzene) (Found: C, 83-9, 84-2; H, 
12-0, 12-2. C,)H,,O requires C, 84-0; H, 12-2%). 

Dihydroxydihydrotirucallol.—Tirucallyl benzoate (500 mg.) and osmic acid (245 mg.) in ether (50 mg.) 
were set oy for 5 days. The solution was then evaporated, and the residue added to a solution of 
potassium hydroxide (1 g.) and mannitol (1-6 g.) in ethanol—benzene (40 ml.) and boiled under reflux for 
5 hours. The solvent was removed under reduced pressure, the residue extracted with ether, and the 
solution percolated through activated alumina (20 g.). Ether (300 ml.) eluted nothing from the column, 
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whilst alcohol (100 ml.) gave a crystalline solid (400 mg.) which, crystallised from ether-light petroleum 

(b. p. 50—60°), gave dihydroxydihydrotirucallol in laminz, m. p. 172—173°, [a]? —26-4° (c, 0-2 in benzene) 

vo . A 114%) 75-9; H, 11-45, 11-3. Cy9H,,0, requires C, 78-2; H, 11-4. CygH,,0,,H,O requires 
, 753; H, 11-4%). 

Oxidation with Lead Tetra-acetate—Dihydroxydihydrotirucallol (192 mg.) in acetic acid (11 ml.) was 
added to lead tetra-acetate (260 mg.) in acetic acid (11 ml.) and set aside for 11 hours at 20°. Water was 
added and 6 ml. of the solution were distilled off. To 2 ml. of the distillate were added 2: 4-dinitro. 
phenylhydrazine (150 mg.), sulphuric acid (0-5 ml.), and ethanol (2 ml.), and the whole was set aside for 
12 hours. Yellow needles, m. p. 124—125°, undepressed by an authentic specimen of acetone 2 : 4-dj- 
nitrophenylhydrazone (m. - 124—125°), were obtained. Complete removal of the solvent gave a white 
solid which showed aldehydic properties but could not be separated pure or oxidised to an acid. 

Taraxasterol.—Material obtained from fractions (a; x and xi) and from (b; ii) was crystallised 
3 times from methanol, to give taraxasterol as colourless needles, m. p. 226—227°, [a]?? +108° (c, 1 in 
benzene) (Found: C, 81-6; H, 11-6. C,,H,,0,CH,°OH requires C, 81-1; H, 11-9%). Sublimation of 
taraxasterol at 180°/0-01 mm. gave fine needles, m. p. 226—227° (Found : C, 84-4; H, 11-8. Cale. for 
CypH oO: C, 84-45; H, 11-8%). Acetylation of the alcohol (100 mg.) with acetic anhydride (2 m1.) in 
pyridine (3 ml.) at room ee ap eee for 72 hours and crystallisation of the product from acetone gave 
taraxasteryl acetate as rly plates, m. p. 255—256°, (a]?? +98° (c, 1 in benzene), unchanged after 
several crystallisations (Found: C, 81-45; H, 11-1%; M, 465+1. Calc. for C,,H,,0,: C, 82-0; H, 
11-2%; M, 469). Hydrolysis with alcoholic potash gave taraxasterol. Benzoylation of the alcohol 
(100 mg.) in pyridine (2 ml.) with benzoyl chloride at 100° for 3 hours and pouring the mixture into water 
gave a sticky red mass. The ethereal extract was washed with sodium carbonate solution, dried, and 
percolated through a column of alumina (6 x 1 cm.) and a layer of charcoal to give a colourless solution. 
Crystallisation of the extract from methanol—acetone gave taraxasteryl benzoate as long, colourless 
needles, m. p. 242—244°, [a]? +110° (c, 1 in benzene), unchanged after several crystallisations (Found : 
C, 83-05, 83-3, 83-4; H, 10-3, 10-2, 10-4. Calc. for C;,H,,0O,: C, 83-7; H, 10-25%). 

Taraxasterone.—Copper oxide (100 mg.) was added during 5 minutes to taraxasterol (500 mg.) at 
300° in an atmosphere of carbon dioxide, and the temperature maintained for 20 minutes. The product, 
in light petroleum (b. p. 50—70°), was percolated through alumina and then crystallised 3 times from 
acetone, to give taraxasterone as brittle, stellate crystals, m. p. 184—184-5°, [a]?? +147° (c, 1 in chloroform) 
(Found : C, 84-4; H, 11-0. Calc. for C,,H,,0: C, 84-8; H, 11-4%). The oxime crystallised from ethanol 
in stout, brittle needles, m. p. 266-5—267-5°, [a]?? +96° (c, 1 in chloroform) (Found: C, 81-9; H, 11-2. 
CypHygON requires C, 81-9; H, 11-2%). 

Dithydrotavaxasterol.—Taraxasterol (302 mg.) in ethyl acetate—acetic acid (1 : 1; 100 ml.) with platinum 
oxide (50 mg.) was hydrogenated as described for the tirucallyl acetate. The hydrogen absorption was 
complete in 1 hour (observed: 14-7 ml. at N.T.P. Calc. for Cy.H,0O,CH,;-OH: 1 mol. = 15-2 ml). 
The product crystallised from chloroform—methanol to give dihydrotaraxasterol as needles, m. p. 222— 
223°, [a]?? +11° (c, 1 in chloroform), giving no colour in tetranitromethane (Found: C, 83-5; H, 12-1. 
Calc. for Cy5H,,0: C, 84:0; H, 12:2%). Acetylation of the alcohol (200 mg.) with acetic anhydride in 
pyridine and crystallisation of the roduct 3 times from ethanol gave dihydrotaraxastery] acetate as very 
long needles, m. p. 264—265°, [a]? +25 (c, 1 in chloroform), which gave no colour in tetranitromethane 
(Found: C, 81-4; H, 11-55. Calc. for C,,H,,0,: C, 81-6; H, 11-6). 
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539. Synthetic Antimalarials. Part XLIV. The Preparation of 
Diguanides by the Reaction of Substituted Amino- (including Guan- 
idino-)magnesium Halides with the N-C=N Group. 

By S. BrrTweE tt, (the late) F. H. S. Curp, and F. L. Rose. 


The addition of substituted aminomagnesium halides to compounds containing the 
>N-C=N group has been investigated. Diguanides are formed from cyanamides and 
substituted guanidinomagnesium halides, and from cyanoguanidines and substituted amino- 
magnesium halides. With N’-cyano-N-p-chlorophenylguanidine however, the main product of 
the reaction is N-cyano-N’-p-chlorophenylcyanamide. The mechanism of its formation is con- 
sidered to be the same as that outlined in the following paper (Part XLV) for the production of 
cyanamides from alkyl- and aryl-magnesium halides and cyanoguanidines. 


AmIno- and substituted amino-magnesium halides are known to react with esters (Bodroux, 
Bull. Soc. chim., 1906, 35, 519), aldehydes (Tschelinzeff et al., ibid., pp. 181, 184, 190), and carbon 
dioxide (Houben, Ber., 1904, 37, 3978; ibid, 1905, 38, 3017) in substantially the same manner as 
ordinary Grignard reagents. Their reaction with nitriles has recently been utilised for the 
preparation of amidines by Hullin, Miller, and Short (J., 1947, 394) who found that in some 
instances yields were poorer than those obtained by more orthodox methods and varied con- 
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siderably for different combinations of nitrile and substituted aminomagnesium halide. The 
route however has been found by Lorz and Baltzly (J. Amer. Chem. Soc., 1948, 70, 1904) to be 
of value when aromatic nitriles and dialkylaminomagnesium halides are employed and is 
recommended for the preparation of NN-dialkylated arylamidines containing a substituent 
ortho to the amidino-group since the addition is not subject to steric hindrance. 
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A result of particular interest to us was the observation by Hullin, Miller, and Short (loc. 
cit.) that s-tetraethylguanidine was formed in 58% yield by the reaction of diethylcyanamide 
and diethylaminomagnesium bromide, showing that the >N-C==N group behaved in the same 
manner as simple nitriles (CCC==N). Addition to this group was a potential preparative method 
for diguanides of the ‘‘ Paludrine” type (I; R= p-C,H,Cl, R’= R” =H, R”’ = Pr‘) 
(J., 1946, 730), and in the investigation to be described we have extended the reaction to 
cyanamides and guanidino-magnesium halides (a; i and ii) and to cyanoguanidines and amino- 
magnesium halides (bd). 

Preparatory to the study of reactions of type (a) it was established that the reaction of 
substituted guanidines—the particular case investigated was p-chlorophenylguanidine—with 
one molecule of ethylmagnesium iodide in ether at room temperature is principally one of metal- 
ation with evolution of ethane. The complex regenerates p-chlorophenylguanidine on 
hydrolysis, and a structure such as (II; R = p-C,H,Cl, R’ = H) conveniently accounts for this 
and other reactions, although it is realised that the true structure will be essentially ionic and 
exhibit resonance effects. 

Such guanidinomagnesium halides reacted with disubstituted cyanamides in boiling ether, 
to give complexes which yielded diguanides on hydrolysis (a; i). The diguanides were isolated 
mainly as their hydrochlorides, many of which are only slightly soluble in neutral solution 
(Part X, J., 1946, 732). With phenylmethylcyanamide and NN-dimethylguanidinomagnesium 
iodide (II; R = R’ = Me), ready addition occurred, giving, in anisole—ether as solvent, a 48% 
yield of pure N!-phenyl-N1N®N5-trimethyldiguanide (I; R = Ph, R’, R”, R’’ = Me). On the 
other hand, the same cyanamide with p-methoxyphenylguanidinomagnesium iodide in ether 
gave N*-phenyl-N1-p-methoxyphenyl-N*-methyldiguanide (I; R = p-C,H,OMe, R’ = H, 
R” = Ph, R’” = Me) (as hydrochloride) in only 7% yield. Diethylcyanamide and p-methoxy- 
phenylguanidinomagnesium iodide gave 12% of diguanide. These large variations in yield are 
probably due to differences in solubility of the guanidinomagnesium halides and the resultant 
complex in ether, as well as to the electronic effect of substituent groups. 

To effect the reaction (a, ii) with monosubstituted cyanamides, two molecules of guanidino- 
magnesium halide were employed to allow for replacement of the acidic cyanamide hydrogen 
by MgI and for liberation of guanidine. No diguanide formation was observed when p-chloro- 
phenylcyanamide and NN-dimethylguanidinomagnesium iodide were heated together for 24 
hours under reflux in ether, or from cyclohexylcyanamide and /-chlorophenylguanidino- 
Magnesium iodide under similar conditions, but in anisole at 95—100°, the latter components 
gave N}-p-chlorophenyl-N*-cyclohexyldiguanide (I; R=C,H,Cl, R’, RY” =H, R” = 
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CH<([CH,],), isolated as its hydrochloride, in 69% yield (calculated on cyanamide cop. 
sumed). Similarly, isopropylcyanamide gave 55% of N'-p-chlorophenyl-N*-isopropyldiguanide 
(I; R= p-C,H,Cl, R’ =H, R” = Pr’, R’” =H). The use of anisole for the conversion of mono- 
arylcyanamides into diguanides was not successful. Thus p-chlorophenylcyanamide could not 
be induced to react with methyl- or dimethyl-guanidinomagnesium iodide under any conditions, 
but when its sodium salt was employed approximately 1% of N*-p-chlorophenyl-N*-methyi- 
diguanide (I; R= -C,H,Cl, R’, R” =H, R” = Me) was obtained. Only 2% of Ni. 
methoxyphenyl-N°-isopropyldiguanide (I; R= ~-C,H,OMe, R’ =H, R” = Pri, R” = H) 
resulted from the reaction between p-methoxyphenylcyanamide and isopropylguanidinomag. 
nesium iodide in anisole at 95—100°. 

A similar difficulty in the addition of alkylmagnesium halides to monosubstituted cyanamides 
was experienced by Busch and Hobein (Ber., 1907, 40, 4296), although Adams and Beebe (J, 
Amer. Chem. Soc., 1900, 22, 190) and Vuylsteke (Bull. Acad. Sci. Belge, 1926, 12, 535) found 
that disubstituted cyanamides reacted with facility. The replacement of the acidic hydrogen 
of the monosubstituted cyanamides by Mgl, giving a much less reactive compound, probably 
accounts for these differences. 

No comprehensive study of the reaction between cyanoguanidines and aminomagnesium 
halides (b) has been made. A Zerewitinoff determination in amyl ether shows that two atoms 
of hydrogen in N-cyano-N’-p-chlorophenylguanidine are reactive and it is probable that the 
first reaction with aminomagnesium halides is metalation. We have made no attempt to 
ascertain either its extent or the particular hydrogen atoms replaced. Usually two molecules 
of Grignard reagent were employed to one of N-cyano-N’-p-chlorophenylguanidine, but solubility 
considerations make it probable that local reactions occur in which more than two molecular 
proportions of Grignard reagent are involved, with some of the cyanoguanidine remaining 
unattacked. The variable yields from this type of reaction are illustrated by the following 
examples. ’ 

Equimolecular proportions of N-cyano-N’-p-chlorophenylguanidine and isopropylamino- 
magnesium iodide, heated under reflux for 24 hours in ether, gave a trace of diguanide, detected 
by colour reaction with ammoniacal copper sulphate and benzene (cf. Gage and Rose, Ann, 
Trop. Med. Parasit., 1946, 40, 333), but 85% of the N-cyano-N’-p-chlorophenylguanidine was 
recovered unchanged. Doubling of the proportion of isopropylaminomagnesium iodide gave 
the diguanide hydrochloride in approximately 1% yield. On the other hand, N-cyano-N’- 
isopropylguanidine (1 mol.) and 3 : 4-dichloroanilinomagnesium bromide (1 mol.) under similar 
conditions gave an 8% yield of the diguanide. A 22% (crude) or 12% (pure) yield of N'-p- 
chlorophenyl-N5-methyl-N5-isopropyldiguanide hydrochloride (I; R= p-C,H,Cl, R’ =H, 
R” = Me, R’”’ = Pr’) was obtained from N-cyano-N’-p-chlorophenylguanidine and methyl- 
isopropylaminomagnesium iodide (2 mols.). 

A feature of all the reactions investigated involving N-cyano-N’-p-chlorophenylguanidine 
and aminomagnesium halides was the production of considerable quantities of p-chlorophenyl- 
cyanamide: for example, 13% with one molecule of isopropylaminomagnesium iodide, 35% 
with two molecules thereof, and 24% with two molecules of methylisopropylaminomagnesium 
iodide. Similar results were obtained with alkyl- or aryl-magnesium halides (see Part XLV). 
The mechanism (c) is proffered in explanation, involving initial replacement of two or more of 
the active hydrogen atoms of the cyanoguanidine, the particular hydrogen atoms replaced 
being unimportant, followed by ionisation and subsequent rearrangement of the intermediate 
complex ion to give the more stable cyanamide ions. 


EXPERIMENTAL. 
All m. p.s are uncorrected. 

The Grignard reagents of approximately 2m. concentration which were used in this work were made 
in bulk and stored in amber-g bottles under nitrogen for use as required (cf. Braude and Stern, /., 
1946, 404). They were standardised by the usual acidimetric titration method (Gilman ef al., J. Amer. 
Chem. Soc., 1923, 45, 150; Gilman, Zoellner, and Dickey, ibid., 1929, 51, 1576). 

Reactions bet: Guanidi gnesium Halides and Disubstituted Cyanamides.—The same procedure 
was adopted for all these reactions, but in individual cases special precautions were taken to obtain 
anhydrous guanidines, and different techniques were evolved for working up the products. The general 
ye Ang is described and specific details are indicated under the headings of the individual 

iguanides. 

General method. A solution of alkylmagnesium halide, approximately 2m., in ether (0-1 g.-mol.) 
was added gradually to the stirred suspension of the guanidine (0-1 g.-mol.) in dry ether or anisole (50 
c.c.). The product of the reaction was usually a hard, tarry substance, and stirring was difficult. After 
the mixture had been heated under reflux for 15—30 minutes to ensure that reaction was complete, the 
flask and contents were cooled to room temperature. A solution of the disubstituted cyanamide (0-1 
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-mol.) in ether (50 c.c.) was added and the mixture heated under reflux, with stirring whenever possible, 
18—24 hours. It was then cooled in ice-water, and the complex decom by addition of hydro- 
chloric acid (40 c.c.; 4 1-18) in ice-water (100 c.c.), sufficient to dissolve the solid. The two layers 
were then separated. The ethereal layer was decolourised by shaking it with dilute sodium hydrogen 
sulphite solution, separated, neutralised, dried (NaHCO,-Na,SO,), and evaporated to dryness. The 


aqueous layer was made alkaline to brilliant-yellow test-paper with ammonia and worked up as described 
under the individual preparations. — s 

N!-Phenyl-N5-p-methoxyphenyldiguanide. p-Methoxyphenylguanidine (16-5 g.), ethylmagnesium 
jodide in ether (55 c.c.), and phenylmethylcyanamide (13-2 g.) were treated as described above. The 
ethereal solution, on evaporation, yielded unchanged phenylmethylcyanamide (8-0 g.) as an oil which 
crystallised overnight to give a solid, m. p. 30—32°. The aqueous solution, on being made alkaline with 
aqueous ammonia, gave an oil which partly solidified when dissolved ether was removed on the steam- 
bath. The solution was decanted, and the residue stirred with benzene. The insoluble material was 
collected, washed with benzene, and dissolved in warm 2n-hydrochloric acid (50c.c.). When this solution 
was poured into 2N-sodium hydroxide (100 c.c.), a solid was precipitated which was extracted with warm 
benzene. The benzene solution was filtered from crystals which were deposited on cooling and then 
extracted with 2n-hydrochloric acid. Rendering alkaline with aqueous ammonia precipitated an oil 
which solidified when kept and scratched. On recrystallisation from water the diguanide hydrochloride 
(23 g.), m. p. 216—218° (Found: C, 57-5; H, 5-8; Cl’, 10°8. C,,H,,ON,,HCI requires C, 57-6; H, 
6-0; Cl’, 10-7%), was obtained. ; 

N'-Phenyl-N!N®N5-trimethyldiguanide. NN-Dimethylguanidine sulphate (13-6 g.) was heated under 
reflux for 45 minutes with a solution of sodium methoxide (sodium, 2-3 g.; methanol, 50 c.c.). Pre- 
cipitated sodium sulphate was filtered off and washed with methanol (20 c.c.), and the filtrate evaporated 
to dryness under reduced pressure. Anisole (75 c.c.) was added and distilled off in vacuo to remove 
traces of methanol. The residue was suspended in anisole (50 c.c.) and treated with ethylmagnesium 
iodide (55 c.c.) and phenylmethylcyanamide (13-2 g.) as previously described. To facilitate separation 
of the anisole-ether layer a further quantity of ether was added. Only a trace of residue was obtained 
on evaporation of this extract in vacuo, and this was discarded. 

The aqueous solution gave no deposit when made slightly alkaline with aqueous ammonia. Concen- 
trated athens hydroxide solution was therefore added until an alkaline reaction to Clayton-yellow was 
obtained. The precipitated magnesium hydroxide and diguanide were filtered off, and both solid and 
filtrate extracted with benzene. After being dried (Na,SO,), the benzene extract was evaporated to 
dryness under reduced pressure leaving the crude base (10-4 g), m. p. 96—103°. After 2 recrystallisations 
from cyclohexane (charcoal) the diguanide was obtained having m. p. 105—106° (Found: N, 32:1. 
Cy HyNs — N, 32-0%). 

N1-p-Methoxyphenyl-N*N*-diethyldiguanide. Diethylcyanamide (9-8 g.), p-methoxyphenylguanidine 
(16-5 g.), and ethylmagnesium iodide in ether (55 c.c.), after decomposition of the addition complex and 
treatment of the aqueous acid solution with aqueous ammonia, deposited the crude diguanide hydro- 
chloride as an oil which solidified after removal of dissolved ether on the steam-bath. The hydro- 
chloride was filtered off, washed with water, and dissolved in 2N-hydrochloric acid. Addition to excess 
of sodium hydroxide solution gave the base which was filtered off, washed with water, and dried at 65° 
(yield, 4 g.). After recrystallisation from cyclohexane it had m. p. 97—98°, undepressed on admixture 
with an authentic specimen. 

Reactions bet M bstituted Cyanamides and Guanidinomagnesium Halides.—General method. 
The reactions were carried out at 95—-100°. The guanidines (0-1 g.-mol.) were stirred in dry anisole 
(75 or 100 c.c.), and the ethereal solution of alkylmagnesium halide (0-1 g.-mol.) was added. The aomper- 
ature was then gradually raised to 95—100°, distilling off the ether, this temperature was maintained for 
15—30 minutes, and the cyanamide (0-05 g.-mol.) was added as a solution in anisole (25 c.c.) or in the pure 
state. The reaction temperature was maintained for 18—24 hours, and the product after cooling to 20° 
was decom with hydrochloric acid in the usual manner. 

N!-p-Chlorophenyl-N*-methyldiguanide. Sodium (2-3 g.) was dissolved in methanol (25 c.c.), and 
p-chlorophenylcyanamide (15-2 g.) added. The solution was filtered and evaporated to small bulk under 
reduced pressure. The semisolid residue was stirred with dry ether, filtered off, and well washed. After 
being dried in vacuo over phosphoric oxide, the sodium salt of p-chlorophenylcyanamide was obtained as 
a fine white powder (10-9 g.). 

Methylguanidine was obtained from methylguanidine sulphate (12-2 g.) by the technique described 
above for the preparation of dimethylguanidine from its sulphate (cf. N'-phenyl-N1N*N*-trimethyl- 
diguanide). It was treated with ethylmagnesium iodide (48 c.c.) and sodium p-chlorophenylcyanamide 
(8-8 g.) in the manner outlined in the general method. -Chlorophenylcyanamide (3-35 g.) was recovered 
by evaporation of the anisole-ether extract in vacuo. To the aqueous solution, concentrated sodium 
hydroxide solution was added until an alkaline reaction to Clayton-yellow test-paper was obtained. 
The magnesium hydroxide was filtered off, and the filtrate and filter-paste were extracted with benzene. 
The diguanide in the benzene was extracted with 2n-hydrochloric acid and precipitated as the hydro- 
chloride by making it slightly alkaline with aqueous amnmionia. The crude product was tarry, but the 
residue after stirring with ether and filtration was a white powder which after crystallisation from water 
had m. p. and mixed m. P: 239—240° (yield, 0-1 g.). 

N!-p-Chlorophenyl-N*-cyclohexyldiguanide. An ethereal solution containing approximately 0-05 
&.-mol. of cyclohexylcyanamide, prepared by the method described by Ainley, Curd, and Rose (this vol., 
Pp. 96), was evaporated under reduced pressure. The residue was dissolved in anisole (25 c.c.) and added 
to the product of reaction of p-chlorophenylguanidine (17-0 g.) and ethylmagnesium iodide in anisole 
(75 c.c.). The general method d above was subsequently followed. The yy othe ee 
chloride was largely insoluble in the dilute hydrochloric acid-anisole mixture. It was fil off, 
dissolved in 2n-hydrochloric acid (300 c.c.) at 60° and clarified and decolourised by filtration through 
keiselguhr and treatment of the filtrate with charcoal. The clear solution was made alkaline with 
aqueous ammonia and cooled, N1-p-chlorophenyl-N*-cyclohexyldiguanide hydrochloride being deposited 
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(10-4 g.), having m. p. 256—258°. A further quantity of this material was obtained from the origina} 
anisole-hydrochloric acid filtrate. The anisole was separated and the aqueous solution made alkaline 
with aqueous ammonia. The precipitate was collected and washed, redissolved in boiling 2n-hydro. 
chloric acid, and poured into excess of sodium hydroxide solution. The base was filtered off, washed 
well, redissolved in hot 2n-hydrochloric acid, and neutralised with aqueous ammonia. Yield, 1-0 B.; 


m. P. 256—258°. The free base was obtained from the hydrochloride by dissolving it in aqueous. 
alcoholic hydrochloric acid and pouring the mixture into excess of sodium hydroxide solution. The 


crystalline precipitate was collected, well washed with water, and recrystallised from ethanol (charcoal) 
whereafter it had m. p. and mixed m. p. 179—180° (yield, 6-0 g.). . 

N!-p-Chlorophenyl-N®-isopropyldiguanide. This was similarly prepared from an ethereal solution 
of isopropylcyanamide (0-05 g.-mol. approx.) (this vol., p. 96), p-chlorophenylguanidine (17-0 g.), and 
ethylmagnesium iodide. On decomposition with hydrochloric acid three layers formed. The aqueous 
solution was separated and the remainder extracted further with 0-1N-hydrochloric acid (2 x 50 c.c,) 
at 50—60°. The combined acid extracts were cooled, stirred with charcoal, and filtered. A precipitate 
was obtained by neutralisation with aqueous ammonia. It was collected, well washed with water 
redissolved in 2N-hydrochloric acid (100 c.c.), and poured into excess of sodium hydroxide solution, 
The base was filtered off, washed, and redissolved in 2N-hydrochloric acid. The solution was clarified 
and the hydrochloride precipitated with aqueous ammonia (yield, 8-0 g.; m. p. 248—249°). After 
recrystallisation from water (carbon), it had m. p. and mixed m. p. 250—251° (yield, 6-2 g.). 

N!-p-Methoxyphenyl-N-isopropyldiguanide. (a) This was prepared as above from an ethereal 
solution of isopropylcyanamide (approx. 0-05 g.-mol.), p-methoxyphenylguanidine (16-5 g.), and 
ethylmagnesium bromide. The aqueous hydrochloric acid solution was separated from the anisole and 
neutralised with aqueous ammonia. When kept overnight the crude hydrochloride crystallised (1-3 g.) 
and had m. p. 208—210°. After two crystallisations from water it had m. p. and mixed m. p. 232—234°, 

(b) Anhydrous isopropylguanidine was prepared from isopropylguanidine sulphate by the method 
previously described for NN-dimethylguanidine. It was treated in the usual manner with ethyl- 
magnesium iodide and p-methoxyphenylcyanamide (7-4 g.). After decomposition of the complex with 
hydrochloric acid, the aqueous portion was separated and made alkaline to Clayton-yellow with 
concentrated sodium hydroxide solution. The precipitate of magnesium hydroxide and product was 
filtered off, and both filtrate and precipitate were extracted with benzene. The benzene solution was 
shaken with dilute hydrochloric acid, and the aqueous extract separated. On neutralisation with 
aqueous ammonia and salting out with ammonium chloride, a precipitate of the diguanide hydrochloride 
was obtained (0-6 g.), having m. p. 215—-222°. Recrystallised from water (carbon) it had m. p. and mixed 
m. p. 230—231° (0-25 g.). 

Reactions between Cyanoguanidines and Substituted Aminomagnesium Halides.—Cyano-p-chlorophenyl- 
guanidine and isopropylaminomagnesium iodide. (a) isoPropylamine (0-2 g.-mol., 11-8 g.), dissolved 
in ether (100 c.c.), was stirred while ethylmagnesium iodide solution (0-2 g.-mol., ca. 100 c.c.) was added 
gradually. The reaction was completed by heating the mixture under reflux for ca. 15 minutes. 
N-Cyano-N’-p-chlorophenylguanidine (0-1 g.-mol., 19-5 g.) was added, and the mixture stirred and 
heated under reflux for 18 hours. The flask was then cooled in ice, and the reaction product decomposed 
by the addition of hydrochloric acid solution (hydrochloric acid, d 1-18, 50 c.c.; ice-water, 250 c.c.). 
Unchanged guanidine (11-2 g.), m. p. 202—-204°, was filtered off and the filtrates were separated into the 
two layers. The aqueous layer was made slightly alkaline with aqueous ammonia and dissolved ether 
removed in vacuo. The diguanide hydrochloride was salted out with ammonium chloride. It was 
redissolved in a small amount of 2n-hydrochloric acid, clarified, and poured into an excess of sodium 
hydroxide solution. The precipitate was dissolved in benzene and separated, and the diguanide extracted 
with 2Nn-hydrochloric acid. On neutralisation with aqueous ammonia a crystalline precipitate was 
obtained, identified as N1-p-chlorophenyl-N5-isopropyldiguanide hydrochloride (0-05 g.) by m. p. and 
mixed m. p. with an authentic specimen, 247—-249°. The ethereal extract was washed with water and 
extracted with 2N-sodium hydroxide; p-chlorophenylcyanamide was precipitated by hydrochloric acid, 
with addition of ice. The precipitate was dissolved in ether and dried (Na,SO,), and the solution 
evaporated to dryness. Yield, 5-4 g. On recrystallisation from ether the substance was obtained as 
colourless prisms, m. p. 108—109° (Found: C, 55-2; H, 3-6; N, 18-2; Cl, 22-9. C,H,N,Cl requires 
C, 55-1; H, 3-3; N, 18-4; Cl, 23-3%). Its structure was confirmed by hydrolysis to p-chlorophenylurea, 
m. p. and mixed m. p. with an authentic specimen, 212—-213°. 

(b) The experiment described was repeated with use of only 0-1 g.-mol. of isopropylamine (5-9 g.). 
N-Cyano-N’-p-chlorophenylguanidine (16-6 g.) was recovered, and rather crude p-chlorophenylcyanamide 
(2-0 g.), m. p. 87—91°, was also obtained. The aqueous solution gave a positive colour reaction when 
tested with ammoniacal copper sulphate and benzene, but no diguanide was isolated. 

N-Cyano-N’-p-chlorophenylguanidine and methylisopropylaminomagnesium iodide. (a) N-Cyano- 
N’-p-chlorophenylguanidine (19-5 g.), treated in a similar manner with 0-2 g.-mol. of methylisopropyl- 
aminomagnesium iodide (from 15 g. of methylisopropylamine), gave largely unchanged material, m. p. 
204—206°, but some crude diguanide hydrochloride (6-6 g.), m. p. 214—216°, was obtained on making 
the acid extract alkaline with aqueous ammonia. This, on purification by precipitation of the base, 
gave 3-6 g., having m. p. and mixed m. p. with an authentic specimen, 247—-248°. The ethereal extract 
was washed and dried as previously described. It was then diluted with an equal volume of light 
petroleum (b. p. 40—60°), and a further amount of sls» eral tranny ay oe (0-9 g.) which 
was precipitated was filtered off. The filtrate on evaporation to dryness gave p-chlorophenylcyanamide, 
m. p. 102—104° (3-6 g.). 

(0) A similar result was obtained when the complex derived from the reaction between N-cyano- 
N’-p-chlorophenylguanidine and methylisopropylmagnesium iodide was decomposed with ammonium 
chloride solution. 

isoPropyldicyandiamide and p-phenetidi nesium iodide. The reaction was carried out in the 
usual way, but anisole (100 c.c.) was employed as the solvent, and the temperature was maintained at 
20—25°. Molecular proportions of p-phenetidine (14-0 g.), ethylmagnesium iodide, and N-cyano-N’- 
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isopropylguanidine (12-6 g.) were also used. The aqueous extract resulting from the decomposition with 
dilute hydrochloric acid was clarified by stirring it with kieselguhr and filtration. The filtrate was made 
alkaline with aqueous ammonia and steam-distilled, and the residue filtered off after cooling. It was 
then dissolved in cold water (250 c.c.), some tarry substance filtered off, and the filtrate salted out with 
ammonium chloride (50 g.). The precipitate (5-8 g.), m. p. 244°, was Se. from water (75 c.c.) 
(charcoal), giving N*-p-ethoxyphenyl-N*-isopropyldiguanide hydrochloride (3-0 g.), m. p. 245—247°, 
undepressed on admixture with authentic material. 

N-Cyano-N’-isopropylguanidine and 3: 4-dichloroanilinomagnesium bromide. 3 : 4-Dichloroanilino- 
magnesium bromide was prepared from 3 : 4-dichloroaniline (10-9 g.) and a molecular proportion of 
ethylmagnesium bromide and treated in the usual way with N-cyano-N’-isopropylguanidine (8-5 g.) in 
ether under reflux. The neutralised hydrochloric acid extract yielded an oil which solidified on removal 
of ether on the steam-bath. It was filtered off and stirred with benzene, much material then dissolving. 
The residue was collected, well washed with benzene, dried, and recrystallised from water fenebont. 
N1-3 : a. i eee hydrochloride (1-8 g.) crystallised, having m. p. 245— 
246°, undepressed on admixture with an authentic specimen. 
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540. Synthetic Antimalarials. Part XLV. Reactions between Mono- 
substituted Cyanoguanidines and Grignard Reagents leading to N-p- 
Chlorophenylguanylamidines. 

By STANLEY BIRTWELL. 


N-Cyano-N’-p-chlorophenylguanidine and ethylmagnesium iodide have been shown to 
undergo at least two reactions: (a) replacement of two or more of the acidic hydrogen atoms of 
the cyanoguanidine moiety by MglI to give a highly charged complex ion which by electron 
redistribution undergoes fission to more stable ions of smaller charge, appearing on ultimate 
hydrolysis as p-chlorophenylcyanamide and cyanamide, and (b) addition of the Grignard reagent 
to the C=N group of the metalated cyanoguanidine derivatives, and possibly to dicyandiamide 
itself, with formation of a complex, eventually leading to N-p-chlorophenylguanylpropion- 


amidine, N-p-chlorophenylguanidine, or ee ee depending on 


the nature of the hydrolytic agent employ 

At 90—100° the complex formed by reaction (b) decomposes, giving, as one of the products, 
p-chlorophenylcyanamide (as the MglI derivative) which may add on any Grignard reagent 
present to give N-p-chlorophenylpropionamidine on hydrolysis. 

The reaction has been employed with other Grignard reagents for the synthesis of a series 
of N-p-chlorophenylguanylamidines which have been tested for plasmodicidal activity on 
P. gallinaceum in chicks. All were ineffective. 

The reactions appear to be general for monosubstituted cyanoguanidines, but in some 
cases the guanylamidine cannot be isolated owing to ready hydrolysis of the addition complex 
to the corresponding guanidine. 


In Part XXX of this series (J., 1948, 1645) it was shown that replacement of the terminal iso- 
propylamino-group of “‘ Paludrine”’ (I) by the isopropylthio-group, as in N-p-chlorophenylguanyl- 
S-isopropylisothiourea (II), entailed a complete loss of antimalarial activity. Nevertheless, on 


p-C,H,Cl‘NH-C‘NH-C-NHPri p-C,H,Cl-NH-C-NH-C-SPri p-C,H,Cl-NH-C-NH-C-CH,Pr! 
H NH H NH H NH 
(I.) (II.) (III.) 


account of the formal resemblance of the guanylamidines to (I) [cf. p-chlorophenylguanyliso- 
valeramidine (III)}] it was considered desirable to determine the effect of a similar replacement 
of the terminal alkylamino-group by the next higher homologue of the alkyl] residue. 

One of the many possible methods of preparation of these new amidine derivatives lay in the 
reaction of cyanoguanidines, in particular N-cyano-N’-p-chlorophenylguanidine (IV) with 
Grignard reagents. It is known that linking a C=WN group through a nitrogen atom as in the 


p-C,H,Cl‘NH-C-NH-CN 
H NRR’-CN p-C,H,Cl‘-NH-CN 
(IV.) (V.) (VI.) 


cyanamides (V) does not fundamentally alter the normal addition reaction between the cyano- 
group and Grignard reagents, so that amidines are obtained on hydrolysis (Busch and Hobein, 
Ber., 1907, 40, 4296; Adams and Beebe, J. Amer. Chem. Soc., 1916, 88, 2768; Vuylsteke, Bull. 
Acad. Sci. Belge, 1926, 12, 535), although the yields from monosubstituted cyanamides (V; 
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R’ = H) are reported to be low. The chances of obtaining guanylamidines by this method 
therefore appeared to be good. It was expected, however, that the adjacent guanyl group— 
(IV) may be regarded as p-chlorophenylguanylcyanamide—would modify the reactivity of the 
cyanamide, there being a somewhat loose analogy with the a- and $-amino-nitriles which undergo, 
besides normal addition, more complex reactions with Grignard reagents (see Migrdichian, 
“The Chemistry of Organic Cyanogen Compounds,” Reinhold Publ. Corp., 1947, 253). The 
factor which eventually decided the selection of this method for investigation was the novel 
reaction observed in the previous communication, by which p-chlorophenylcyanamide (VI) was 
produced by the action of substituted aminomagnesium halides on N-cyano-N’-p-chlorophenyl- 
guanidine (IV), since, in the event of a similar formation of this substance by the action of 
Grignard compounds themselves the mechanism of the reaction might be more easily elucidated, 

The reactions occurring between the cyanoguanidine (IV) and ethylmagnesium iodide have 
been studied. In ether at room temperature (IV) was recovered substantially unchanged on 
hydrolysis of the complex derived from equimolecular proportions of the reactants. A slight 
excess of Grignard reagent (3°2—3-4 mols.), however, gave a complex which on hydrolysis with 
ammonium chloride solution yielded p-chlorophenylcyanamide (VI), together with N-p-chloro- 
phenylguanylpropionamidine (VII), p-chlorophenylguanidine (IX), and some unchanged (IV); 
under the optimum conditions [rapid addition of the ethylmagnesium iodide solution to a stirred 
suspension of (IV), and good agitation for a further 2 hours], the yields based on the cyano- 
guanidine were 20, 45, 21, and 10%, respectively. On the other hand, acid hydrolysis of a 
complex similarly derived led to the formation of N-propionyl-N’-p-chlorophenylguanidine 
(VIII) (60%), p-chlorophenylcyanamide (VI) (25%), p-chlorophenylguanidine (IX) (1—2%), 
and recovered (IV) (10%). 


aoe = p-C,H,Cl/NH-¢-NH-CEt p-C,H,Cl‘NH-C-NH, 
NH NH NH O H 
(VII.) (VIII.) (IX.) 


The structure of (VIII) was confirmed by alkaline hydrolysis to p-chlorophenylguanidine 
(IX) and synthesis from this compound and propionyl chloride. Similarly, acid hydrolysis to 
N-propionyl-N’-p-chlorophenylguanidine (VIII), and synthesis in small yield from p-chloro- 
phenylguanidinomagnesium iodide and propionitrile in anisole at 95—100° established the 
constitution of N-p-chlorophenylguanylpropionamidine (VII). The latter reaction is a 


3 NH-C-N .NH-C-NH: EtCN 
p-C,H,Cl/NH rf = Hes mental p-C,H,Cl’-NH NH Mgl_ Et 
p-C,H,ClNH-C-NH-CEt 


modification of the method described by Hullin, Miller, and Short (J., 1947, 394) for the 
preparation of amidines from nitriles and substituted aminomagnesium halides. 

In their easy hydrolysis to acylguanidines, the guanylamidines so far examined differ 
markedly from the related diguanides and amidines. Their monoacid salts appear to be stable, 
the acetate and picrate of N-p-chlorophenylguanylpropionamidine (VII), for example, have been 
obtained pure, and the monohydrochloride in aqueous solution is largely unchanged after 24 hours, 
although in the presence of one molecule of hydrochloric acid in excess it is quantitatively 
converted into the propionylguanidine (VIII) at room temperature within 4 hours. Treatment 
with alkali gives the corresponding guanidines, but more vigorous conditions are required. In 
common with the N1N5-disubstituted diguanides the bases form red benzene-soluble copper 
complexes when shaken in benzene solution with ammoniacal copper sulphate solution (cf. 
Gage and Rose, Ann. Trop. Med. Parasit., 1946, 40, 333). 

When the reaction between N-cyano-N’-p-chlorophenylguanidine (IV) and ethylmagnesium 
iodide was carried out at higher temperatures different products appeared. The gradual addition 
of 2—4 molecules of the Grignard reagent to a suspension of (IV) in anisole at 95—100° gave 


p-C,H,CLNH-(¥-Et 


N 


eames Pease a = 
H H NH 


(X.) (XI.) 


mainly p-chlorophenylcyanamide (VI) with minor quantities of p-chloroaniline, N-p-chloro- 
phenylpropionamidine (X), and unchanged (IV). The propionamidine (X) was the major 
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uct when the quantity of the Grignard reagent was increased to 6 moles; its constitution 
was established by synthesis from propionitrile and -chloroanilinomagnesium iodide (cf. 
Hullin, Miller, and Short, loc. cit.). 

A slight modification of the above procedure, viz., preparation of the reaction complex at 
room temperature with a slight excess of Grignard reagent, displacement of the ether by anisole, 
and heating at- 95—100° for 14 hours before decomposition with ammonium chloride solution 
gave p-chlorophenylcyanamide (VI) (60%), a trace of p-chloroaniline, and an oily mixture 
(20—30%). On suitable treatment the oil yielded N-p-chlorophenylguanylpropionamidine 
(VII) and a small amount of a less basic compound, proved to be 6-amino-2-p-chloroanilino-4- 
ethyl-1 : 3: 5-triazine (XII) by independent synthesis from -chlorophenyldiguanide and 
propionyl chloride (see Part XII, J., 1947, 154). 

A number of N-p-chlorophenylguanylamidines were prepared for examination of their 
antimalarial activity by similar (low-temperature) reactions between (IV) and various alkyl- 
magnesium iodides and bromides. In no case did the reaction proceed so readily as with ethyl- 
magnesium iodide, and a higher temperature (b. p. of ether) was required for approximate com- 
pletion in 2—4 hours. Generally, the iodides were more satisfactory than the bromides, but 
phenylmagnesium bromide was exceptional in giving the best yield of guanylamidine in this 
series of experiments even when the reaction complex was decomposed by acid. In respect of 
the yields of p-chlorophenylcyanamide (VI) the converse was true, isobutylmagnesium bromide, 
for example, giving 48% of this product in one of a series of experiments. 

The series of N-p-chlorophenylguanylamidines (XI; R = Me, Et, Pr®, Pr', or Bu‘) was kindly 
tested for antimalarial activity in the Research Laboratories of I.C.I1. (Dyestuffs Division) Ltd., 
Manchester, against P. gallinaceum in chicks. All were inactive. 

The mechanism of the formation of N-p-chlorophenylguanylpropionamidine (VII) and 
N-propionyl-N’-p-chlorophenyl guanidine (VIII) appears to be straightforward addition of the 
Grignard reagent to the C==N group, amidine or amide resulting according to the alkaline or 
acid nature of the reagent employed for the hydrolysis of the complex, analagous to the well- 
known formation of imines or ketones from certain nitriles. From Zerewitinoff determination, 
it is known that N-cyano-N’-p-chlorophenylguanidine (IV) contains two active hydrogen atoms 
(Part XLIV), and from observations of the rate of evolution of ethane on treatment with 
ethylmagnesium iodide it seems probable that the metalation reaction approaches completion 
before appreciable addition has taken place. The overall reaction, then, may be : 


NH,Cl 


. . gl -——> (VII) 
p-C,H,Cl ——— + 3EtMgl —> [readers | — 
IMg: *“MgI “=a? (VIIT) 


(The actual hydrogen atoms indicated as being replaced by MgI have been selected arbitrarily as 
unaffecting the final product, and representation of the complexes by these formulz is a matter 
of convenience since the true structure will no doubt be essentially ionic. This treatment will 
be applied to all subsequent formule for complexes, unless otherwise indicated.) 

Although it was found necessary to use more than 3 moles of Grignard reagent, the method 
of analysis (Gilman et al., J. Amer. Chem. Soc., 1923, 45, 150; 1929, 51, 1576), and losses and 
decomposition during manipulation, probably account for the excess. 

The mode of formation of p-chlorophenylcyanamide (VI) is less obvious. Besides N-cyano- 
N’-p-chlorophenylguanidine (IV), the more complex reaction products (VII), (VIII), and (IX) 
may all be regarded as p-chlorophenylcyanamide (IV) derivatives and potential sources of the 
same. For example, aryldiguanides are known to undergo thermal decomposition into their 
component guanidines and cyanamides (Kiitiro Sugino, J. Chem. Soc. Japan, 1939, 60, 411; 
Chem. Abs., 1941, 35, 5097). A similar fission of N-p-chlorophenylguanylpropionamidine (VII) 
by the Grignard reagent could be envisaged with formation of p-chlorophenylcyanamide (VI) 
and propionamidine, or, somewhat less likely, p-chlorophenylguanidine (IX) and propionitrile. 


mn "1 p-C)HCLNH-CN 4. ae 





pC mmameia poate, +. BIC 


Equally feasible decompositions can be written for (VIII) and (IX). 
Accordingly, the reactions between ethylmagnesium iodide and N-p-chlorophenylguanyl- 
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propionamidine (VII) and p-chlorophenylguanidine (IX) were separately studied at low (20~ 
35°) and high temperature (90—100°). By this procedure—which is essentially metalation—it 
may be reasonably expected that the same magnesium complexes will be obtained as by the 
combined metalation and addition reactions between Grignard reagents and the cyanoguanidine 
(IV) (and subsequent fission, if any). 

At low temperatures, p-chlorophenylcyanamide (VI) was obtained only from N-cyano-N’-p. 
chlorophenylguanidine (IV). In the main, the starting materials were recovered unchanged, 
The small amount of p-chlorophenylguanidine (X) which did accrue from N-p-chlorophenyl- 
guanylpropionamidine (VII) is considered to arise during the hydrolysis (discussed below) and 
not by the second of the postulated mechanisms given above. 

It was concluded that p-chlorophenylcyanamide (VI) arose from a metalated N-cyano-N’-p- 
chlorophenylguanidine, but it could not be accurately established whether its formation 
preceded or accompanied hydrolysis of the complex. Some information on the latter point, 
however, was gained by addition of benzoyl chloride to the reaction mixture before its digestion 
with acid. In spite of gross decomposition, evidenced by the formation of N-benzoyl- and 
NN-dibenzoyl-p-chloroaniline and a welter of secondary reaction products most of which have not 
been identified, it was possible to isolate benzoylcyanamide and a trace of N-benzoyl-p-chloro- 
phenyleyanamide. This indicates that p-chlorophenylcyanamide (VI) and cyanamide (as their 
MglI derivatives) are primary products of the reaction between (IV) and Grignard reagents, 
formed, it is suggested, by a ‘‘ depolymerisation ’’ mechanism. Since (IV) is largely recovered 
unchanged after reaction with one molecular proportion of Grignard reagent, the di- or tri- 
metalated products are probably involved, which after ionisation undergo rearrangement to 
the more stable cyanamide ions as depicted below. It is possible that the reaction is reversible. 


Mgl Cc 
+EtMgl —> ~-C,H,CEIN-CNH-CN —> 


ee ae 
- *Mgl 


«H,CI-N N-C-N {HCN 


N 
8 


| 


HCl 
p-C,H,C/NH‘CN + NHyCN <—— 9-C,H,crN-c=N Su-c=N 


This reaction is reminiscent of the depolymerisation of dicyandiamide to cyanamide under 
the influence of potassium amide in liquid ammonia, observed by Hart (Thesis, Stanford Univ., 
1926) (Franklin, ‘‘ Nitrogen System of Organic Compounds,” Reinhold Publ. Corp., p. 99). The 
previous isolation of the dipotassium salt of dicyandiamide indicates that in this case also the 
actual depolymerisation takes place by electronic rearrangement within an ion having two or 
more charges. 

At higher temperatures (95—100°) in anisole, the magnesium complex formed between 
p-chlorophenylguanidine (IX) and ethylmagnesium iodide was practically unaffected, only a 
trace of p-chlorophenylcyanamide was formed, and >80% of the guanidine was recovered on 
subsequent hydrolysis. On the other hand, the tri(iodomagnesium) derivative of -chloro- 
phenylguanylpropionamidine (VII) under similar conditions gave >60% of p-chlorophenyl- 
cyanamide (VI)—almost the same yield as was obtained by similar treatment of (IV). It is 
evident, therefore, that at high temperatures a large proportion of the p-chlorophenylcyanamide 
(VI) is formed from (IV) by the following route : 


IMg Mel 95—100° 
(IV) + EtMgl ——> p-C oH,CIN-CN-CEt —— > -C,H,Cl ne + IMg-NH-CEt 
N N: 
HN N-Mgl Mg } “MglI 


[hydrolysis 
r NH,°CEt 
p-C,H,Cl-NH-CN + ot 
The isolation of the second product of fission, propionamidine, has not been attempted, but 
evidence strongly supporting this mechanism was obtained by the isolation of small amounts of 
benzamidine (as the picrate) from low-temperature experiments (35°) involving phenyl- 
magnesium bromide and either (IV) or its isopropylanalogue. By application of the benzoylation 
technique described above, it was shown that no cyanamide was produced by the thermal 
decomposition of the tri(iodomagnesium) derivative of N-p-chlorophenylguanylpropionamidine 
(VII), and more involved modes of decomposition thus appear to be ruled out. 
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The presence of p-chlorophenylcyanamide (VI) [as the tri(iodomagnesium) derivative] in the 
actual reaction mixture at high temperatures is proved by the formation of N-p-chloropheny]l- 
propionamidine (X) in the presence of an excess of Grignard reagent : 


p-C,H,CLN-C=N 100° p-C,H,Cl‘N—CEt PCH CNH EEE 
oe ee IMg N-Mgl ~” NH 


This reaction, which does not proceed at all at temperatures up to 35°, gives >70% yields at 
95—100°. 

p-Chlorophenylpropionamidine (X) appears to be the end-product of the series of reactions 
outlined above. It is relatively stable to excess of Grignard reagent under the experimental 
conditions used, although on recovery it is usually accompanied by small amounts of 
p-chloroaniline which evidently arise by hydrolysis. 

In considering the mechanism of the formation of p-chlorophenylguanidine, fission of 
N-p-chlorophenylguanylpropionamidine (VII) (see above) was ruled out by failure to obtain 
any positive test for propionitrile (in the absence of excess of Grignard reagent). A further possi- 
bility, loss of the C=N group of the cyanoguanidine (IV) to the magnesium of the Grignard 
reagent with simultaneous liberation of olefin was also rejected because the aqueous liquors after 
hydrolysis gave a negative test for cyanide. 

A comparison of the yield of p-chlorophenylguanidine (IX) obtained by decomposition of the 
reaction complex from N-cyano-N’-p-chlorophenylguanidine (IV) and ethylmagnesium iodide 
with ammonium chloride (ca. 20%) and with hydrochloric acid (ca. 2%) supports these conclusions 
and suggests a differential hydrolytic attack of alkali and acid on the N-p-chlorophenylguanyl- 
propionamidine—magnesium iodide complex. The former leads simultaneously to the guanidine 
(X) and to the parent guanylamidine (VII), and the latter to the propionylguanidine (VIII). 

The formation of 6-amino-2-p-chloroanilino-4-ethyl-1 : 3 : 5-triazine (XII) during the reaction 
between N-cyano-N’-p-chlorophenylguanidine (IV) and ethylmagnesium iodide (ca. 3 mols.) is 
explicable by the following reaction : 


Mel 
Mgl $-C.HCIN-(S)-Et 
IMg-N\ N+ NH,Mgl 
N-MglI 
[prarotyais 


armen @ 
+ NH, 


7 


NH, 


PCH CN-ENH: Et +IMg-NH-CN —> 


IMg *Mgli 


It has been demonstrated above that the necessary intermediates are present in the reaction 
mixture, and, significantly, triazine formation does not occur in the reaction between N-p-chloro- 
phenylguanylpropionamidine (VII) itself and ethylmagnesium iodide when cyanamidomagnesium 
iodide is demonstrably absent. 

The reaction of other cyanoguanidines with Grignard reagents has also been examined. 
N-Cyano-N’-phenylguanidine, treated with an excess of methylmagnesium iodide in boiling 
ether in the usual way, gave phenylcyanamide (37% as its polymer) and phenylguanidine (52% 
as the picrate) on decomposition with ammonium chloride. Only a trace of material giving the 
requisite colour reaction for a guanylamidine was isolated. A similar result was obtained with 
ethylmagnesium iodide at room temperature but, when hydrolysis of the complex was carried 
out with hydrochloric acid, N-propionyl-N’-phenylguanidine resulted in 59% yield. Similarly 
N-cyano-N’-p-methoxyphenylguanidine and ethylmagnesium iodide gave, after decomposition 
with ammonium chloride, p-methoxyphenylcyanamide (18%), N-propionyl-N’-p-methoxy- 
phenylguanidine (14%), and very crude p-methoxyphenylguanidine picrate (68%), whilst 
decomposition with acid resulted in the cyanamide and propionylguanidine in 22 and 70% 
yield, respectively. 

The mechanism of the formation of these compounds is believed to be the same as deduced 
above for the p-chlorophenyl analogues. It appears that in these cases addition of the Grignard 
Teagent takes place normally—evidenced by the good yield of N-propionyl-N’-phenyl- and 
-N’-p-methoxyphenyl-guanidine obtained by decomposition with acid—but the complexes are 
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much more sensitive than in the p-chlorophenyl series to the type of hydrolysis by alkali which 
results in the guanidine. Any guanylamidine which is formed by ammonium chloride decom. 
position may well remain in solution as its monoacid salt since it is to be expected that these 
compounds will be stronger bases than the p-chlorophenyl analogue and probably stronger 
than ammonia. The extent to which the guanylamidine is formed in (ammoniacal) solution 
may be surmised by subsequent acidification to give the alternative hydrolysis product— 
the propionylguanidine—which for the p-methoxyphenyl compound was 14%. 

The reaction of dicyandiamide itself with Grignard reagents was found to be unaccountably 
slow. With 3°5 mols. of phenylmagnesium bromide or ethylmagnesium iodide in boiling ether, 
a large quantity of both reactants was unchanged after 24 hours. Evidence that some reaction 
had taken place was, however, obtained by benzoylation, benzoylcyanamide being isolated, 

Reaction between N-cyano-N’-isopropylguanidine and phenylmagnesium bromide (3-5 mols,) 
was also sluggish, but was almost complete after 5—6 hours in boiling ether. The products of 
the reaction (after hydrolysis with acid) were N-isopropylguanylbenzamidine (as the picrate), 
benzamidine (as the picrate), a considerable quantity of unidentified infusible material (also 
obtained from experiment with dicyandiamide itself), phenol and diphenyl (always obtained 
from experiments utilising phenylmagnesium bromide), and an unidentified nitrogenous oil in 
the phenol and dipheny] fractions. 

From this and the other example recorded previously it would appear that the guanylbenz- 
amidines are much less sensitive to acid hydrolysis than are their alkyl analogues. 

In conclusion, it is apparent that the fundamental reactions of the monosubstituted cyano- 
guanidines with Grignard reagents are the same, but different products may be isolated owing 
to the different degrees of sensitivity of the guanylamidine-magnesium iodide complexes to 
hydrolysis. 


EXPERIMENTAL. 
M.p.s are uncorrected. Analyses are by Drs. Weiler and Strauss of Oxford. 


The Grignard reagents used in this work were prepared and standardised as previously indicated 
(preceding paper). 

Beyond the use of carefully dried apparatus, no special precautions were taken during the measure- 
ment of the quantities of these reagents required in the various experiments, and a slight loss occurred 
by decomposition with atmospheric water vapour. The actual reactions were carried out with the usual 
precautions for the exclusion of moisture. 

For the detection of excess of Grignard reagent or to follow the course of a reaction, the colour test 
with Michler’s ketone (Gilman and Schulze, J. Amer. Chem. Soc., 1925, 47, 2002) was applied. Owing 
to the basic character of many of the reaction products it was necessary to modify the test slightly: 
after treatment with iodine solution, glacial acetic acid was added until all turbidity was removed. 

Reaction of N-Cyano-N’-p-chlorophenylguanidine (IV) with Ethylmagnesium Halides.—(a) Decomposition 
of reaction complex with ammonium chloride. (i) To a well-stirred suspension of N-cyano-N’-p-chloro- 
phenylguanidine (9-7 g.) (Part XXVIII, J., 1948, 1634) in ether (50 c.c.) an ethereal solution of ethyl- 
magnesium iodide (88 c.c.; 0-168 g.-mol.) was added as rapidly as the ensuing vigorous reaction would 
allow (2—3 minutes). After 15—20 minutes’ stirring, the gas evolution was much reduced and the 
mixture was heated under reflux for approx. 1 hour. At this stage a slight positive colour test for excess 
of Grignard reagent was obtained with Michler’s ketone (see above). The product, a heterogeneous 
mixture which separated into two liquid layers, was cooled and the magnesium complex hydrolysed by 
_— the mixture into ammonium chloride solution (ammonium chloride, 20 g.; water, 50 c.c.; ice 

00 g.). The ethereal layer was separated and the aqueous solution extracted with a further quantity 
of ether (ca. 100 c.c.). The combined ethereal extracts were then washed twice with water (50 c.c. 
portions), adding the first 50 c.c. to the aqueous mother-liquors. Acidic materials were extracted by 

ing with 2n-sodium hydroxide (2 x 50 c.c.), and after further washing with water (total 100 c.c.) the 
ether was dried (Na,SO,) and evaporated to dryness, whereupon crude N-p-chlorophenylguanylpropion- 
amidine (VII) (5-0 g.) remained. It was dissolved in 95% alcohol (20 c.c.) at 30—40°, decolorised with 
carbon, filtered, washed with alcohol (5 c.c.), and crystallised by the gradual addition of water (50 c.c.), 
giving the pure base as colourless prisms m. p. 134—135° (3-8 g.). A further crystallisation from 
benzene-—cyclohexane gave the base as colourless prisms, m. p. unchanged and not depressed on admixture 
with authentic material prepared as below (Found: C, 53-7; H, 6-0; N, 25-0. C,9H,3N,Cl requires C, 
53-5; H, 5-8; N, 250%). The acetate crystallised as colourless aggregates of prisms, m. p. 141—142°, on 
gradual addition of an ethereal solution of glacial acetic acid to the pure base dissolved in ether, until 
neutral to litmus (Found: C, 50-4; H, 61. C,H ,,;N,Cl,C,H,O, requires C, 50-6; H, 6-0%). 
The picrate crystallised from alcohol in yellow needles, m. p. 164—165° (Found: N, 2l- 
CygH,3N,Cl,C,H,O,N, requires N, 21-6%). 

The sodium hydroxide extract was then acidified with hydrochloric acid, with ice-cooling. The 
resulting suspension was extracted with ether, dried (Na,SO,), and evaporated to dryness under reduced 
pressure. The residue (2-6 g.) was triturated with warm dilute aqueous ammonia, and insoluble 
unchanged N-cyano-N’-p-chlorophenylguanidine (IV) filtered off, washed well with water, and dried 
(1-0 g.). After crystallisation from 50% ethanol it was obtained as glistening plates, m. p. and mixed 
m. p. 210—211° (Found: C, 49-4; H, 3-7; N, 29-0. Calc. forC,H,N,Cl: C, 49-4; H, 3-6; N, 28-8%). 
The ammoniacal filtrates, acidified with hydrochloric acid with internal ice-cooling, deposited p-chloro- 
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phenylcyanamide (VI) which collected, well washed with water, and dried in vacuo over calcium 
chloride. Yield, 1-3 g.; m. p. and mixed m. p. 105—106°. 

The ammonia—ammonium chloride liquors from the initial decomposition of the esium complex 
gave, on acidification (ice-cooling) and extraction with ether, a further small quantity of p-chlorophenyl- 

mide (0-2 g.).* Subsequent basification with concentrated sodium hydroxide solution until 
alkaline to Titan-yellow, and extraction of the resultant sludge with ether in a continuous extractor for 
three days, yielded on evaporation of the dried ethereal extract a tarry solid (1-85 g.) identified as 
p-chlorophen lguanidine (IX) by conversion into the picrate, yellow needles, m. p. 235°, identical with 
that obtained from an authentic specimen of (IX) (Part XXV, {5 1948, 59) (Found: C, 39-8; H, 3-0; 
N, 21-0. C;H,N,Cl,C,H,O,N, requires C, 39-2; H, 2-8; N, 21-1%). 

(ii) Similarly treated, N-cyano-N’-p-chlorophenylguanidine (IV) (9-7 g.) and ethylmagnesium 
bromide in ether (104 c.c.; 0-168 g.-mol.) required to be heated under reflux for 4 hours before the reaction 
was complete. The yield of See te oss yp (VII), m. p. 132—134°, was 2-6 g. 
(4-25 g., crude), and that of p-chlorophenylcyanamide (VI), m. p. 102—104°, was 3-1 g. 

(iii) In the same manner, ES fee (IV) (9-7 g.) and ethylmagnesium 
bromide (93 c.c.; 0-15 g.-mol.) were allowed to react together at room temperature. Excess of Grignard 
reagent was present after 19 hours, and the reaction mixture then gave (IV) 2-0 g., p-chlorophenyl- 
cyanamide wD) Sate g _ p. 105—107°), and p-chlorophenylguanylpropionamidine (VII) 2-1 g. (3-4 g. 
crude) (m. p. 1 °). 

o (Tiprolysis of the veaction complex with acid. N-Cyano-N’-p-chlorophenylguanidine (IV) 
(9-7 g.) and ethylmagnesium iodide (84 c.c.; 0-158 g.-mol.) were allowed to react as in (a, i), but the 
reaction was completed by stirring at room temperature for 2—3 hours, whereafter only a slight excess of 
Grignard compound remained. The magnesium complex was hydrolysed by pouring the mixture into 
hydrochloric acid solution (1LON-HCI, 25 c.c.; water, 50 c.c., ice, 100 g.), and the ethereal and aqueous 
layers were separated. The aqueous solution was extracted with a further quantity of ether, the 
combined extracts were washed with water (50 c.c.), and very dilute sodium thiosulphate or hydrogen 
sulphite solution, dried (Na,SO,), and evaporated to dryness at +35°. The residue consisted of N-cyano- 
N’-p-chlorophenylguanidine (IV) (0-95 g.; m. p. 202—203°), and p-chlorophenylcyanamide (VI) (1-9 g.; 
m. p. 105—106°) which were separated as described above (a, i). 

he aqueous acid extract was set aside for 4 hours (to ensure complete hydrolysis), during which a 
considerable quantity of crystals was deposited. However, concentrated ammonia solution was added 
until the solution was strongly alkaline to brilliant-yellow, and the suspension stirred well for a few 
minutes to complete the neutralisation. The precipitate was collected, washed with water, and dried. 
Yield, 7-0 g.; m. p. 128—129°. On recrystallisation from 50% ethanol it was obtained as colourless 
needles, m. p. and mixed m. p. with N-propionyl-N’-p-chlorophenylguanidine (VIII) (see below) 134—135° 
(Found: C, 53-1; H, 5-3; N, 18-5. CyH,,ON,Cl requires C, 53-2; H, 5-3; N, 186%). The picrate 
crystallised in yellow aggvegates of prisms, m. p. 183—184°, from aqueous acetone (Found: N, 17-9. 
CH ,.ON,C1,C,H,N,O, requires N, 18-5%). 

The filtrates were washed with ether, basified with concentrated sodium hydroxide solution, and 
extracted with ether in a continuous extractor for 48 hours, giving 0-1 g. of »-chlorophenylguanidine 
(IX) (identified as the picrate). 

Hydrolysis of N-p-Chlorophenylguanylpropionamidine (VII).—(a) The base (VII) (1 g.) was suspended 
in water (15 c.c.) and 2N-hydrochloric acid (2—2-5 c.c.) added until a slightly acid reaction was obtained 
(litmus). The hydrochloride separated, but slowly redissolved on further addition of hydrochloric acid 
(2—2-5 c.c.), and after 2—3 hours at room temperature a clear solution was obtained. After 4 hours the 
solution gave no colour with ammoniacal copper sulphate solution and benzene (Gage and Rose, loc. cit.). 
Dilute aqueous ammonia was added gradually and the precipitate of N-propionyl-N’-p-chlorophenyl- 
—-—- collected, washed, and crystallised from 50% alcohol, whereafter it had m. p. and mixed m. p. 

5—136°. 

(b) The base (VII) (0-5 g.) was heated at 95—100° for 1-5 hours with 2n-sodium hydroxide (10 c.c.). 
After cooling, the product was extracted with ether, dried (Na,SO,), and — oe to dryness. A test 
(Gage and Rose, Joc. cit.) showed that unchanged (VII) was still present. However, by treatment with 
alcoholic picric acid solution, p-chlorophenylguanidine picrate was obtained, having m. p. and mixed 
m. p. 234°. 

Hydrolysis of N-Propionyl-N’-p-chlorophenylguanidine (VIII).—The compound (VIII) (1-1 g.) was 
heated under reflux with 2N-sodium hydroxide for 15 minutes. An oil was obtained which solidified 
when cooled and scratched. Collected, well washed, and dried, it had m. p. 122—124° (0-5 g.). It 
crystallised from benzene in an cream-coloured prisms (Found : C, 50-0; H, 4-7; N, 25-4. Calc. for 
C,H,N,Cl: C, 49-6; H, 4-7; N, 24-8%), m. p. as before and not depressed on admixture with an authentic 
specimen of p-chlorophenylguanidine (IX). 

Syntheses from p-Chlorophenylguanidine (IX).—(a) N-p-Chlorophenylguanylpropionamidine (VII). 
p-Chlorophenylguanidine (Part XXYV, Joc. cit.) (4-25 g.), freshly crystallised from benzene, was stirred 
in dry anisole while an ethereal solution of ethylmagnesium iodide (14 ¢.c.; 1-1 mols.) was added gradually. 
Ether was then distilled off until a liquid temperature of 95—100° was reached, and a solution 
of propionitrile (1-5 g.) in anisole (15 c.c.) was then introduced. The mixture was heated under reflux 
for 2} hours, cooled, and hydrolysed by the addition of ammonium chloride solution (ammonium chloride, 
10 g.; water, 25 c.c.; ice, 50 g.). It was necessary to stir for 1 hour at 25—30° before reaction was 
complete. Ether was then added to facilitate the separation of the two layers. The ether—anisole extract 
was washed with water, stirred, and neutralised with dilute aqueous hydrochloric acid until faintly acid 
to Congo-red. The acid extract was separated, immediately basified with ammonia (ice), and the oil 
which was deposited extracted into ether. After drying and evaporation, 0-75 g. of a basic oil was 
obtained. The initial aqueous (ammonium chloride) solution, when strongly basified with aqueous 


be ee peetenetion was usually omitted in subsequent experiments. Cases in which it was used will 
cated. 
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ammonia and extracted with ether, gave a further 0-3 g. of the same oil. , The oils were combined, dissolved 
in alcohol (7 c.c.), and treated with decolorising carbon and the solution was diluted with water, where. 
After 2 crystallisations from 


ess prisms, m. p. and mixed m,. P. 


upon crude N-p-chlorophenylguanylpropionamidine crystallised (0-5 g- 
cyclohexane and 2 from cyclohexane—benzene it was obtained as colour! 
with a sample obtained above, 134—135°. 

(b) N-Propionyl-N’-p-chlorophenylguanidine (VIII). Propionyl chloride (1-1 c.c.) in acetone (10 c.c,) 
was added dropwise to p-chlorophenylguanidine (IX) (4-25 g.) in acetone (25 c.c.), the temperature 
being kept at about 20° by external cooling. The reaction was completed by heating under reflux for 
4 hour, and the bulk of the acetone then removed on the steam-bath. The residue was dissolved in 
2n-hydrochloric acid (25 c.c.) and filtered from a trace of crystalline insoluble matter. After dilution of 
the mixture with much water, the product was reprecipitated by gradual addition of ice and aqueous 
ammonia until alkaline to brilliant-yellow. The precipitate was collected, dried, and dissolved in cold 
benzene (20 c.c.). Some insoluble matter was removed, and the filtrate evaporated to dryness to give the 
crude product which after successive crystallisations from cyclohexane and 50% ethanol was obtained as 
colourless needles (0-7 g.), m. p. and mixed m. p. with material prepared above 134—135°. 

Reaction between N-Cyano-N’-p-chlorophenylguanidine (IV) and Ethylmagnesium Iodide at High 
Temperature.—(a) Gradual addition of 4 mols. of Grignard reagent. Ethylmagnesium iodide in ether 
(112 c.c.; 0-2 g.-mol.) was added gradually during 65 minutes to a suspension of (IV) (9-7 g.) in anisole 
(100 c.c.) at 95—100°, the ether being simultaneously distilled off. After a further 30 minutes at this 
temperature, the solution was cooled and poured into dilute hydrochloric acid (10N-acid, 35 c.c.; ice, 
150 g.). The two layers were separated and the anisole washed with water and extracted with dilute 
aqueous ammonia (2 x 50c.c.). After clarification by shaking with benzene, the extract was acidified 
with hydrochloric acid and ice. The bulky precipitate was dissolved in ether, separated from water, and 
dried (Na,SO,). Crystalline p-chlorophenylcyanamide (VI) (3-1 g.), m. p. 106—107°, remained after 
removal of the solvent at low temperature. The initial acid layer was extracted further with benzene to 
remove traces of anisole, neutralised with aqueous ammonia, and extracted with chloroform. After 
drying and evaporation of the solvent, a basic oil remained (0-6 g.) which on acetylation with acetic 
anhydride and recrystallisation of the product from 50% ethanol gave p-chloroacetanilide (0-2 g,), 
needles, m. p. and mixed m. p. 179—180°. The aqueous mother-liquors were strongly basified with 
concentrated sodium hydroxide solution, and the precipitated magnesium hydroxide was filtered off. 
Both precipitate and filtrate were extracted with chloroform and, after drying, the solvent was distilled 
off leaving an oily residue which crystallised on cooling (2-0 g.). After two crystallisations from carbon 
tetrachloride this was obtained as almost colourless prisms, m. p. 79—81°, identified as N-p-chloro- 
phenylpropionamidine (VII) by mixed m. p. with authentic material prepared as below. 

(b) Gradual addition of 6 mols. of Grignard reagent. The reaction was carried out as in (a) above. The 
ethylmagnesium iodide solution (166 c.c.; 0-3 g.-mol.) was added during 80 minutes, and a considerable 
amount remained unaffected after a further $ hour at 90—100°. After cooling, the reaction product was 
poured into dilute hydrochloric acid (10N-acid, 50 c.c.; ice, 200 g.). A solid which separated in the 
aqueous layer was filtered off, well washed with water, and dried (2-8 g.; m. p. 198—201°) (it was later 
found that this substance was appreciably soluble in water and that considerable amounts were lost). 
The product was dissolved in warm water and salted out by addition of potassium iodide. The 
precipitate was collected, dried, and dissolved in acetone. After decolorising with carbon, gradual 
addition of ether caused p-chlorophenylpropionamidine hydriodide to crystallise in very small prisms 
(1-5 g.), m. p. 203—204° (Found: C, 35-4; H, 3-8. C,H,,N,Cl,HI requires C, 34-8; H, 3-9%), identified 
by dissolution in water and basification with sodium hydroxide solution to give the free base m. p. 80—81°, 
identical with an authentic specimen. The anisole extract, treated as described in (a), yielded p-chloro- 
phenylcyanamide (V1) (1-2 g.), m. p. 103—106°, and the aqueous solution worked up in a similar manner 
gave p-chloroaniline (0-7 g.), crystallising from ligroin (b. p. 40—60°) in colourless prisms, m. p. 66—68°, 
and crude N-p-chlorophenylpropionamidine (VII) (2-7 g.). 

(c) Rapid addition of Grignard reagent (3-35 mols.) at low temperature with subsequent heating to 95—100°. 
N-Cyano-N’-p-chlorophenylguanidine (IV) (9-7 g.) and ethylmagnesium iodide solution (88 c.c.; 0-168 
g.-mol.) were pre | to react as previously described. After the mixture had been stirred at room 
temperature for 14 hours, anisole (50 c.c.) was added and ether distilled off until the temperature reached 
95°. The mixture was maintained at this temperature for 1 hour and then poured into dilute ammonium 
chloride solution (ammonium chloride, 25 g.; ice, 150 g.). Ether was added and the layers separated. 
The anisole—ether extract, after the usual treatment to give p-chlorophenylcyanamide (IV) (3-85 g.), m. p. 
103—107°, was washed, dried, and evaporated to dryness in vacuo, leaving an oil (2°75 g.). N-p-Chloro- 
phenylguanylpropionamidine (VII) was extracted by boiling this oil with cyclohexane, and the residue 
was triturated with dilute hydrochloric acid. A slightly soluble hydrochloride (m. p. 214—216°) 
remained, which was dissolved in hot water, decolorised with carbon, and filtered. The filtrate, 
basified with ammonia, gave the base. A further quantity of base identical with this material crystallised 
from the aqueous ammoniacal layer (0-5 g.; m. p. 170—171°). After crystallisation successively from 
benzene and toluene it was obtained as colourless small prisms, m. p. 175—176°, and identified as 
ee eee aes : 3: 5-triazine (XII) by mixed m. p. with material independently 
synthesi (see below) (Found: C, 52-9; H, 4-7. C, H,,N,Cl requires C, 52-8; H, 48%). The 
aqueous ammoniacal filtrate from this substance was acidified with hydrochloric acid and extracted with 
ether, giving a further 0-7 g. of p-chlorophenylcyanamide (VI), m. p. 104—106°. The residual aqueous 
solution, again basified with ammonia, was treated with a boiling solution of picric acid (2 g.) in water 
(40 c.c.), whereupon ~-chlorophenylguanidine picrate (0-2 g.) crystallised. 

Preparation of N-p-Chlorophenylpropionamidine (X) from p-Chloroaniline and Propionitrile (ct. 
Hullin, Miller, and Short, Joc. cit.).—p-Chloroaniline (12-7 g.) in ether (50 c.c.) was stirred rapidly while 
ethylmagnesium iodide (53 c.c.; 0-1 g.-mol.) was added dropwise. A white precipitate was formed, 
gradually dissolving with the addition of more Grignard reagent. The reaction was complete after 
stirring for } hour. Propionitrile (5-5 g.) in ether (20 c.c.) was introduced gradually and the mixture 
heated under reflux for 1} hours and then set aside overnight before decomposition by dilute hydrochloric 
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acid (10N-acid, 25 c.c.; ice, 100 g.) with cooling in an ice-bath. A precipitate which formed was filtered 
off, well washed with ether, and dried (9-8 g.; m. p. 189-192"). he heterogeneous filtrates were 

yarated, and the ethereal layer was discarded. The aqueous solution was salted with sodium 
jodide (100 g.), and the precipitate filtered off and washed with sodium iodide solution. The two solids 
were combined and dissolved in warm water (250 c.c.), and the solution was clarified. The base was 
preci itated as an oil by addition of strong sodium hydroxide solution (external ice-cooling) and dissolved 
in aicstorsn. After drying, the solvent was evaporated leaving crude N-p-chlorophenylpropionamidine 
(VII) (12-5 g.) which, after crystallisation from cyclohexane, was obtained as colourless prisms, m. p. and 
mixed m. p. 81—82° (Found: C, 59-2; H, 6-1; N, 15-2. C,H,,N,Cl requires C, 59-2; H, 6-0; N, 15-3%). 
The hydrochloride, prepared by addition of an acetone solution of the base to anhydrous hydrogen chloride 
in benzene, crystallised in colourless prisms, m. p. 171—172° (Found: C, 49-5; H, 5-4; N, 12-4. 
C,H,,N,Cl,HCI requires C, 49-3; H, 5:5; N, 12-8%). 

6-A mino-2-p-chloroanilino-1 : 3 : 5-triazine (XI (cf. Curd, Landquist, and Rose, loc. cit.).—To a 
mixture of p-chlorophenyldiguanide hydrochloride (2-5 g.) and sodium hydroxide (1-2 g.) in went gene 
dioxan (10 c.c.), propionylchloride (2-2 c.c.) was added dropwise with good agitation. After being kept 
overnight, the mixture was warmed on the steam-bath, made alkaline to Titan-yellow by addition of more 
sodium hydroxide solution, and heated to 90—100° for a further 10—15 minutes. It was then diluted 
with water (25 c.c.), and the precipitate filtered off, washed, and dried (1-6 g.; m. p. 158—168°). After 
successive crystallisations from toluene, chlorobenzene, and butanol, the triazine was obtained as 
colourless prisms (0-2 g.), m. p. and mixed m. p. 174—175°. 

Reaction of (IV) with Various Grignard Reagents.—The technique employed was similar to that used in 
reactions involving ethylmagnesium iodide. Except where indicated, the amount of (IV) used was 
9-7 g. (0-05 g.-mol.). In those experiments where reaction was largely incomplete, unchanged (IV) 
separated on hydrolysis of the magnesium complex and was filtered off. The filtrates were worked up as 
described previously. 

N-p-Chlorophenylguanylacetamidine (XI; R= Me). Methylmagnesium iodide (82 c.c.; 0-153 
g.-mol.) was treated with (IV) in the usual way, stirred for 4 hour, and heated under reflux for 1 hour, 
whereafter all the Grignard reagent had disappeared. By proceeding in the usual manner, (IV) (1-6 g.; 
m. p. 208—209°), p-chlorophenylcyanamide (VI) (2-5 g.; ol @ 103—105°), and N-p-chlorophenylguanyl- 
acetamidine (XI) (2-7 g.; m. p. 127—130°) were obtained. After 3 crystallisations from benzene 
(charcoal), (XI) was obtained as colourless prisms, m. p. 143—144° (Found: C, 51-2; H, 5-3; N, 26-1. 
C,H,,N,Cl requires C, 51-3; H, 5-2; N, 26-6%). 

N-p-Chiorophenylguanyi-n-butyramidine (XI; R= Pr). By a similar reaction with n-propyl- 
magnesium iodide (120 c.c.; 0-168 g.-mol.), (IV) (1-1 g.) and p-chlorophenylcyanamide (VI) (2-4 g.) were 
obtained, with the crude amidine (4-5 g.), m. 2: 113—116°. It was necessary to heat under reflux for 
1} hours before the reaction was complete. For purification, the crude material was crystallised twice 
from cyclohexane, dissolved in ethanol (total, 15 c.c.), decolorised (carbon), and caused to crystallise by 
the gradual addition of water (30 c.c.). It was obtained as colourless prisms (2-1 g.), m. p. 121—122° 
(Found : C, 55-4; H, 6-6; N, 23-8. C,,H,,N,Cl requires C, 55-4; H, 6-3; N, 23-5%). 

N-p-Chlorophenylguanylisobutyramidine txt; R = Pr’). (IV) and isopropylmagnesium bromide 
(100 c.c.; 0-168 g.-mol.), stirred for } hour and then heated under reflux for 24 hours before hydrolysis, 
gave p-chlorophenylcyanamide (VI) (2-7 g.), m. p. 103—105°, and a trace of unchanged (IV). The 
amidine was purified by two crystallisations from benzene-cyclohexane (1:1), dissolved in ethanol 
(10 c.c.), filtered, and caused to crystallise by the gradual addition of water (10 c.c.), which gave 
colourless prisms, m. p. 127—128° (1-65 g.) (Found: C, 55-5; H, 63; N, 22-9. C,,H,,N,Cl requires 
C, 55-4; H, 6-3; N, 23-5%). 

N-p-Chlorophenylguanylisovaleramidine (XI; R = Bu'). isoButylmagnesium bromide (113 c.c.; 
0-168 g.-mol.) and (IV), treated as usual, were heated under reflux for 3} hours. Although an appreciable 
amount of unchanged Grignard reagent was still present, the mixture was hydrolysed. nchanged 
(IV) (1-3 g.) was recovered, together with ees pia i sang (VI) (2-7 g.), m. p. 1083—105°, anda 
basic oil from which the crude base was deposited on dilution with ligroin (b. p. 60—80°). After two 
crystallisations from cyclohexane it was obtained as small, colourless needles (0-3 g.), m. p. 118° (after 
shrinking) (Found: C, 57-1; H, 6-8; N, 22-4. C,,H,,N,Cl requires C, 57-0; H, 6-7; N, 22-2%). 

N-p-Chlorophenylguanylbenzamidine (XI; = Ph). Phenylmagnesium bromide (52 c.c.; 0-110 
g.-mol.) was added in the usual manner to (1¥) (6-5 ¢-) and after being stirred for 15 minutes was heated 
under reflux for 2 hours. A slight excess of Grignard reagent then remained. The reaction mixture was 
cooled and poured into dilute hydrochloric acid (10N-acid, 16-5 c.c.; ice, 100 g.), and the hydrolysis 
completed by stirring for 1 hour. A bulky precipitate formed and was filtered off, washed with water 
and then with ether, and dried (7-2 g.; m. P- 198—199°). It was dissolved in hot water (200 c.c.) and 
poured into dilute sodium hydroxide solution and crushed ice. The precipitate of N-p-chlorophenyl- 
ope a mg was collected, well washed, and dried (5-8 g.; m. p. 170—171°). On crystallisation 

m absolute alcohol it was obtained as pale cream-coloured plates, m. p. 171—172° (Found: C, 62-0; 
H, 4-7; N, 20-1. C,,H,,N,Cl requires C, 61-7; H, 4-8; N, 206%). The main filtrate of both ethereal 
and aqueous layers was separated. The aqueous solution gave no precipitate on being made alkaline 
with aqueous ammonia, but addition of picric acid (3 g.) in boiling water (100 c.c.) to the alkaline solution 
Save a precipitate (0-8 g.) which crystalli from ethanol in long yellow needles, m. p. 239—240°, and 
was identified as benzamidine picrate by m. p. and mixed m. p. with an authentic specimen (Oxley and 
Short, J., 1946, 149, give m. p. 238—239°; Dieckmann, Ber., 1892, 25, 547, gives m. p. 228°). The 
ethereal layer was washed with water, extracted with dilute sodium hydroxide solution, washed again 
with water, dried, and evaporated. An oil (0-8 g.) remained which, when kept, deposited crystals of 

henyl, m. p. and mixed m. p. 68—70°. The sodium hydroxide extract gave p-chlorophenylcyanamide 

) (1-4 g.), m. p. 104—105°, on acidification. This material had a pronounced odour, pecbably owing 
to contamination with a trace of phenol. 

Reaction between — Chloride and the Magnesium Complex derived sm N-Cyano-N’-p-chloro- 
—— (IV) and Ethylmagnesium Iodide.—The complex was formed in the manner previously 

D 
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described. After completion of the reaction, the flask was immersed in an ice-bath, and a solution of 
benzoyl chloride (21 c.c.) in ether (100 c.c.) added during 1 hour with good stirring. The mixture was 
stirred at room temperature overnight and subsequently for 4 hours under reflux. After cooling it was 
poured into 2n-hydrochloric acid (200 c.c.) (maintained at 20—25°) and agitated for 2 hours to complete 
the hydrolysis. A small amount of insoluble solid was filtered off, the ethereal layer separated, an 
aqueous layer discarded. After being washed with water (100 c.c.) and very dilute sodium sulphite solution 
(100 c.c.) the ethereal layer was extracted with dilute aqueous ammonia (2 x 25 c.c.) and then shaken 
with 2n-sodium hydroxide, whereupon crystals separated. These were collected, well washed, dried 
and crystallised from benzene to constant m. p., the product being obtained as colourless needles, m, p. 
216—217°. It has not been identified, but may be a dibenzoyl-p-chlorophenylguanidine (Found : p 
66-8; H, 4-2; N, 10-4; Cl, 9-9. Calc. for C,,H,,0,N,Cl: C, 66-8; H, 4-2; N, 11-1; Cl, 94%). The 
ammoniacal extract, cooled by addition of ice, was acidified with hydrochloric acid, and the precipitate 
filtered off, dried, and repeatedly extracted with boiling cyclohexane (total, 100 c.c.). The residual 
benzoylcyanamide, after crystallisation from water, was obtained as colourless needles, m. p. and mixed 
m. p. 141—142° (Found: C, 65-6; H, 4-2; N, 18-7. Calc. for C,H,ON,: C, 65-7; H, 4-1; N, 19-29%), 
The ethereal solution, when dried (Na,SO,), deposited a further quantity of crystals on the drying agent 
The sodium sulphate was dissolved in hot water, and the insoluble material, after drying, crystallised 
from benzene. Crude benzo-p-chloroanilide was obtained, which, after being washed with chloroform 
and recrystallised from benzene, had m. p. and mixed m. p. with an authentic specimen 193—194°. The 
benzene filtrates from the initial crystallisation were evaporated to dryness, and the residue crystallised 
repeatedly from absolute alcohol, to give NN-dibenzoyl-p-chloroaniline as colourless needles, m. p. 159— 
160° undepressed on admixture with an authentic specimen prepared as directed below (Found: C, 71-6: 
H, 4:4; N, 4-05; Cl, 10-5. CygH,,O,NCl requires C, 71-5; H, 4-2; N, 4-2; Cl, 106%). The dried 
ethereal solution was evaporated to dryness, giving a residue of tar and solid. This was stirred with a 
little ether and filtered from undissolved material (further amounts of benzoyl-p-chloroaniline, etc.) and 
allowed to crystallise. After successive crystallisations from methanol, ethanol, benzene—cyclohexane, 
and carbon tetrachloride a small quantity of N-benzoyl-p-chlorophenylcyanamide (cyanobenzo-p-chloro- 
anilide) was obtained as colourless prisms, m. p. 129—131°, giving a mixed m. p. 130—133° with an 
authentic sample prepared as below (Found: N, 10-4. C,,H,ON,Cl requires N, 10-9%). 

For comparison NN-dibenzoyl-p-chloroaniline was prepared by heating benzo-p-chloroanilide 
(21-7 g.) and benzoyl chloride (11 c.c.) at 220° for 4—5 hours. After slight cooling, benzene was added 
and the slightly soluble unchanged benzo-p-chloroanilide recovered (18-4 g.). The benzene solution was 
evaporated to dryness, and the excess of benzoyl chloride removed by heating to 200° in vacuo. The 
residue, after two crystallisations from ethanol, gave the required dibenzoyl derivative as colourless 
needles m. p. 159—160°. N-Benzoyl-p-chlorophenylcyanamide was prepared from #-chlorophenyl- 
cyanamide by the normal Schotten—Baumann procedure. It crystallised bom benzene-cyclohexane in 
colourless prisms, m. p. 134—135° (Found: N, 10-8%). 

Decomposition of N-p-Chlorophenylguanylpropionamidine (VII) with Ethylmagnesium Iodide.—(a) 
Ethylmagnesium iodide in ether (40 c.c.; 0-076 g.-mol.) was added during 2—3 minutes to a stirred 
solution of the amidine (5-6 g.) in ether (25 c.c.). After being stirred at room temperature for 2 hours, 
although much of the Grignard reagent remained unchanged, the reaction mixture was hydrolysed by 
pouring it into ammonium chloride solution (ammonium chloride, 10 g.; water, 25 c.c.; ice, 50 g.). 
precipitate which formed redissolved on addition of more water. The ethereal layer was separated and 
extracted with a further quantity of ether, and the extracts were combined. After being washed with 
water, the ethereal solution was shaken with 2N-sodium hydroxide (2 x 30 c.c.), washed, and dried, and 
the ether distilled off. The residue consisted of unchanged amidine (4-1 g.; m. p. 130—132°). The 
sodium hydroxide extract was acidified with hydrochloric acid, with ice-cooling. Extraction of the 
solution with ether and evaporation of the solvent after washing and drying gave only a trace of p-chloro- 
phenylcyanamide (VI). Acidification of the original ammoniacal solution (addition of ice), followed by 
extraction with ether and evaporation as before, gave no further amount of »-chlorophenylcyanamide 
(VI). The acid solution was therefore basified with sodium hydroxide solution until alkaline to Titan- 
yellow, cooling internally with ice, and the resulting suspension extracted continuously with ether for 
48 hours to yield crude p-chlorophenylguanidine (IX) (1-15 g.). 

(b) The initial reaction was carried out similarly, but the mixture was subsequently heated under 
reflux for 2 hours until only a faint indication of excess of alkylmagnesium iodide was obtained by the 
Gilman-Schulze test. The procedure described above was followed for isolation of the products. There 
were obtained unchanged amidine (3-3 g.; m. p. 126—130°), p-chlorophenylcyanamide (VI) (approx. 
0-1 g.; m. p. 102—103°), and crude #-chlorophenylguanidine (IX) (1-6 g.; contaminated with some 
guanylamidine) which crystallised from benzene in cream-coloured prisms, m. p. and mixed m. p. 120—121°. 

(c) The magnesium complex was formed as described under (5), little Imagnesium iodide remaining 
after 2 hours’ heating under reflux. Anisole (50 c.c.) was then introduced and ether distilled off on the 
steam-bath until an internal temperature of —_ 95° was obtained. The mixture was maintained 
at 90—100° for 14 hours, cooled, and hydrolysed with ammonium chloride solution as before. Ether was 
added to facilitate separation and after the usual extractions the ether—anisole solution was evaporated 
to dryness under reduced pressure. Crude guanylamidine (1-3 g.) remained. The sodium hydroxide 
extract and the ammoniacal solution acidified as before gave p-chlorophenylcyanamide (VI) (total, 
2-4 g.), m. p. 104—105°, and continuous extraction by ether of the basified mother-liquors gave an oil 
(0-6 g.) yielding p-chlorophenylguanidine picrate, m. p. 231—233°, on treatment with alcoholic picric acid. 

Examination of the Products of the Reaction between N-p-Chlorophenylguanylpropionamidine (VII) and 
Ethylmagnesium Iodide for Propionitrile and Cyanamide.—The reaction between the amidine (11-2 g.) in 
ether (50 c.c.) and ethylmagnesium iodide (80 c.c.; 0-15 g.-mol.) was carried out in the usual manner and, 
on completion, mS anisole (150 c.c.) was introduced. Ether was distilled off on the steam-bath, and the 
pressure then gradually reduced until a total of approx. 150 c.c. of y see had distilled off. The distillate 
was fractionated and a small fraction, b. p. 40—150°, was tested for nitrogen by fusion with sodium. 
Negative results were obtained and further search for propionitrile was abandoned. 
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The reaction mixture was then cooled and stirred during the gradual addition of benzoyl chloride 
(21 c.c.) in ether (100 c.c.) during $ hour. After being kept overnight the mixture was heated under 
reflux for 3 hours, cooled, and poured into 2n-hydrochloric acid (200 c.c.), the temperature being kept 
at ca. 25°. When dissolution of the solid was complete, the ether—anisole extract was examined for 
benzoylcyanamide as described above (p. 2570). the material was soluble in cyclohexane, i.e., no 
benzoylcyanamide was present. —_ : 

Reaction of p-Chlorophenylguanidine with Ethylmagnesium Iodide.—(a) ea (IX) 
(8-5 g.), suspended in ether (50 c.c.), was treated portionwise with ethymagnesium iodide (total, 93 c.c. ; 
0-175 g.-mol.) during 4 hours, until a positive reaction for excess of Grignard reagent was obtained and 
remained after } hour’s stirring. The reaction mixture was then hydrolysed with acid and the ethereal 
layer separated and washed as described above (p. 2567). On evaporation of the ether, a residue of 
crude p-chlorophenylurea (0-75 g.) remained, which, after recrystallisation from water, was obtained as 
listening plates, m. p. and mixed m. p. 213—214°. No p-chlorophenylcyanamide (VI) was detected. 

aqueous extract was made alkaline with aqueous ammonia (ice-cooling) and extracted with ether. 
Removal of the solvent, after drying (Na,SO,), and acetylation of the product (0-5 g.) gave p-chloro- 
acetanilide, m. p. 179—180° after crystallisation from 50% alcohol. The ammoniacal solution was then 
made strongly alkaline to Titan-yellow with sodium hydroxide solution and extracted with ether in a 
continuous extractor. After approx. 24 hours, 4-25 g. of p-chlorophenylguanidine (IX), m. p. 119—122° 
were recovered. 

(b) In a similar experiment, the p-chlorophenylguanidine (IX) was treated with ethylmagnesium 
iodide (88 c.c.; 0-168 g.-mol.) duing a few minutes and stirred for 1} hours. Ether was then displaced 
by anisole (50 c.c.) by the usual technique, and the mixture maintained at 95—100° for l hour. After 
cooling, it was hydrolysed by acid, and the ether—anisole and aqueous layers were separated and washed 
in the usual manner. By extraction of the ether-—anisole layer with sodium hydroxide solution a small 
amount (0-2 g.) of p-chlorophenylcyanamide (VI), m. p. 105—106°, was obtained. The residual anisole— 
ether solution, on evaporation to dryness, gave crude ~-chlorophenylurea (0-3 g.), m. Pi 203—205°. The 
aqueous extract, on basification with aqueous ammonia and extraction with ether, yielded p-chloroaniline 
(0-65 g.) and, after being made strongly alkaline with sodium hydroxide solution and extracted in a 
continuous extractor with ether for 48 hours, gave p-chlorophenylguanidine, m. p. 122—124° (6-3g.). A 
further 2 g. of p-chlorophenylguanidine (IX), m. p. 232—234°, was recovered (as its picrate) by treatment 
of the liquors (after the above extraction) with hydrochloric acid until they were clear, rebasifying with 
aqueous ammonia, and adding picric acid (2 g.) in water (40 c.c.) to the boiling solution. 

Reaction between N-p-Chlorophenylpropionamidine (X) and Ethylmagnesium Iodide.—To a solution of 
N-p-chlorophenylpropionamidine (X) (9-1 g.) in anisole (100 c.c.), ethylmagnesium iodide (75 c.c.; 0-145 
g.-mol.) was added rapidly and the whole stirred at room temperature for 14 hours. The mixture was 
then heated to 90—100° for 2 hours, whereafter an excess of Grignard reagent was still present. However, 
after cooling, the product was hydrolysed with acid in the usual manner. The hydriodide of unchanged 
amidine (X) (11-2 g.), m. p. 203°, crystallised and was filtered off and converted into the base (5-0 g.), 
m. p. 84°. The anisole-ether extract yielded a trace only of phenolic products which were discarded. 
The acid solution was basified with aqueous ammonia and extracted with ether. An oil (1-65 g.) 
remained on evaporation of the solvent; one portion thereof, on acetylation in aqueous alcohol, gave 
p-chlorophenylacetanilide, m. p. 179—180°; the remainder, by dissolution in dilute hydrochloric acid 
and salting out with sodium iodide, gave a further quantity of the amidine hydriodide, m. p. 203—205°. 

Reaction of p-Chlorophenylcyanamide (V1) with Ethylmagnesium Iodide.—(a) p-Chlorophenylcyanamide 
(VI) (3-8 g.) in ether (25 c.c.) was treated with ethylmagnesium iodide (26 c.c.; 0-05 g.-mol.), and the 
mixture stirred for 22 hours and then heated under reflux for 5 hours. A large excess of the Grignard 
reagent remained. The product was hydrolysed with hydrochloric acid (10N-acid, 10 c.c.; ice, 100 g.), 
and the ethereal extract worked up in the usual manner. 3-5 G. of p-chlorophenylcyanamide (VI) were 
Tecovered. 

(6) With the same quantity of p-chlorophenylcyanamide (VI) and ethylmagnesium iodide (30 c.c., 
0-057 g. mol.), the complex was formed in anisole, ether was distilled off, and the mixture heated at 
90—100° for 24 hours. A small amount of Grignard reagent remained unchanged. After cooling, the 
product was hydrolysed as in (a), a solid being deposited. This was filtered off, dissolved in warm water, 
and treated with aqueous sodium hydroxide. The base was extracted with ether, and on removal of the 
solvent under diminished pressure N-p-chlorophenylpropionamidine was obtained as a crystalline 
residue, m. p. 82—84° (1-05 g.). The ethereal and aqueous layers of the filtrate were separated. The 
aqueous solution was basified with aqueous sodium hydroxide until alkaline to Titan-yellow, and the 
sludge extracted with ether in a continuous extractor. On evaporation of the solvent a further quantity 
of the en (2-25 g.), m. p. 70—80°, remained, crystallising from cyclohexane 
in colourless prisms, m. p. 81—82°. The anisole-ether solution was extracted with aqueous sodium 
hydroxide, and the extract acidified, with ice-cooling. The precipitate which deposited was extracted 
with ether, and the solution washed, dried, and evaporated in vacuo, giving unchanged ~-chloropheny]l- 
cyanamide (VI) (0-4 g.), m. p. 105—106°. 

Reactions between Various Cyanoguanidines and Grignard Reagents.—(a) N-Cyano-N’-p-methoxyphenyl- 
eitine and ethylmagnesium iodide. (i) An experiment similar to that described above (b, p. 2567), 

t with N-cyano-N’-p-methoxyphenylguanidine (Part X, J., 1946, 734) (9-5 g.) in place of (IV), 
gave p-methoxyphenylcyanamide (1-65 g.; m. p. 86—88°) and N-propionyl-N’-p-methoxyphenylguan- 
idine, (7-8 g.), m. p. 122—123°. The latter substance crystallised from 30% ethanol in colourless 
N 190%). p. 124—125° (Found: C, 59-3; H, 6-6; N, 19-6. C,,H,,0O,N, requires C, 59-7; H, 6-6; 

, “0 ) + 

(ii) In a similar experiment, but with hydrolysis with ammonium chloride (ammonium chloride, 
20 g.; water 50 c.c.; ice, 100 g.), the technique described above (p. 2566) was then followed. The 
ethereal extract yielded a trace of material giving a red colour with ammoniacal copper sulphate—benzene 
(probably the guanylamidine) and »-methoxyphenylcyanamide (0-5 g.), m. p. 85—87°. The a? 
solution, on acidification and extraction with ether, gave a further quantity of p-methoxyphenyl- 
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cyanamide (0-85 g.), m. p. 76—80°. After ca. 48 hours the acid mother-liquors were basified with 
aqueous ammonia, giving a precipitate of N-propionyl-N’-p-methoxyphenylguanidine (1-6 g.), m. p. 123° 

A different technique was employed for the isolation of the p-methoxyphenylguanidine. Instead of 
basification with caustic alkali and continuous extraction with ether, the boiling ammoniacal solution 
was treated with picric acid (11-5 g.) in water (300 c.c.). The precipitate of crude p-methoxyphenyl- 
guanidine picrate (13-5 g.), m. p. 174—176°, was collected and recrystallised successively from butanol 
and pt it was deposited as yellow laminez, m. p. and mixed m. p. with an authentic specimen 
192—193°. 

(b) N-Cyano-N-phenyldicyandiamide and methylmagnesium iodide. N-Cyano-N-phenylguanidine 
(Part X, J., 1946, 733) (8-0 g.) and methylmagnesium iodide (90 c.c.; 0-165 g.-mol.) were allowed to 
react under the conditions described on p. 2566, and the technique there described was followed for the 
isolation of the products. The ethereal extract yielded the polymer of phenylcyanamide (triphenyliso- 
melamine) (1-05 g.), m. p. 184°, and a trace of basic oil giving the requisite colour reaction for 
N-phenylguanylacetamidine. The aqueous solution, by the treatment previously described, yielded 
a further amount of the isomelamine (1-15 g.). On basification and treatment with picric acid (7-0 g) 
in boiling water (200 c.c.), pure phenylguanidine picrate (9-5 g.), m. p. and mixed m. p. 226—2927° 
crystallised. 

(c) N-Cyano-N’-phenylguanidine and ethylmagnesium iodide. (i) A reaction similar to that described 
above but with ethylmagnesium iodide (33 c.c.; 0-158 g.-mol.) gave the unchanged cyanoguanidine 
(1-0 g.), polymeric phenylcyanamide (1-0 g.), an oil (0-6 g.) giving the required colour reaction for 
N-phenylguanylpropionamidine, and crude phenylguanidine picrate (10 g.), m. p. 210—215°. 

(ii) Similarly treated, the cyanoguanidine (8-0 g.) and ethylmagnesium iodide (87 c.c.; 0-168 g.-mol.), 
on acid hydrolysis of the magnesium complex and isolation of the products after the manner described 
on p. 2567 (b), gave the following : unchanged cyanoguanidine, 0-6 g. ; polymeric phenylcyanamide, 1-45¢.; 
N-propionyl-N’-phenylguanidine hydriodide (4-3 g.), m. p. 182—188°, which after dissolution in water, 
salting out with sodium iodide, and crystallisation of the dried precipitate from absolute alcohol was ob- 
tained in colourless needles, m. p. 190—191° (1-2 g.) (Found: C, 38-0; H, 4-4. Cj )9H,,;ON;,HI requires C, 
37-6; H, 44%); and N-propionyl-N’-phenylguanidine (3-0 g.), crystallising from 50% ethanol in 
colourless needles, m. p. 127—128° (Found: C, 62-4; H, 6-8; N, 22-3. Cj 9H,,;ON, requires C, 62-8; 
H, 6-8; N, 22-0%). 

(d) N-Cyano-N’-isopropylguanidine and phenylmagnesium bromide. N-Cyano-N’-isopropylguanidine 
(Part XXVIII, J., 1948, 1633) (4-2 g.) in ether (33 c.c.) was treated with phenylmagnesium bromide 
(52 c.c.; 0-11 g.-mol.), and the mixture heated under reflux for 5 hours until only a small amount of 
Grignard reagent remained unchanged. The reaction product was hydrolysed by being poured into acid 
(10N-acid, 16-5 c.c.; ice, 100 g.), and the two immiscible layers were separated and washed in the usual 
way. The ethereal solution was extracted with aqueous sodium hydroxide, washed, and evaporated to 
dryness, leaving a residue of crude diphenyl (1-0 g.) which on removal of contaminating oil on a porous 
tile had m. p. 60°, undepressed on admixture with authentic material. The alkaline extract on 
acidification and extraction with ether yielded, when the solvent was removed, a liquid (0-75 g.) identified 
as phenol by formation of the toluene-p-sulphonate, m. p. 94—96° (Found: C, 62-7; H, 4-9. Calc. for 
C,3H,,0,S: C, 62:9; H, 4:8%). The aqueous acid solution was made alkaline with aqueous ammonia. 
On storage overnight an unidentified infusible solid (2-9 g.) was precipitated and filtered off. A hot 
solution of picric acid (6 g.) in water (100 c.c.) was added to the filtrate, whereupon a mixture of 
benzamidine picrate and N-isopropylguanylbenzamidine picrate crystallised (6-0 g.; m. p. 175°). The 
mixture was recrystallised from 50% ethanol and the resulting crystals and mother-liquors were worked 
up separately to yield pure products. The crystals were recrystallised successively from 50% ethanol, 
twice from ethanol (95%), and finally from methanol to give pure N-isopropylguanylbenzamidine 
picrate as yellow prisms, m. p. 195° (after shrinking at 188°; no amount of crystallisation improved the 
m. p.) (Found: C, 47-2; H, 4-6; N, 22-4. C,,H,N,,C,H,;O,N, requires C, 47-1; H, 4-4; N, 226%). 
The mother-liquors were evaporated until most of the ethanol was removed, and the solid which deposited 
on cooling was crystallised first from water and then from a small volume of ethanol, to yield benzamidine 
— i i yellow needles, m. p. and mixed m. p. 239° (Found : N, 19-8. Calc. for C;,H,N,,C,H;0,N;: 

, 20-0 ‘o}* 

(e) Dicyanodiamide and ethylmagnesium iodide. Decomposition of the product with benzoyl chloride. 
Dicyandiamide (2-8 g.) in ether (33 c.c.) was heated under reflux for 24 hours with ethylmagnesium 
iodide (58 c.c.; 0-11 g.-mol.). A large excess of Grignard reagent was present even after this time. 
The reaction mixture was cooled and a solution of benzoyl chloride (15 aad in ether (50 c.c.) introduced 
gradually so that steady reflux was maintained during the addition. After storage for 20 hours, the 
mixture was heated under reflux for 3 hours, and then cooled and hydrolysed by pouring it 
into 2n-hydrochloric acid (150c.c.). The ethereal layer was separated and, after being washed with water, 
was extracted with dilute aqueous ammonia (total, 100 c.c.). The extract was cooled by addition of ice 
and acidified, and the precipitate dissolved in ether. This solution was dried (Na,SO,) and evaporated 
to dryness, giving a residue of benzoic acid and benzoylcyanamide from which benzoic acid was removed 
by extraction with boiling cyclohexane. The residue of benzoylcyanamide (2-5 g.) was crystallised from 
water, whereafter it had m. p. and mixed m. p. 140—141° (yield, 1-6 g.). 


The work described in this communication was carried out during the tenure of an I.C.I. Fellowship. 
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541. Reactions of Ethylene Oxides. Part III. Syntheses of Some 
Heterocyclic Compounds from Glycidic Esters and Related Compounds. 


By C. C. J. Cutvenor, W. Davies, J. A. MAcCLAREN, P. F, NEtson, and W. E. SavicE. 


A novel synthesis of 2 amino-4-keto-thiazolines substituted in the 5-position is effected 
by reaction of thiourea with glycidic esters. After the initial opening of the ethylene oxide ring, 
cyclisation is effected by loss of the alkoxy-group of the ester and not by loss of water; ¢.g., 
methyl dimethylglycidate yields 2-amino-4-keto-5-(1-hydroxyisopropyl)thiazoline (IV), readily 
dehydrated to the 5-isopropylidene derivative (V). The ethylene sulphide corresponding to 
the glycidic ester is not formed, but when the temperature of the reaction is too high, the 
corresponding unsaturated ester and sulphur are produced. The thiazolines of type (V) 
rapidly form characteristic derivatives with primary and secondary aromatic amines with loss 
of ammonia. 1-Benzoyl-2-phenylethylene oxide reacts with thiourea to give a compound 
analogous to (IV), i.e., 2-amino-4-phenyl-5-(a-hydroxybenzyl)thiazole (XV; R = Ph). 
o-Phenylenediamine and ethyl phenylglycidate form ethyl a-(o-aminoanilino)-B-hydroxy-B-phenyl- 

opionate (XVI), which is converted into 2-hketo-3-(a-hydroxybenzyl)-1 : 2: 3 : 4-tetrahydro- 
quinoxaline (XVII). 


Tue reaction of thiourea with glycidic esters might be expected (Culvenor, Davies, and 
Pausacker, J., 1946, 1050) to produce ethylene sulphide derivatives analogous to the original 
glycidic ester. Although this has not been realised, the decomposition products of such an 
ethylene sulphide, viz., the corresponding unsaturated ester and sulphur, are readily formed as 
well as urea. However, when suitably low temperatures are used, methyl dimethylglycidate 
(I; R = Me) and thiourea in aqueous alcohol form a thiazoline derivative. The probable 
intermediate product (II; R = Me) could theoretically cyclise either by loss of water to form 
the thiazoline ester (III), or by loss of alcohol to give 2-amino-4-keto-5-(1-hydroxyisopropyl)- 
thiazoline (IV), which is the product isolated. This water-soluble compound readily gives 
acetone by alkaline hydrolysis, and is easily dehydrated by boiling acetic acid to form 2-amino-4- 
keto-5-isopropylidenethiazoline (V), m. p. 285°, which is also formed, along with (IV), when 
ethyl dimethylglycidate (I; R = Et) is condensed with thiourea. 

The determination of the constitution of (V) presented difficulties. Its solubility is too 
low to admit of a satisfactory molecular-weight determination, and direct unambigous methods 
of synthesis are ineffective. Its structure, which may have the 2-imino-4-hydroxy- and other 
tautomeric forms, has been established as follows. It does not contain an alkoxy-group, and 
the sulphur atom must be in the ring, since it cannot be removed by the usual desulphurising 
agents such as aqueous sodium plumbite. The compound, m. p. 285°, gives acetone with 
aqueous permanganate, and it is amphoteric, though insoluble in weak bases such as aqueous 
sodium hydrogen carbonate or ammonia. Since y-thiohydantoins and 4-hydroxythiazoles 
are soluble in alkali (Renard and Chabrier, Compt. rend., 1948, 226, 582), the weakly acidic nature 
of (V) may be due to its tautomerism into a 4-hydroxy-derivative. This is probable, since the 
imino-form of (V) has the *CO*-NH°C(:NH): group. (V) is a sufficiently strong base to form a 
methosulphate and a picrate, but2-acetamido- and 2-phenylureido-4-keto-5-isopropylidenethiazoline 
are without basic properties. Acid hydrolysis of (V) converts it into 2-hydroxy-4-keto-5-iso- 
propylidenethiazoline (VI), identical with the desulphurisation product of 5-isopropylidene- 
rhodanine (VII), made by condensation of acetone with rhodanine (IX). This condensation of 
rhodanine with aliphatic ketones is apparently novel. Moreover, the action of anilide on (V) 
and (VII) gives the same product, viz., 2-anilino-4-keto-5-isopropylidenethiazoline (VIII). 
Attention is directed to the convenience of the rapid reaction in glacial acetic acid of primary 
and secondary aromatic amines with derivatives of ¥-thiohydantoin (XIII), whereby loss of 
ammonia affords the substituted 2-aminothiazoline derivative. The great activity of the 
methylene group in rhodanine makes it generally more useful than ¥-thiohydantoin for the 
production of thiazolines substituted in the 5-position. 

The condensation of ethyl phenylglycidate and thiourea at room temperature has been 
shown (Culvenor, Davies, and Heath, this vol., p. 278) to yield only ethyl cinnamate, sulphur, 
and urea, but it is now found that below 0° it gives a 17% yield of 2-amino-4-keto-5-benzylidene- 
thiazoline (X), identical with the condensation product from benzaldehyde and ¥-thiohydantoin 
(Stieger, Monatsh., 1914, 85, 144). It is converted by aniline into 2-anilino-4-keto-5 
benzylidenethiazoline, which is similarly obtained from 5-benzylidenerhodanine (XII) and 
aniline. 

1-Benzoyl-2-phenylethylene oxide (XIV; R = Ph) reacts with thiourea to form 2-amino-4- 
phenyl-5-(«-hydroxybenzyl)thiazole (KV; R = Ph), which is converted by fission with alkali 
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into benzaldehyde and 2-amino-4-phenylthiazole, already made from thiourea and w-bromo. 
acetophenone (Traumann, Annalen, 1888, 249, 38). Similarly, the nitrothiazolidine, m. p. 176°, 
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os G — er CO,R 
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formed in very small yield from 1-benzoyl-2-(m-nitrophenyljethylene oxide (XIV; R= m- 
NO,°C,H,) and thiourea (Bodforss, Ber., 1918, 51, 212; Culvenor, Davies, and Heath, loc. cit.), 
is probably not one of the two 2-imino-benzoyl-m-nitrophenylthiazolidines suggested by Bodforss 
but 2-amino-4-phenyl-5-(«-hydroxy-m-nitrobenzyl)thiazole (XV; R = m-NO,°C,H,). It is 
formed in such minute amount that this deduction has not been experimentally verified by 
fission with alkali (p. 2576). 

Reaction of Ethyl Phenylglycidate with o-Phenylenediamine.—It has been shown by Fourneau 
and Billeter (Bull. Soc. chim., 1940, 7, 593) that primary aromatic amines open the ethylene 
oxide ring in ethyl phenylglycidate to form derivatives of a«-amino-$-hydroxypropionic acid. 
It is now found that o-phenylenediamine reacts in the same way to form ethyl a-(o-aminoanilino)- 
B-hydroxy-B-phenylpropionate (XVI), the direction of the ring opening being apparent from the 
loss of benzaldehyde when (XVI) is heated with concentrated alkali. The structure of the 
ester, which forms a triacetyl derivative in which the acetyl groups may be attached to the two 
nitrogen atoms and the 8-oxygen atom, is shown by its conversion, and that of the corresponding 
acid, by heat into 2-keto-3-(a-hydroxybenzyl)-1 : 2:3: 4-tetrahydroquinoxaline (XVII). This 
forms a diacetyl derivative in which the two acetyl groups may have replaced a hydrogen atom 
on the hydroxyl group and on the 4-nitrogen atom, as shown in (XVIII). The formulation is 
in agreement with the fact (Motylewski, Ber., 1908, 41, 801) that the parent 2-keto-1 : 2:3: 4- 
tetrahydroquinoxaline is substituted by only one acetyl group, which is probably in position 4. 

It is seen from the present investigation that glycidic esters condense with compounds of 
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dual function to give rise to various heterocyclic compounds. Derivatives of thiazole are 
formed from thiourea, of quinoxaline from o-phenylenediamine, and of benzthiazine from 


GN /NH-CH HPh JN NH-CH HPh 
I p< H Dal. NeOw | hans i 
W\nn, > WW yu, 

(XVI) (XIX.) 


Hot dil, H,SO, or heat at 200° Ac,O 


Hot dil. | moo 


(XVIII.) 


o-aminothiophenol (Culvenor, Davies, and Heath, Joc. cit., p. 279). In all these cases, cyclisation 
is effected by loss of the alkoxy-group of the ester, and the newly formed hydroxy-group takes 
no part in the ring closure; similarly, with 1-benzoyl-2-phenylethylene oxide (XIV; R = Ph), 
where the oxygen of the carbonyl group, and not the ring oxygen, is eliminated. When the 
side chain contains a hydroxyl group [e.g., in (IV), (XV), or (XIX)], it readily suffers fission 
with aqueous alkali to form the corresponding carbonyl compound. This mode of hydrolysis is 
in contrast to that of the 5-arylidenerhodanine derivatives; e.g., (XII) reacts with alkali forming 
a-mercaptocinnamic acid [CHPh:C(SH)*CO,H] (Granacher, Helv. Chim. Acta, 1922, 5, 616). 
It is noteworthy that the conjugated chain CHPh‘C-CO*, as in (X) and (XII), does not add 
water to form the CHPh(OH)-CH:CO- derivative, since attempted hydrolysis with aqueous 


alkali or acid fails to give benzaldehyde. Aqueous potassium permanganate, however, produces 
benzaldehyde from such compounds as (X) and (XII). 


EXPERIMENTAL, 


Methyl dimethylglycidate (I; R = Me), b. p. 66—68°/20 mm., n? 1-4180, was obtained in 40% yield 
by gradually adding sodium methoxide solution (from 23 g. of sodium in 200 ml. of methanol) to molar 
quantities of acetone and methyl chloroacetate, the temperature being kept below 5°. The solution 
was then kept for two days at room temperature, hea under reflux for one hour, neutralised with 
acetic acid, diluted with water, and extracted with benzene. The benzene extract was dried (Na,SO,) 
and fractionated (Found: OMe, 24-6. C,H,O, requires OMe, 23-9%). The other main fraction 
consisted of methyl methoxyacetate, b. p. 42-5—44°/26 mm., n#? 1-4000. Ethyl dimethylglycidate, 
b. p. 69—74°/12 mm., n}f 1-4202, was obtained similarly in 50% yield. 

Reaction of Thiourea with Glycidic Esters.—A solution of methyl dimethylglycidate (2 g.) and thiourea 
(2 g.) in methanol (40 ml.) was kept for two weeks at 30°; when filtered from an insoluble black solid and 
then concentrated, it gave colourless needles, readily soluble in water, alcohol, and hot acetone, but 
sparingly soluble in cold acetone, from which or oe ng eA a (IV) 
separated in plates which charred at about 200° (Found: C, 41-6; H, 5-81; N, 16-3; O, 18-3. 
€,H,,O,N,S requires C, 41-4; H, 5-76; N, 16-1; O, 184%). With boiling 10% sodium hydroxide 
solution it gave acetone, and when heated under reflux with glacial acetic acid for one hour it was 
quantitatively converted into the 5-isopropylidene derivative (V). With phenyl isocyanate in acetone 
solution, it formed carbanilide and the same phenylureido-derivative as that from (V). 

Sulphur was formed in yields up to 0-78 g. when thiourea (7 g.) was heated under reflux with ethyl 
dimethylglycidate (7 g.) in 96% ethanol (50 ml.) for various periods up to 16 hours. 

2-A mino-4-keto-b-isopropylidenethiazoline (V) was obtained in 92% yield when the above reactants 
were allowed to stand at 35° for 10 weeks, the solution filtered and evaporated to dryness, and the 
tesulting brown solid boiled with glacial acetic acid (50 ml.), whereupon the initially clear solution 
tapidly became semi-solid through the deposition of crystalline (V) (10-2 g.). Small amounts of 
#-thiohydantoin and sulphur were also isolated. (V) was insoluble in water, sparingly soluble in organic 
solvents, and separated from a large volume of glacial acetic acid or ethanol in yes which at the 
m. p. (285°, decomp.) gave a garlic-like odour (Found: C, 46-15; H, 5-2. C,H,ON,S requires C, 46-2; 
H, 5-1%). It was insoluble in aqueous ammonia, and was precipitated by carbon dioxide from its 
solution in sodium hydroxide. It reacted with aqueous potassium permanganate to form acetone 
(identified as the p-nitrophenylhydrazone). Ammonia was slowly evolved when solutions of (V) in 

i or mineral acid were boiled. It was converted by heating under reflux for 8 hours with 
14n-sulphuric acid into 2 : 4-diketo-5-isopropylidenethiazolidine (VI), needles, m. p- 166°, readily soluble 
in hot, sparingly soluble in cold water (Found: C, 45-9; H, 4-67. C,H,O,NS requires C, 45-9; H, 
446%). This was also formed from ethyl dimethylglycidate and aqueous alcoholic thiourea in the 
presence of hydrochloric acid at 36° (Found: N, 9-10. C,H,O,NS requires N, 8-92%). The mono- 
acetyl derivative of (V), needles, m. p. 285° (decomp.), from ethanol, was formed by heating it under 
reflux with excess of acetic acid and anhydride for 3 hours (Found : C, 49-0; H, 5-51; N, 14-3; S, 16-6. 
€,H,,O,N,S requires C, 48-5; H, 5-0; N, 14-1; S,16-2%). The picrate of (V), yellow needles, m. p. 220° 
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(decomp.), from ethanol or acetic acid, was formed by admixture of the components in glacial acetic 
acid (Found: N, 18-0. C,,H,,0O,N,S requires N, 18-2%). 

hae yo og ela Me i gy pa pale yellow rosettes, m. p. 273° (decomp.), was 
obtained by heating a mixture of (V) (0-25 g.), phenyl isocyanate (1-25 ml.), and xylene (4 ml.) in a 
sealed tube at 140—150° for 2 hours, and was recrystallised from a large volume of glacial acetic acid 
(Found: C, 56-2; H, 4-58. C,,;H,,0,N,S requires C, 56-8; H, 4-74%); some carbanilide (m. p. 237°) 
was also isolated from this reaction. This phenylureido-derivative was insoluble in mineral acid, and 
did not form a picrate, but dissolved readily in warm 10% sodium hydroxide solution. 

The aromatic amine derivatives were made by heating both (IV) and (V) under reflux for 30 minutes 
with a small excess of amine in glacial acetic acid, followed by crystallisation of the product from ethanol, 
2-Anilino-4 a ae ee toa (VIII) forms small needles, m. p. 236—237° (Found : N, 12-1; 
S, 14:3. C,,H,,ON,S requires N, 12-0; S, 13-8%); 2-(p-chloroanilino)-4-heto-5-i opylidenethiazoline 
forms plates, m. p. 233—234° (Found: C, 54:15; H, 4:23; Cl, 13-5. C,,H,,ON,SCl requires C, 54-1; 
H, 413; Cl, 13-3%) ; the 2-(p-methoxyanilino)-analogue forms faintly yellow needles, m. p. 210—21]° 
(Found: OMe, 12-0. C,;H,,0,N,S requires OMe, 11-8%); and the 2-N-methylanilino-compound 
forms pale yellow needles, m. p. 171—172° (Found: N, 11-3. C,s3H,,ON,S requires N, 1}-4%). The 
primary amine derivatives were soluble in warm 10% sodium hydroxide solution, but that from the 
seconary amine was insoluble. 

5-isoPropylidenerhodanine (VII).—Rhodanine (2 g.), acetone (5 ml.), and anhydrous sodium acetate 
(1 g.) were dissolved in the minimum amount of glacial acetic acid and heated under reflux for 4 hours 
beneath an efficient condenser. The rhodanine crystallised from alcohol in orange yellow needles, m. p, 
197—198° (Found: N, 8-29; S, 37-3. C,H,ONS, requires N, 8-10; S, 37-0%). When (VII) (0-4 g,) 
was heated for one hour at 160—170° with aniline (1 ml.), hydrogen sulphide was evolved and the 

roduct crystallised from alcohol in needles, m. p. 236—237° undepressed by the aniline derivative 
VIII) obtained from (V). 

Although many different experimental conditions were tried, a similar condensation between acetone 
and ¥%-thiohydantoin (XIII) to yield (V) could not be effected. 

The rhodanine (VII) (0-5 g.) was heated under reflux with lead acetate (5 g.) in 50% alcohol, and the 

‘lead sulphide formed was repeatedly filtered off. After 48 hours the excess of lead salts was removed 
by precipitation with hydrogen sulphide, and the filtrate on evaporation yielded (VI), which recrystallised 
from water as needles, m. p. 165—166°. 

Reaction of Thiourea with Ethyl Phenylglycidate-—Ethyl phenylglycidate (2 g.) and thiourea (0-8 g.) 
were dissolved in ethanol (90 ml.) and kept at —3° to 0° for 7 weeks. Sulphur, m. p. 122—126° (60% 
yield), was collected, the filtrate concentrated almost to dryness, the ethyl cinnamate extracted with 
ether, the residue digested with warm 10% sodium hydroxide solution, and the filtered alkaline extract 
neutralised with acid, yielding 2-amino-4-keto-5-benzylidenethiazoline (X) (0-35 g., 17%). This was 
soluble in mineral acid and alkali, and recrystallised from acetic acid in long yellow needles, m. p. 294° 
(decomp.) (Found: N, 13-56; S, 16-0. Calc. for CyH,ON,S: N, 13-7; S, 15-7%); and in exactly 
the same manner as (V), it formed two derivatives, viz., a picrate, m. p. 232°, yellow needles from acetic 
acid (Found: N, 16-2. C,,H,,0O,N,S requires N, 16-2%), and an aniline derivative (XI), m. p. 256°, 
yellow micro-rosettes from acetic acid (Found: N, 9-8. Calc. for C,;,H,,ON,S: N, 10-0%), shown by 
mixed m. p. to be identical with 2-anilino-4-keto-5-benzylidenethiazoline, made by the action of aniline 
on the condensation product (XII) of rhodanine and benzaldehyde (Granacher, Helv. Chim. Acta, 1920, 
8, 152). 

2-Amino-4-phenyl-5-(a-hydroxybenzyl)thiazole (XV; R = Ph).—1-Benzoyl-2-phenylethylene oxide 
(5 g.) and thiourea (10 g.) were heated under reflux in alcohol (75 ml.) for 7 minutes, the solution poured 
into water, and the non-viscous portion (1-3 g.; 20% yield) of the product separated by decantation. 
Recrystallisation from alcohol gave the thiazole (XV) in glistening plates, m. p. 207° (Found: C, 67-9; 
H, 5-1; N, 10-1. C,gH,,ON,S requires C, 68-1; H, 5-0; N, 99%). It was converted by boiling 
with 10% sodium hydroxide solution for a few minutes into benzaldehyde and 2-amino-4-phenylthiazole, 
m. p. 147°, identical (mixed m. p.) with a specimen made from w-bromoacetophenone and thiourea 
(Traumann, Joc. cit.). This aminothiazole was analogous to the minor product, m. p. 176°, from benzoyl- 
m-nitrop henylethylene oxide and thiourea, since both gave a purple colour when a solution in acetic acid 
was treated with a trace of sodium nitrite. The compound, m. p. 176°, very soluble in alcohol, insoluble 
in water, was probably (XV; R = m-NO,°C,H,). 

Condensation of Ethyl Phenylglycidate and o-Phenylenediamine.—o-Phenylenediamine (5-4 g.; 
0-05 mole) and ethyl phenylglycidate (9-6 g.; 0-05 mole) in ethanol (35 ml.) were heated under reflux 
for 9 hours. Crystals separated on cooling, and more on concentration of the mother-liquor, and after 
recrystallisation from aqueous alcohol a total yield of 7:5 g. of ethyl a-(o-aminoanilino)-B-hydroxy-B- 
perme Oe ye (XVI), m. p. 130-5°, was obtained (Found: C, 68-2, 68-1; H, 6-74, 6-57. C,,H»Os 
requires C, 68-0; H, 6-67%). It was readily soluble in organic solvents and cold dilute mineral acid. 
Boiling with excess of acetic anhydride for 4 hour gave the triacetate, short needles, m. p. 189°, from 
alcohol (Found : N, 6-68, 6-77. C,,;H,,O,N, requires N, 657%. C,,H,,O,N, requires N, 7-29%). The 
ester (XVI) (0-5 g.) was hydrolysed (ethanol being isolated) by 20 minutes’ boiling with 10% aqueous 
sodium hydroxide (15 ml.), the cooled yellow solution neutralised to Congo-red with hydrochloric acid, 
and the precipitated amino-acid (XIX) (0-4 g.) recrystallised from aqueous alcohol, forming micro- 
crystals, m. p. 176° (decomp), ee the dihydrate (Found : C, 58-55; H, 6-40. C,,;H,,0,N,,2H,0 
requires C, 58-4; H, 6-49%). It was readily soluble in hot and sparingly soluble in cold water, was 


amphoteric, and like the parent ester (XVI) it gave red solutions with aqueous mineral acid which 
deposit, especially after boiling or standing, a red amorphous product (apparently from oxidation), 
insoluble in water and in ether. Fission as well as hydrolysis of the ester (XVI) was effected when 
0-4 g. was heated under reflux for 7 hours with potassium hydroxide (5 g.) in aqueous alcohol (10 ml.). 
Even after this prolonged treatment, a large amount’ of (XIX) was recovered on subsequent 


neutralisation. The steam-distillate yielded a few drops of benzaldehyde, identified by its odour and 
p-nitrophenylhydrazone, m. p. 190-5° alone or mixed with an authentic specimen. 
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Piste 2-odydrecytonay?l : 2:3: 4-tetrahydroquinoxaline (XVII), short needles, m. p. 167-5° (Found : 
N, 11:1. C,sH,O,N, requires N, 11-0%), was obtained when the amino-acid (XIX) or the ester (XVI) 
(2 g.) was heated under reflux with 2N-sulphuric acid (50 ml.) for 20 minutes, the red precipitate filtered 
off, the filtrate neutralised with ammonia, and the new ) ag: vw recrystallised from ether and then 
from alcohol. It was also obtained by heating (XIX) for 15 minutes at 190—200°. It dissolved in 
cold dilute acids or warm sodium hydroxide solution, and when heated under reflux with excess of acetic 
anhydride for 4 hour gave the diacetyl derivative (XVIII), plates, m. p. 171—172° (Found: C, 67-35; 
H, 5-40. C,.H,,0,N, requires C, 67-45; H, 5-33%), from alcohol. This was also obtained when the 
amino-acid (XIX) was similarly treated with acetic anhydride. 


Micro-analyses were carried out by Mr. N. L. Lottkowitz. The authors wish to express their thanks 
to Messrs. L. R. Wilkinson for experimental assistance and R. B. Bradbury for the oxygen determination 


on (IV). 
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542. Synthesis of 2-Pyridyl-, 2-Quinolyl-, and 1-isoQuinolyl-carbinols. 
By B. R. Brown. 


The Hammick reaction (Dyson and Hammick, J., 1937, 1724; Mislow, J. Amer. Chem. Soc., 
1947, 69, 2559) has been applied to non-aromatic ketones. 3-1’-isoQuinolylpentan-3-ol, 
1-1’-isoguinolylcyclohexanol and several 2-pyridylcarbinols and 2-quinolyl ketones have been 
synthesised by this method. 8-Nitroquinaldinic and quinoxaline-2-carboxylic acid do not 
undergo the Hammick reaction. Bromination of 2: 3-dimethylquinoline and 9-methyl- 
phenanthridine yielded 3-methyl-2-tribromomethylquinoline and 9-tribromomethylphenanthridine. 
A new preparation of 2-acetylquinoline by the bromination of 2-ethylquinoline is described. 


REcENTLY Tilford, Shelton, and Campen (J. Amer. Chem. Soc., 1948, 70, 4001) and Sperber, 
Papa, Schwenk, and Sherlock (ibid., 1949, 71, 887) described the preparation of 2-pyridyl- 
carbinols by two methods: (1) condensation of pyridine and an aldehyde or a ketone in the 
presence of aluminium, mercuric chloride, and mercury (Emmert and Asendorf, Ber., 1939, 72, 
1188; Emmert and Pirot, ibid., 1941, 74, 714); and (2) decarboxylation of picolinic acid in an 
aromatic aldehyde or ketone (Ashworth, Daffern, and Hammick, J., 1939, 809). 

The latter method, the Hammick reaction (Mislow, loc. cit.), has now been extended and 
used with non-aromatic carbonyl compounds. Decarboxylation of picolinic, quinaldinic, and 
isoquinaldinic acid in cyclohexanone has yielded 30% of 1-2’-pyridyl-, 1-2’-quinolyl-, and 1-1’- 
isoguinolyl-cyclohexanol, and that of isoquinaldinic acid in diethyl ketone gave a 20% yield of 
3-1’-isoquinolylpentan-3-ol. 

The bromination of 2: 3-dimethylquinoline, 2-methylquinoxaline, and 9-methylphen- 
anthridine in a sodium acetate—acetic acid buffer (Hammick, J., 1923, 2882) gave 3-methyl-2- 
tribromomethylquinoline, 2-tribromomethylquinoxaline, and 9-tribromomethylphenanthridine, 
respectively. Hydrolysis of the first two bromo-compounds was used as a convenient route to 
the corresponding acids. 9-Tribromomethylphenanthridine was unchanged after being boiled 
with sulphuric acid for 20 hours. 

Syntheses of miscellaneous carbinols have been carried out using the Hammick reaction. 
It appears to be a, general rule that secondary 2-quinolyl alcohols are very readily autoxidised, 
since when these compounds should result from the reaction the corresponding ketone is 
invariably obtained. On the other hand, 2-pyridyl- and 1-isoquinolyl-carbinols of this type are 
quite stable in air. 

8-Nitroquinaldinic and quinoxaline-2-carboxylic acid are decarboxylated in benzaldehyde, 
acetophenone, or benzophenone to yield only the parent bases. No alcoholic products could be 
detected. 

A brief examination of the synthetic method of Emmert ef al. (locc. cit.) by the new 
technique of Tilford, Shelton, and Campen (loc. cit.) has indicated that the reaction is generally 
applicable to the synthesis of 2-quinolylcarbinols (e.g., of phenyl-2-quinolylmethylcarbinol), but 
no success has been achieved by using isoquinoline with either aldehydes or ketones. 

2-Ethylquinoline smoothly absorbs two molecules of bromine. Direct hydrolysis of the 
product, without isolation of the intermediate dibromo-compound, provides a good method for 
the preparation of 2-acetylquinoline. 

EXPERIMENTAL. 


‘ _ PS) and b. p.s are uncorrected. Analyses are by Mr. F. C. Hall and by Drs. Weiler and Strauss 
0 ord). 

1-2’-Pyridylcyclohexanol.—Picolinic acid (5-0 g.) was heated under reflux with cyclohexanone (50 ml.) 
for 58 hours. The solution was then extracted with equal volumes of 15% hydrochloric acid and ether, 
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and the acid layer made alkaline. Ether-extraction yielded a basic yellow oil which was distilled at 
atmospheric pressure. 1-2’-Pyridylcyclohexanol was collected at 260°, as a colourless oil which 
solidified. Recrystallisation from light petroleum (b. p. 80—100°) yielded colourless rectangular prisms 
(2-4 g., 33%), m. p. 41—42° (Found : 74-8; H, 8-4. Calc. forC,,H,,ON : C, 74-6; H,8-4%). Emmert 
and Pirot (loc. cit.) record m. p. 43°. The picrate separated from alcohol-ether as small yellow prisms 
m. p. 82—83° after softening (Found: N, 13-0. C,,H,,0,N,,C,H,O requires N, 12-9%). F 

General Method of Decarboxylation.—The conditions used by Dyson and Hammick (loc. cit.) and 
Ashworth, Daffern, and Hammick (loc. cit.) were employed. The acid was heated in 6—10 times its 
weight of carbonyl compound at such a temperature that the decarboxylation usually took 
about 4hours. When easily oxidisable aldehydes were used the reaction was carried out under nitrogen. 
The basic products were isolated by means of 15% hydrochloric acid. The method is described in ful] 
in the following example. In succeeding examples the procedure is described in full after isolation of 
the basic products. 

3 : 4-Dimethoxyphenyl-2'-pyridylcarbinol.—Picolinic acid (4-0 g.) was slowly decarboxylated by 
heating it in redistilled veratraldehyde (30 g.) under nitrogen for 4 hours. Basic products were extracted 
with 15% hydrochloric acid and ether. The acid layer was made alkaline, and the resulting oil isolated 
by means of ether. This oil separated from light petroleum (b. p. 80—100°) in the form of stout 
colourless prisms (1-2 g., 15%), m. p. 92—93° (Found: C, 69-0; H, 6-1. Calc. for C,,H,,0,N: C, 
68-6; H, 6-1%). Sperber et al. (loc. cit.) recorded a yield of 2-5%, but give no m. p. for their product, 
The picrate separated from alcohol as yellow needles, m. p. 137—138° (Found: N, 11-5. Cy 9H,,04N, 
requires N, 11-8%). 

“43-1’-isoQuinolyipentan-8-ol.—Steam-distillation of the basic products from isoquinaldinic acid and 
diethyl ketone yielded first isoquinoline and then a colourless oil which crystallised in the distillate, 
Recrystallisation from dilute aqueous alcohol yielded 3-1’-isoguinolylpentan-3-ol (20%) as colourless 
irregular plates, m. p. 56—57° (Found: C, 78-2; H, 8-1. C,,H,,ON uires C, 78-1; H, 7-°9%). The 
compound has a pleasant, slightly camphoric odour. It is slightly soluble in hot water from which it 
crystallises. Attempts to prepare a picrate and a benzoyl derivative were unsuccessful. 

1-1’-isoQuinolylcyclohexanol.—Distillation in a vacuum removed isoquinoline from the basic products 
derived from isoquinaldinic acid and cyclohexanone. Crystallisation of the residue from light petroleum 
(b. p. 40—60°) yielded 1-1’-isoguinolylcyclohexanol (28%) as long narrow plates, m. p. 92—93° (Found: 
C, 79-2; H, 7-65. C,,H,,ON requires C, 79-3; H, 7-5%). 

2-Acetylquinoline.—A mixture of 2-ethylquinoline (12-8 g., 1 mol.), acetic acid (80 ml.), and 
anhydrous sodium acetate (30 g.) was treated at 90° during 10 minutes with bromine (8-2 ml., 2 mols.) 
in acetic acid (50 ml.). The bromine was completely absorbed, and sodium bromide separated. The 
mixture was kept at 90° for 30 minutes, then heated under reflux with 2N-sulphuric acid (100 ml.) for 
30 minutes, and made just alkaline with aqueous sodium carbonate. Distillation with steam yielded a 
colourless oil (8-7 g., 62%) which slowly solidified. After several recrystallisations from dilute alcohol to 
constant m. p., the ketone was obtained as fine colourless needles, m. p. 46° [Kaufmann and Dandliker 
(Ber., 1913, 46, 2942) record m. p. 52°]. The phenylhydrazone separated from alcohol as slender yellow 
needles, m. p. 153—154° (Kaufmann ef aij. record m. p. 154°). 

1-2’-Quinolylcyclohexanol.—Steam-distillation of the basic products from quinaldinic acid and 
cyclohexanone yielded first quinoline and then the carbinol (29%) as colourless waxy plates, m. p. 67° 
(Found: C, 78-9; 7-5. Calc. for C,,H,,ON: C, 79-3; H, 75%). Emmert and Pirot (loc. cit.) record 
m. p. 66°. The compound has a characteristic camphoric odour. The picrate separated from methyl 
alcohol as yellow rods, m. p. 150—151° (Found: C, 55-0; H, 4-4. C,,H,.O,N, requires C, 55-3; H, 
4-4%). Emmert and Pirot record m. p. 145°, but give no analysis. 

m-Methoxyphenyl 2-Quinolyl Ketone.—Interaction of quinaldinic acid and m-methoxybenzaldehyde 
and the usual extraction procedure, followed by steam-distillation from alkaline solution, yielded a 
residual brown viscous oil, which was isolated by means of ether. Extraction with hot dilute acetic 
acid (charcoal) gave colourless needles (38%). Recrystallisation from light petroleum (b. p. 60—80°) 
gave the ketone as colourless silky needles, m. p. 70—71° (Found: C, 77-95; H, 4-95. C,,H,,0,N 
requires C, 77-6; H, 49%). The 2: 4-dinitrophenylhydrazone crystallised from acetic acid as small 
orange-coloured needles, m. p. 249° (Found: N, 15-6. C,3H,,O;N, requires N, 15-8%). 

m-Methoxyphenyl-2-decahydroquinolylcarbinol.-—m-Methoxypheny| 2-quinolyl ketone (1-1 g.) was 


hydrogenated in ethyl alcohol (80 ml.) in the presence of Raney nickel (1-0 g.) at 100° and 
100 atmospheres (3 hours). Removal of the catalyst, treatment with charcoal, and evaporation of the 
solvent yielded a colourless viscous oil (1-0 g.) which partly crystallised overnight. Attempts to 
separate the racemates by fractional crystallisation from light petroleum were unsuccessful. 
Crystallisation from 4N-hydrochloric acid eo colourless crystals (0-1 g.) of the hydrochloride of one 
racemate. This a crystallised from alcohol as small colourless prisms, m. p. 256—258° 


(decomp.) (Found : 65-6; H, 8-25. C,,H,,0,N,HCl requires C, 65-5; H, 8-35%). An aqueous 
solution of the hydrochloride gives no colour with ferric chloride. 

3: 4-Dimethoxyphenyl 2-Quinolyl Ketone-—Quinaldinic acid and veratraldehyde, by interaction, 
extraction, and crystallisation of the resulting basic oil from dilute acetic acid and then from light 
petroleum (b. p. 60—80°), yielded the ketone (24%) as small colourless needles, m. p. 104° (Found: 
C, 73-75; H, 5-0. C,,H,,0,N requires C, 73:7; H, 5-1%). The 2: nate? oe vazone separated 
from oon acid a) the form of very small red needles, m. p. 246—247° (Found: N, 14:3. C,H ,O,N, 
requires N, 14-8%). 

oa Furyi 2-Quinolyl Ketone.—The hydrochloric acid extract of the products obtained from quinaldinic 
acid and furfuraldehyde was filtered through charcoal, made alkaline, and distilled in steam to remove 
quinoline. The residua] black solid was extracted with light petroleum (b. p. 80—100°). The extract 
yielded sandy yellow needles (16%; m. p. 84—85°). Two recrystallisations from the same solvent 
yielded 2-furyl 2-quinolyl ketone as colourless needles, m. p. 88—89° (Found : C, 75-1; H,4-0. C 4H,0,N 
requires C, 75-4; H, 40%). The 2: 4-dinitrophenylhydrazone separated from acetic acid as red micro- 
crystals, m. p. 222—223° (Found: C, 57-7; H, 3:35. CyyH,,0,N, requires C, 58-1; H, 3-15%). 
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Phenyl-2-quinolylmethylcarbinol (cf. Emmert and Pirot, Joc. cit.).—A mixture of quinoline (20 g.), 
henone (20 g.), aluminium foil (5 g.), mercuric chloride (5 g.), a few drops of mercury, and a crystal 
line was heated until a vigorous reaction ensued. Toluene on ml.) was then added, and the 
mixture kept at 90° and stirred vigorously for 5 hours. Treatment of the reaction mixture with aqueous 
sodium hydroxide yielded a semi-solid brown product which was dissolved in ether. Basic compounds 
were extracted with 10% hydrochloric acid, the acid layer was made alkaline, and quinoline removed 
in steam. The remaining brown oil was dissolved in hot light petroleum (b. p. 80—100°). The 
which separated on cooling were crystallised several times from light petroleum to give the 
carbinol (7-3 g., 19%) as colourless needles, m. p. 101—102°. Dyson and Hammick (loc. cit.) give 
m. p. 100°. The picrate crystallised from alcohol as yellow needles, m. p. 168—169° (Found: N, 11-4. 
CysH,s0,N, requires N, 11-7%) (Dyson and Hammick record m. p. 169°, but give no analysis). 
3-Methyl-2-tribromomethylquinoline.—This was obtained by the method used by Hammick (/., 1923, 
2882) for the preparation of w-tribromoquinaldine. 2 : 3-Dimethylquinoline (1-4 g.) yielded 3-methyl-2- 
tribromomethylquinoline (3-0 g., 86%), which crystallised from acetic acid as stout colourless needles, 
m. p. 157—158° (Found: Br, 61-1. C,,H,NBr, requires Br, 60-9%). The compound liberates iodine 
from acidified potassium iodide solution. 
3-Methylquinoline-2-carboxylic Acid.—3-Methyl-2-tribromomethylquinoline (2-0 g.) was heated under 
reflux with 10% sulphuric acid (25 ml.) for 16 hours. - The acid was isolated through its copper salt. 
Recrystallisation from benzene yielded colourless needles, m. p. 141—142° (decomp.) (0-5 g., 53%). 
Koenigs and Stockhausen (Ber., 1901, 34, 4332) report m. p. 144° (decomp.). 
Phenyl-3-methyl-2-quinolylmethylcarbinol.—Decarboxylation of 3-methylquinoline-2-carboxylic acid 
(0-4 g.) in excess of acetophenone, followed by the usual extraction procedure, yielded a yellow basic 
oil, a solution of which in light petroleum (b. p. 60—80°) deposited tea "a dee 
carbinol (0-3 g., 54%) as colourless rods, m. p. 115—116° (Found: C, 82-1; H, 6-4. C,,H,,ON requires 
C, 82-2; H, 6-45%). The picrate separated from alcohol as fine yellow needles, m. p. 181—182° (Found : 
C, 58-6; H, 4-1. C,H 0,N, requires C, 58-6; H, 41%). 
2-Tribromomethylquinoxaline.—This compound separated from ethyl alcohol as pink plates, m. p. 
109° (77%) (Bennett and Willis, J., 1928, 1960, record m. p. 109° and a yield of 10%). 
2-Dibromomethylquinoxaline.—A hot solution of 2-tribromomethylquinoxaline (4-0 g., 1 mol.) in 
alcohol (40 ml.) was treated with a solution of silver nitrate (4-0 g., 2-2 mols.) in a mixture of alcohol 
(7 ml.) and water (15 ml.) and warmed for 5 minutes. Excess of dilute hydrochloric acid was added 
and the silver halides separated. On cooling, the yellow filtrate deposited almost colourless needles 
(1-2 g., 40%). Recrystallisation from alcohol yielded 2-dibr thylqui line as colourless needles, 
m. p. 118° (Found: C, 35-8; H, 2-4; N, 9-15. C,H,N,Br, requires C, 35-8; H, 2-0; N, 9-3%). 
Quinoxaline-2-carboxylic Acid.—A hot solution of 2-tribromomethylquinoxaline (11-8 g., 1 mol.) in 
alcohol (80 ml.) was treated with a solution of silver nitrate (20-0 g., 3-7 mols.) in aqueous alcohol and 
heated under reflux for 15 minutes. Excess of dilute hydrochloric acid was added, the silver halides 
were removed, and the filtrate was evaporated under reduced pressure to remove alcohol. The yellow 
crystals of the acid separated from water as fine colourless needles (2-7 g., 50%), m. p. 209° (decomp.) 
(Found: N, 15-8. Calc. for C,H,O,N,: N, 16-1%). Maurer, Schiedt, and Schroeter (Ber., 1935, és, 
1716) record m. p. 210°. The copper salt was precipitated from an aqueous solution of the acid as 
green needles (Found: Cu, 15-9. C,,H,O,N,Cu requires Cu, 15-5%). 
9-Tribromomethylphenanthridine.—9-Methylphénanthridine (1-9 g., 1 mol.) (Morgan and Walls, 
J., 1931, 2450) in a mixture of acetic acid (15 ml.) and anhydrous sodium acetate (5 g.) was treated at 
90° with a solution of bromine (1-5 ml., 3 mols.) in acetic acid (10 ml.). The tribromo-compound 
separated during the experiment in the form of almost colourless needles. The reaction mixture was 
cooled, and the mixture of product and sodium bromide separated and washed with acetic acid and 
then with water until free from bromide. Recrystallisation from much alcohol yielded slender colourless 
needles (2-7 g., 63%), which were dried at 100° in a vacuum and then had m. p. 181—182° (Found : 
Br, 55-75. C,,H,NBr, requires Br, 55-8%). The compound liberates iodine from acidified potassium 
iodide solution, and is unaffected by being boiled with 10% sulphuric acid for 20 hours. 


The author is indebted to Dr. D. Ll. Hammick for his interest in this work which was carried out 
during the tenure of a Maintenance Grant from the Department of Scientific and Industrial Research. 
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543. Quinoxaline Oxides. Part II.* The Action of Hydrochloric Acid 
on 3-Ethoxy-2-methylquinoxaline 1-Oxide. 
By Witi1am Dawson, G. T. NEwBOLp, and F. S. SpRInc. 


A synthesis of 2-hydroxy-3-chloromethylquinoxaline (V) is described; the product is 
different from the isomeric compound, m. p. 265—268°, obtained by treatment of 3-ethoxy-2- 
methylquinoxaline l-oxide (II) with hydrochloric acid. A synthesis of 6-chloro-3-hydroxy-2- 
methylquinoxaline (VIII) is described; it is identical with the compound, m. p. 265—268°. 


OxIpaTION of 2-ethoxy-3-methylquinoxaline (I) with hydrogen peroxide gives a monoxide 
formulated as 3-ethoxy-2-methylquinoxaline 1-oxide (II), the alternative structure 2-ethoxy-3- 


} eg I is “ The Oxidation of 2-Hydroxyquinoxaline and its Derivatives with Hydrogen Peroxide,” 
” , 519. 
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methylquinoxaline 1l-oxide (III) being excluded since treatment of the oxide with dilute 
hydrochloric acid did not yield the cyclic hydroxamic acid (IV) (Newbold and Spring, /., 1948, 
519). The product from the latter reaction was a compound C,H,ON,Cl, m. p. 265—268° 
the ultra-violet absorption spectrum of which was very similar to that of 2-hydroxy-3-methyl- 
quinoxaline; it was described by Newbold and Spring as 2-hydroxy-3-chloromethy]- 
quinoxaline (V). 


oO 


“nN 
ON Muyo IN 0M 


( ) 
\AnOF Vy - 


O 
(II.) (III) 


2-Hydroxy-3-chloromethylquinoxaline (V) has been synthesised by an unambiguous route; 
the product differs from the compound, m. p. 265—268°, obtained by the action of hydrochloric 
acid upon 3-ethoxy-2-methylquinoxaline l-oxide. The synthesis was effected by condensation 
of ethyl chloropyruvate with o-phenylenediamine : 


7\NH, O-CH, Cl 
Om + Se a ™ 
The compound C,H,ON,Cl, m. p. 265—268°, is soluble in dilute sodium hydroxide and is 
precipitated from this solution on acidification. It would thus appear to be a chloro- 
substituted 2-hydroxy-3-methylquinoxaline, and the side chain, since it does not carry the - 
halogen substituent must be at position 5, 6, 7, or 8 (i.e., the compound is 5- or 6-chloro- 
2-hydroxy-3-methylquinoxaline or 6- or 5-chloro-3-hydroxy-2-methylquinoxaline). A synthesis 


OMe 
O,H 


(VI.) 


\ )NHMe O,H WY x 
ivLe 


(XI.) (IX.) 


of 6-chloro-2-hydroxy-3-methyl- (VII) and/or 6-chloro-3-hydroxy-2-methylquinoxaline (VIII) 
was attempted by condensation of 4-chloro-o-phenylenediamine (VI) with pyruvic acid. The 
product was a mixture from which a compound C,H,ON,Cl, m. p. 265—267°, was isolated. 
Its identity with that obtained from 3-ethoxy-2-methylquinoxaline 1l-oxide was established 
by the preparation and comparison of the N-methyl derivatives. 

Treatment of the crude reaction product from 4-chloro-o-phenylenediamine and pyruvic 
acid with methyl sulphate and alkali gave the expected two N-methyl derivatives, m. p. 
144—145° and 227—229°. The latter is identical with the N-methyl derivative obtained 
from the previously described chloro-2-hydroxy-3-methylquinoxaline, m. p. 265—267°. The 
N-methyl derivative, m. p. 144—145°, was identified as 6-chloro-2-keto-1 : 3-dimethyl-1 : 2- 
dihydroquinoxaline (IX) by its synthesis from 4-chloro-2-amino-N-methylaniline (XI) and 
pyruvic acid. It follows that the N-methyl derivative, m. p. 227—229°, is 7-chloro-2-keto- 
1 : 3-dimethyl-1 : 2-dihydroquinoxaline (X) and that its parent compound, C,H,ON,Cl, m. p. 
265—267°, is 6-chloro-3-hydroxy-2-methylquinoxaline (VIII). 


oO 


a NH, Ps ponte 


EXPERIMENTAL. 


2-Hydroxy-3-chloromethylquinoxaline—Ethyl chloropyruvate (b. p. 79—80°/10 mm.; 0-9 g.) in 
ethanol (2 c.c.) was added to a solution of o-phenylenediamine (0-55 g.) in ethanol (5 c.c.) at 55°. The 
solid product which separated was collected and crystallised from ethanol (charcoal) from which 
2-hydroxy-3-chloromethylquinoxaline separated as felted needles, m. p. 221—222° (decomp.) (Found: 
C, 55-6; H, 3-6; N, 14-5. C,H,ON,Cl requires C, 55-5; H, 3-6; N, 14-4%). 2-Hydroxy-3-chloro- 
methylquinoxaline is sparingly soluble in water, soluble in dilute sodium hydroxide, and precipitated 
from ine solutions by dilute mineral acids. Light absorption in 0-1N-sodium hydroxide: Maxima, 
2380 a., e = 23,600; and 2540 4., e = 7400. 
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6-Chloro-3-hydroxy-2-methylquinoxaline.—A solution of 4-chloro-o-phenylenediamine (1-43 g.; 
Haworth and Robinson, J., 1948, 777) in water (50 c.c.) was treated at 70° with a solution of pyruvic 
acid (1-5 g.) in water (10 c.c.) with shaking. The mixture was cooled and the solid collected, washed 
with ice-water, and dried (1-87 g.; m. p. 235—240° with sintering at 220°). The mixture was 

tallised 


crys five times from aqueous acetic acid giving needles (0-56 g.), m. p. 251—254°. A solution of 
this solid in warm chloroform (200 c.c.) was filtered through a column of alumina (Spence H, 12 x 3cm.). 
This column was washed with chloroform and the following fractions were collected : 


Fraction. Eluate (c.c.). Solute (mg.). M. p. Fraction. Eluate (c.c.). Solute (mg.). M. p. 
15 } oil 6 249—252° 
15 y 7 240—243 
260—262° 8 240 approx. 
9 


60 260—262 240 approx. 
190 250—255 


Fractions 3 and 4 were combined, crystallised from ethanol, and then sublimed et 180°/10-* mm., giving 
6-chloro-3-hydroxy-2-methylquinoxaline as needles, m. p. 265—267° (Found: C, 55-5; H, 3-7. 
C,H,ON,Cl requires C, 55-5; H, 3-6%). Light absorption in 0-1N-sodium wag aged Maxima, 2400 a., 
e = 27000; and 3450 a., e = 9100. 6-Chloro-3-hydroxy-2-methylquinoxaline is sparingly soluble in 
water; it is soluble in dilute sodium hydroxide and precipitated from this solution on acidification. 
A mixture with the compound, m. p. 265—268°, obtained by the action of hydrochloric acid 
on 3-ethoxy-2-methylquinoxaline l-oxide (Newbold and Spring, /oc. cit.) had the same m. p. 

7-Chloro-2-keto-1 : 3-dimethyl-1 : 2-dihydroquinoxaline.—(a) Treatment of 6-chloro-3-hydroxy-2- 
methylquinoxaline in alkaline solution with methyl sulphate gave the alkali-insoluble 7-chloro-2-keto- 
1: 3-dimethyl-1 : 2-dihydroquinoxaline which separated from ethanol as needles, m. p. 227—-229° (Found : 
C, 57-3; H, 4:5. CygH,ON,Cl requires C, 57-55; H, 4-3%). A mixture with the compound, described 
as 2-keto-1-methyl-3-chloromethyl-1 : 2-dihydroquinoxaline by Newbold and Spring (loc. cit.), had the 
same m. p. 

(b) A solution of the crude solid (m. p. 235—240°, with sintering at about 220°) (0-9 g.) obtained by 
the condensation of 4-chloro-o-phenylenediamine (0-72 g.) and pyruvic acid (0-75 g.) as described above, 
in N-sodium hydroxide (18 c.c.) was shaken at room temperature with methyl sulphate (3 c.c.). After 
30 minutes the separated solid was collected, washed with water, and dried (0-62 g.; m. p. 130—180°). 
A solution of the solid in warm benzene (100 c.c.) was filtered through a column (20 x 3 cm.) of alumina 
(Spence H). The column was washed with benzene (fractions 1—9) and finally with benzene—ethanol 
(2:1, fraction 10; 1:1, fraction 11) to give the following fractions : 


Fraction. Eluate (c.c.). Solute (mg.). M. p.* Fraction. Eluate (c.c.). Solute (mg.).  M. p.* 
a 7 200 221—223° 
nil coe 8 600 218—220 
— 9 500 170—205 
— 10 450 137—139 
30 223—226° 11 300 i _— 
50 222—224 


* After one crystallisation from ethanol. 


Fractions 5 and 6 were combined and recrystallised from ethanol to give 7-chloro-2-keto-1 : 3-dimethyl- 
Phe pry oe os ye as needles, m. p. 227—229°, not depressed when mixed with the specimen 
prepared as described under (a). 

6-Chloro-2-keto-1 : 3-demethyl-1 : 2-dihydroquinoxaline.—(a) 4-Chloro-2-nitro-N-methylaniline was 
obtained in 60% yield from 2: 5-dichloronitrobenzene and methylamine as described by Blanksma 
(Rec. Trav. chim., 1902, 21, 273) with the important modification that the reaction temperature was 
maintained at 143°. When the temperature used was that given by Blanksma (160°) an intractable 
tar was obtained. 4-Chloro-2-nitro-N-methylaniline separates from ethanol in small orange needles, 
m. p. 106° (Blanksma gives m. p. 108°). 4-Chloro-2-nitro-N-methylaniline (2-8 g.) was added in small 
portions to a solution of stannous chloride (14 g.) in hydrochloric acid (30 c.c.; d 1-19) at 90° and the 
mixture kept at this temperature for 15 minutes. The cooled mixture was poured into ice-co]d sodium 
hydroxide solution (60 c.c.; 30%) and extracted with ether (4 x 40 c.c.). e solvent was evaporated 
from the dried (Na,SO,) extract, the residual brown oil dissolved in dry ether (20 c.c.), and the solution 
treated with a stream of dry hydrogen chloride until the separation of hydrochloride was complete. The 
hydrochloride (1-7 g.) was collected and added to a solution of pyruvic acid (5 g.) in water (5 c.c.), and the 
mixture neutralised with ammonia, a pale yellow solid (0-5 g.) separating. Crystallisation of the solid 
from ethanol gave 6-chlovo-2-keto-1 : 3-dimethyl-1 : oO Ore as fine needles, m. p. 144—145° 
(Found: C, 58-0; H, 4-4. C,H,ON,Cl requires C, 57-55; H, 4-3%). 


Light absorption in ethanol. Max., A. e. 

2-Keto-1 : 3-dimethyl-1 : 2-dihydroquinoxaline (prepared as described by Cock 2290 21,200 
and Perry, J., 1943, 394) 2805 5,600 
3365 6,700 

7-Chloro-2-keto-1 : 3-dimethyl-1 : 2-dihydroquinoxaline 2320 24,800 
2810 6,200 

3350 6,600 

6-Chloro-2-keto-1 : 3-dimethy]-1 : 2-dihydroquinoxaline 2360 31,000 
2780 5,200 

3420 5,200 
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(6) Fraction 10 from the alumina column used in the preparation of 7-chloro-2-keto-1 : 3-dimethy]- 
1 : 2-dihydroquinoxaline, described above, was crystallised thrice from ethanol and gave 6-chloro-2- 
keto-1 : 3-dimethyl-1 : 2-dihydroquinoxaline as needles, m. p. 144—145°, undepressed when mixed with 
the specimen obtained by method (a). 


THE Royat TECHNICAL COLLEGE, GLAsSGow. [Received, May 19th, 1949.) 





544. The Application of the Hofmann Reaction to the Synthesis of Hetero- 
cyclic Compounds. Part VII. Synthesis of Pyridinopyrimidine 
Derivatives. 

By A. C. McLean and F. S. SprRInc. 


Treatment of quinolinamide with alkaline potassium hypobromite gives 2 : 6-dihydroxy- 
pyridino(2’ : 3’-4: 5)pyrimidine (VII) together with 2-aminonicotinic acid. Treatment of 
ethyl 5-cyano-2-methylisonicotinate with ammonia gives according to the reaction conditions 
either 6-methylcinch imide a-imine (XIV) or a compound C,H,O,N;, into which the imide 
(XIV) is converted on treatment with water. On reaction with alkaline sodium hypochlorite, 
these two compounds give 2 : 4-dihydroxy-6-methylcopazoline (XIII), the structure of which 
follows from its hydrolysis to 5-amino-2-methylisonicotinic acid. 





TREATMENT of cinchomeronamide (I) with two molecular proportions of potassium hypobromite 
in alkaline solution gives a mixture of 2 : 4-dihydroxycopazoline (II) and 3-aminoisonicotinic 
acid (III) (Blumenfeld, Monatsh., 1895, 16, 703; Gabriel and Colman, Ber., 1902, 35, 2831). 
The reaction is of interest in that it gives only 2: 4-dihydroxycopazoline and not 2: 6-di- 
hydroxypyridino(4’ : 3’-4 : 5)pyrimidine (IV). We now report the behaviour of quinolin- 
amide when treated with alkaline hypobromite. With one molecular proportion of the latter, 
the amide (V) gives a compound, C,H,O,N;, together with 2-aminonicotinic acid (VI). The 
compound, C,H,O,N;, is a weak acid precipitated by carbon dioxide from its solution in 


7 co-NH, 7» cO,H 


leo. . 
i. JCONH, i NH, 


(III.) 


sodium hydroxide; it is either 2 : 6-dihydroxypyridino-(2’ : 3’-4 : 5)- (VII) or -(3’ : 2’-4: 5)- 
pyrimidine (VIII). It has been characterised as the former by hydrolysis with alkal 
which yields 2-aminonicotinic acid (VI), and by hydrolysis with 100% sulphuric acid which 
yields 2-aminopyridine. Methylation of (VII) using alkali and methyl sulphate gives 
2 : 6-diketo-1 : 3-dimethyl-1 : 2 : 3 : 6-tetrahydropyridino(2’ : 3’-4: 5)pyrimidine (IX).  Treat- 
ment of 2 : 6-dihydroxypyridino(2’ : 3’-4 : 5)pyrimidine with phosphoryl chloride gives 2 : 6-di- 
chloropyridino(2’ : 3’-4 : 5)pyrimidine (X) which reacts with sodium methoxide to yield the 
corresponding 2 : 6-dimethoxy-derivative (XI). 

Reider and Elderfield (J. Org. Chem., 1942, 7, 286) have described the reaction between 
5-cyano-2-methylisonicotinamide (XII) and alkaline hypochlorite. They obtained a product 
which does not melt up to 310° and which they formulated without proof as 2 : 4-dihydroxy-6- 
methylcopazoline (XIII). This reaction has been reinvestigated. The preparation of 5-cyano- 
2-methylisonicotinamide has not been successfully repeated. Reider and Elderfield obtained 
this compound by the action of ice-cold aqueous ammonia upon ethyl 5-cyano-2-methyliso- 
nicotinate. In our hands the reaction gives a compound C,H,ON;,, which is not identical with 
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the isomeric 5-cyano-2-methylisonicotinamide described by Reider and Elderfield, and has been 
characterised as 6-methylcinchomeronimide «-imine (XIV) since on treatment with dilute mineral 
acid it gives 6-methylcinchomeronimide (XV). A similar type of reaction has been reported by 
Braun and Tcherniac (Ber., 1907, 40, 2709) who showed that treatment of o-cyanobenzamide 
with ammonia or alkali gives «-iminophthalide (XIX). Both o-cyanobenzamide and a-imino- 
phthalide on treatment with alkaline hypochlorite yield 2 : 4-dihydroxyquinazoline (XX). The 
formation of (XIV) from ethyl 5-cyano-2-methylisonicotinate probably proceeds by formation 
of 5-cyano-2-methylisonicotinamide (XII), followed by intramolecular cyclisation. 

The reaction of ethyl 5-cyano-2-methylisonicotinate with aqueous ammonia appears to be 
very sensitive to conditions. At room temperature it gives a mixture of (XIV) and a compound 
C,H,O,N,. The latter appears not to be a hydrate of 5-cyano-2-methylisonicotinamide (XIT) 
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since Reider and Elderfield have shown that the cyano-amide is readily converted into 
5-cyano-2-methylisonicotinic acid by treatment with dilute mineral acid. The compound 
C,H,O,N, is recovered unchanged after similar treatment. The compound is also obtained 
by heating the imide (XIV) with water, and conversely, when sublimed in a vacuum it is con- 
verted into (XIV), reactions which appear to suggest that it is a simple hydrate of (XIV). 
This simple relation is excluded since the compound C,H,O,N, is recovered unchanged after 
treatment with dilute mineral acid. The compound is not identical with the isomeric 6-methyl- 


cinchomeronamide (XVI), which was prepared by reaction of methyl 6-methylcinchomeronate with 
ammonia. When sublimed, (XVI) loses ammonia and gives 6-methylcinchomeronimide (XV). 

Treatment of either the compound C,H,O,N, or 6-methylcinchomeronimide a-imine (XIV) 
with alkaline sodium hypochlorite solution gives 2 : 4-dihydroxy-6-methylcopazoline (XIII). 
The structure of the last compound was established by hydrolysis with sodium hydroxide, 
whereupon 5-amino-2-methylisonicotinic acid (XVII) was obtained and characterised as its 
methyl ester and by decarboxylation to 5-amino-2-methylpyridine (XVIII). 


EXPERIMENTAL. 


2: 6-Dihydroxypyridino(2’ : 3’-4 : 5)pyrimidine (VIT).—Quinolinamide was pant by saturating 
a methanolic solution of methyl quinolinate with ammonia at 0°; it separates from aqueous ethanol as 
needles, m. p. 208—209° (decomp.) (Found: C, 50-9; H, 4-3. Calc. for C,H,O,N,: C, 50-9; H, 42%). 
Engler (Ber., 1894, 27, 1784) gave m. p. 209° (decomp.) for quinolinamide. Attempted recrystallisation 
of quinolinamide from hot water leads to considerable decomposition with evolution of ammonia. 

Quinolinamide (5 g.) was treated with alkaline potassium a solution (1 mol., 105 c.c. ; 
eve as described by Baxter and Spring, /., 1945, 229), and the mixture kept at 0° for 1 —y 

lution was complete in a few minutes ; ammonia was evolved. The solution was then heated to 80° 

for 1 hour, cooled, and treated with carbon dioxide. The precipitated solid (1-25 g.) was collected 
(filtrate A) ‘and washed successively with water, alcohol, and ether. It was purified by dissolution in hot 
glacial acetic acid, from which 2: 6-dihydroxyp ino(2’ : : 3’-4 : 5)pyrimidine separates as a flocculent 
powder, slightly soluble in hot water and pyridine but insoluble in the common organic solvents. The 
compound is soluble in aqueous sodium Sdesuide and insoluble in a solution of sodium hydrogen 
carbonate. For analysis it was sublimed at 170°/10-* mm. and obtained as a colourless powder, m. p. 
361° (decomp.) (Found: C, 51-0; H, 3-3; N, 25-8. C,H,O,N, requires C, 51-5; H, 3-1; N, 25-7%). 
Light absorption in 0-1N-sodium hydroxide : Max. at 3160 A., © = 5360. 

2-Aminonicotinic acid (V1).—(a) The filtrate A was acidified to approximately pH 5-0 by os addition 
of dilute hydrochloric acid, and the mixture kept overnight at 0°. The crystalline solid (0-8 
collected and recrystallised twice from water, from which 2-aminonicotinic acid separated as needles, 
o- 2 * ad (decomp.) (Found: C, 52-2; H, 4:5; N, 20-0. Calc. for CgH,O,N,: C, 52-2; H, 4:3; N, 

(6) 2: Cree: : 3’-4 : 5)pyrimidine (0-5 g.) was heated in a sealed tube with aqueous 
sodium hydroxide (5 c.c. %,) for 4hoursat 170°. Thecold reaction mixture was saturated with carbon 
dioxide and filtered. The o ution was acidified to eu approximately 5-0 with dilute hydrochloric acid, 
and the crystalline precipitate (260 mg.) collected and recrystallised from water to yield 2-aminonicotinic 
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acid as needles, m. p. 306—307° (decomp.) (Found: C, 52-3; H, 4-4; N, 20-0. Calc. for C,H,O,),: 
C, 52-2; H, 4:3; N, 20-3%). This is soluble in dilute mineral acids and in cold aqueous sodium hydrogen 
carbonate with effervescence, and is undepressed in m. p. when mixed with the specimen described above. 
Phillips (Ber., 1894, 27, 840) gives m. p. 310° (decomp.) for 2-aminonicotinic acid. The acid was 
characterised by conversion into its methyl ester by heating a methanolic solution under refiux in the 
presence of dry hydrogen chloride. Methyl 2-aminonicotinate separates as needles, m. p. 84—85° from 
water (Found: C, 55-5; H, 5-2; N, 18-6. Calc. for C,H,O,N,: C, 55-3; H, 5-3; N, 18-4%). Kirpal 
(Monatsh., 1900, 21, 962) describes the ester as needles (from aqueous alcohol), m. p. 85°. 

2-Aminopyridine.—(a) 2 : 6-Dihydroxypyridino(2’ : 3’-4 : 5)pyrimidine (0-5 g.) was heated at 259— 
280° with 100% sulphuric acid (5 c.c.) for 25 minutes. The cold mixture was poured on ice and made 
strongly alkaline by the addition of 30% sodium hydroxide solution, and the mixture extracted with ether, 
After drying, the extract was evaporated, and the oily residue dissolved in ethanol and treated with an 
ethanolic solution of picric acid. The solid separating was collected and recrystallised from ethanol to 
yield 2-aminopyridine picrate (95 mg.) as yellow needles, m. p. 216—217° undepressed when mixed with 
an authentic specimen (Found: N, 21-8. Calc. for C,,H,O,N,: N, 21-7%). 

(b) 2-Aminonicotinic acid [isolated from 2 : 6-dihydroxypyridino(2’ : 3’-4 : 5)pyrimidine] (0-25 g.) was 
mixed with copper bronze (1-75 g.) and distilled. The distillate crystallised in the receiver and was 
recrystallised from light petroleum (b. p. 40—60°), from which 2-aminopyridine separated as colourless 
plates (125 mg.), m. p. 56—57° either alone or when mixed with an authentic specimen. 

2 : 6-Diketo-1 : 3-dimethyl-1 : 2: 3 : 6-tetrahydropyridino(2’ : 3’-4: 5)pyrimidine (IX).—A solution of 
2 : 6-dihydroxypyridino(2’ : 3’-4 : 5)pyrimidine (0-5 g.) in 1-75N-sodium hydroxide (20 c.c.) was gradually 
treated with methyl sulphate (6 g.). The crystalline solid (0-3 g.) which separated was collected and 
recrystallised from ethanol, from which the 1 : 3-dimethyl derivative separates as needles, m. p. 164—165° 
(Found: C, 56-5; H, 4-6. C,H,O,N; requires C, 56-5; H, 4:7%). 

2 : 6-Dichloropyridino(2’ : 3’-4: 5)pyrimidine (X).—2: 6-Dihydroxypyridino(2’ : 3’-4 : 5)pyrimidine 
(1 g.) was heated under reflux for 5 hours with phosphoryl chloride (15 c.c.). The excess of phosphoryl 
chloride was removed under reduced pressure, the residue treated with water (20 c.c.), and the mixture 
extracted with chloroform. The extract was evaporated, and the brown solid residue sublimed at 
120°/5 mm. The colourless sublimate (0-43 g.) was crystallised from light petroleum (b. p. 100—120°), 
from which 2 : 6-dichloropyridino(2’ : 3’-4 : 5)pyrimidine separates as colourless needles, m. p. 156—157° 
(Found : C, 42-2; H, 1-8; N, 20-6; Cl, 35-3. C,H N,Cl, requires C, 42-0; H, 1-5; N, 21-0; Cl, 35-56%), 

2 : 6-Dimethoxypyridino(2’ : 3’-4: 5)pyrimidine (XI).—A solution of 2: 6-dichloropyridino(2’ ;: 3’- 
4 : 5)pyrimidine (0-26 g.) in methanol (10c.c.) was treated with a solution of sodium methoxide in methanol 
(from 0-065 g. of sodium and 15 c.c. of methanol), and the mixture heated under reflux for 5 hours. The 
solution was evaporated to dryness and the residue extracted with boiling benzene. The extract was 
reduced to small bulk and diluted with light petroleum (b. p. 60—80°), whereupon 2 : 6-dimethoxypyridino- 
(2’ : 3’-4 : 5)pyrimidine (0-16 g.) separated; it was recrystallised from water, from which it separates as 
N92-0%), p. 138—139° (Found: C, 56-5; H, 4:6; N, 21-4. C,H,O,N, requires C, 56-5; H, 4-7; 
N, 22-0%). 

Compound C,H,O,N,.—Ethyl 5-cyano-2-methylisonicotinate (10 g.) was shaken for 4 hours at room 
temperature with aqueous ammonia (d 0-88; 400 c.c.). The solution was concentrated under reduced 
pressure to 50 c.c., and a mass of long felted needles (7 g.) separated. These were collected and recrystal- 
lised from water, from which the compound C,H,O,N, separates as prisms, m. p. 261—262° (decomp.). 
For analysis a specimen was dried at 110°/10™* mm. (Found: C, 53-1; H, 5-6; N, 23-6. C,H,O,N, 
requires C, 53-6; H, 5-0; N, 23-5%). 

2 : 4-Dihydroxy-6-methylcopazoline (XIII).—A solution of the compound C,H,O,N, (2 g.) in aqueous 
potassium hydroxide (30 c.c.; 10%) was treated with a neutral solution of sodium hypochlorite (mM. ; 
12-4 c.c.) and kept at 80° for 30 minutes. The cold solution was acidified with acetic acid, and the 
voluminous yellow precipitate (1-2 g.) filtered off and washed successively with water, alcohol, and ether. 
Crystallisation from glacial acetic acid gave 2: 4-dihydroxy-6-methylcopazoline as small pale yellow 
needles which slowly decomposed above 300° but did not melt below 360° (Found : C, 54-4; H, 4:5; N, 
23-2. Calc. for C,H,O,N;: C, 54:2; H, 4-0; N, 23:7%). Itis be ag od soluble in boiling ethanol and 
boiling pyridine. It is soluble in dilute mineral acids and in sodium hydroxide solution but insoluble 
in sodium hydrogen carbonate solution. 

5-Amino-2-methylisonicotinic acid (XVII).—A _ solution of 2: 4-dihydroxy-6-methylcopazoline 
(875 mg.) in —— sodium hydroxide (5 c.c.; 15%) was heated in an autoclave at 155° for 2 hours, 
then cooled and saturated with carbon dioxide which did not precipitate any unchanged material. The 
solution was acidified (Congo-red) with dilute hydrochloric acid, and the solid (500 mg.) collected and 
crystallised from water, from which 5-amino-2-methylisonicotinic acid separates as long pale yellow 
needles (Found: C, 55:7; H, 5:7; N, 18-4. C,H,O,N, requires C, 55:3; H, 5:3; N, 18-4%). The 
colour was not removed by charcoal treatment. The amino-acid does not melt but commences to 
pa at about 290°. It is soluble in dilute mineral acids and in sodium hydrogen carbonate 
solution. 

Methyl ester. A stream of dry hydrogen chloride was passed through a refluxing solution of the acid 
(0-5 g.) in methanol (20 c.c.) for 3 hours. The methanol was removed under reduced pressure, and the 
residue neutralised with sodium hydrogen carbonate solution. The solid (0-42 g.) crystallised from water 
to yield methyl 5-amino-2-methylisonicotinate as pale yellow needles, m. p. 150—150-5° (Found : C, 57:8; 
H, 6-3; N, 16-6. C,H,O,N, requires C, 57-8; H, 6-0; N, 16-9%). . 

5-A mino-2-methylpyridine (XVIII).—An intimate mixture of 5-amino-2-methylisonicotinic acid 
(500 mg.) and copper-bronze (2-5 g.) was distilled. The distillate solidified in the receiver. After 
sublimation of the distillate at 80°/2 mm, followed be crystallisation from benzene-light petroleum 
(b. p. 60—80°), 5-amino-2-methylpyridine was obtained as plates, m. p. 95—96° (Found: C, 66-1; H, 
7-6; N, 25-7. Calc. for C,H,N,: C, 66-7; H, 7-4; N, 25-9%). The m. p. was not depressed when it 
was mixed with a specimen prepared as described by Graf (J. pr. Chem., 1932, 188, 19). 

The picrate separated from ethanol as plates, m. p. 206—207° (decomp.) (Found: C, 42-5; H, 3-2; 
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Calc. for Cy,H,,0;,N,: C, 42-7; H, 33%). A mixture with an authentic specimen, which had m. p. 
206—207° (decomp.), was undepressed in m. p. (Graf, Joc. cit., gives m. p. 201° for 5-amino-2-methyl- 


pyridine picrate). ue ae 

6-Methylcinch de a-Imine (XIV).—(a) Ethyl 5-cyano-2-methylisonicotinate (3 g.) was 
stirred at 0° with aqueous ammonia (d 0-88; 120 c.c.) for 3 hours. The ester slowly dissolved, and after 
1} hours a flocculent solid (2-1 g.) separated which gradually decomposed between 225° and 260°. It is 
soluble in hot water and it can be recrystallised from ethanol, pyridine, or dioxan without changing the 
decomposition behaviour on heating. After recrystallisation from dioxan 6-methylcinc imide 
a-imine separates in prisms (Found: C, 59-8; H, 4:1; N, 25-8. C,H,ON, requires C, 59-6; H, 4-3; 

26-1%). 

” (b) on 5-cyano-2-methylisonicotinate (9 g.) was shaken at room temperature with aqueous ammonia 
(4 0-88; 350 c.c.) for 3 hours. Ammonia was then removed by keeping the solution under reduced 
ressure for 1 hour at room temperature. A flocculent solid (3-0 g.) separated, and after recrystallisation 

m ethanol 6-methylcinchomeronimide a-imine was obtained as prisms which decomposed between 225° 
and 260° (Found: C, 59-8; H, 4-6; N, 25-8%). Evaporation of the filtrate from the imino-imide and 

isation of the solid residue from water gave the compound C,H,O,N, (see p. 2584) as prisms 
(2-9 g.), m. p. 260—261° (decomp.) (Found: C, 53-3; H, 4-6; N, 23-0%). 

A solution of 6-methylcinchomeronimide a-imine (0-4.g.) in water (15 c.c.) was heated under reflux for 
2hours. No separation of solid occurred on cooling this solution to room temperature. The solution 
was evaporated under reduced pressure to 5c.c. and cooled. The solid (0-38 g.) was collected and crystal- 
lised from water, from which the compound C,H,O,N, separated as prisms, m. p. 260—261° (decomp.), 
not depressed when mixed with the specimen described above (Found : C, 53-5; H, 5-2; N, 23-4%). 

Treatment of 6-methylcinchomeronimide a-imine with alkaline sodium hypochlorite as descri above 
gave 2: 4-dihydroxy-6-methylcopazoline, crystallising from glacial acetic acid as small pale yellow 
needles which decompose above 300° (60%) (Found: C, 53-9; H, 4-0%). This was characterised by 
alkaline hydrolysis, under the conditions previously described, to give 5-amino-2-methylisonicotinic acid 
(decomposing about 290°), characterised as its methyl ester, which separated from water as pale yellow 
needles, m. p. 149-5—-150-5° undepressed when mixed with the specimen described above. 

6-Methylcinchomeronimide (XV).—6-Methylcinchomeronimide a-imine (200 mg.) was dissloved at 
room temperature in 0-1Nn-hydrochloric acid (15 c.c.), and the mixture kept at 0° for 3 hours. The solid 
(100 mg.) was collected and recrystallised from water containing a little dioxan, from which 6-methyl- 
cinchomeronimide separated as minute prisms, m. p. 276—278° either alone or when mixed with an 
authentic specimen prepared as described below (Found: C, 59-1; H, 4:3; N, 17-2. C,H,O,N, requires 
C, 59-3; H, 3-7; N, 17-3%). 

6-Methylcinchomeronic <Acid.—Ethyl 5-cyano-2-methylisonicotinate (5-1 g.) was heated under 
reflux with aqueous sodium hydroxide (28 c.c.; 15%) until evolution of ammonia had ceased (3 hours). 
The solution was acidified (Congo-red) with 25% nitric acid, the mixture kept for 2 hours at 0°, and the 
crystalline solid (A) (3-2 g.) collected. The filtrate was neutralised with ammonia, and aqueous lead 
acetate added to the boiling solution. The lead salt was collected, suspended in hot water (20 c.c.), 
and decomposed with hydrogen sulphide. The mixture was filtered, the filtrate evaporated to dryness, 
and the crystalline residue (0-65 g.) combined with the solid (A) and recrystallised from water, from which 
6-methylcinchomeronic acid -_ ted as small needles which decompose at 249—251° without melting 
(Found: C, 52-5; H, 4-2; N, 7-8. C,H,O,N requires C, 53-0; H, 3-9; N, 7-7%). 

Methyl ester. Dry hydrogen chloride was passed into a refluxing solution of 6-methylcinchomeronic 
acid (3-85 g.) in dry methanol (55c.c.) for34 hours. The methanol was evaporated under reduced pressure, 
and the syrupy residue poured into an excess of aqueous sodium hydrogen carbonate. The voluminous 
mass (3-3 g.) of felted needles was collected and washed with water. Crystallisation from light petroleum 
(b. p. 40—60°) gave methyl 6-methylcinchomeronate as needles, m. p. 68—69° (Found: C, 57-4; H, 5-3; 
N, 6-5. CyH,,0O,N requires C, 57-4; H, 5:3; N, 6-7%). 

6-Methylcinchomeronamide (XVI1).—A solution of methyl 6-methylcinchomeronate (1-5 g.) in methanol 
(25 c.c.) was saturated with ammonia at 0° and kept at 0° for 3 days. The solid (1-0 g.) which separated 
was collected and crystallised from methanol, from which 6-methylcinchomeronamide separate as small 
needles (Found: C, 53-7; H, 5-0; N, 23-1. C,H,O,N; requires C, 53-6; H, 5-0; N, 235%). On rapid 
heating this melts with decomposition at 215—220°, resolidifies, and again melts at 273—278°; on slow 
heating gradual evolution of ammonia occurs and orly the higher m. p. is observed. 

Methylcinch imide (XV).—6-Methylcinchomeronamide (150 mg.) was heated at 220—225° until 
the evolution of ammonia had ceased {10 minutes). The product (100 mg.) was sublimed at 190°/5 mm. 
and was recrystallised from methanol, from which 6-methylcinchomeronimide separated as small needles, 
m. p. 277—278° (Found: C, 59-6; H, 40%). 
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545. Synthesis of Flavacol, a Metabolic Product of Aspergillus 
flavus. 


By Grorce Dunn, G. T. NEwsBoLp, and F. S. Sprine. 


Flavacol, obtained together with aspergillic acid from culture filtrates of Aspergillus flavus 
is shown by synthesis to be 3-hydroxy-2 : 5-diisobutylpyrazine (1). : 


CuLTuRE filtrates of the mould Aspergillus flavus grown on a medium containing a casein 
hydrolysate and sodium chloride give a crude acidic product separable into two components, 
one of which, aspergillic acid, is soluble in sodium hydrogen carbonate solution; the other, which 
we now name flavacol, C,,H ON,, is soluble in sodium hydroxide solution but insoluble in sodium 
hydrogen carbonate solution. Flavacol does not give a coloration with ferric chloride and in 
its general properties, particularly its ultra-violet absorption spectrum, it resembles the isomeric 
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deoxyaspergillic acid and 3-hydroxy-2 : 5-di-sec.-butylpyrazine. It is, however, not identical 
with either of these two compounds nor is it identical with racemic deoxyaspergillic acid (Dunn, 
Gallagher, Newbold, and Spring, this vol., p. S 126). 

Flavacol has now been identified by synthesis as 3-hydroxy-2 : 5-diisobutylpyrazine (I). The 
method selected for this synthesis was that developed by Baxter and Spring (J., 1947, 1179) 
in which a diketopiperazine is treated with phosphoryl chloride to yield a 2-chloropyrazine 
(together with a 2 : 5-dichloropyrazine), treatment of which with alkali, or better with sodium 
ethoxide followed by reaction of the 2-ethoxypyrazine with mineral acid, yields the required 
2-hydroxypyrazine. 

Treatment of pt-leucine anhydride (II) with phosphoryl] chloride gives a mixture of products 
from which 3-hydroxy-2 : 5-diisobutylpyrazine (I) was directly isolated. It is identical with 
flavacol. The direct dehydration of a diketo-piperazine to a hydroxy-pyrazine has now been 
observed in three different cases: reaction of pi-phenylglycine anhydride with phosphoryl 
chloride gives 3-hydroxy-2 : 5-diphenylpyrazine (Gallagher, Newbold, Spring, and Woods, this 
vol., p. 910), and similar treatment of p1-leucyl-p1-isoleucine anhydride yields an hydroxy-2- 
isobuty]-5-sec.-butylpyrazine (Gallagher, Newbold, and Spring, unpublished observation). 


Ay orf » H-Bu! 
ai NBs. Bu-H fe) (II.) 
° u 
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Treatment of pi-leucine anhydride with phosphoryl chloride gives, in addition to 3-hydroxy- 
2 : 5-diisobutylpyrazine, a mixture of chloropyrazine derivatives, probably 3-chloro-2: 5- 
diisobutylpyrazine and 3 : 6-dichloro-2 : 5-diisobutylpyrazine, which could not be separated 
directly. The presence of the monochloro-pyrazine was shown by reaction of the mixture with 
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sodium ethoxide followed by hydrolysis of the product with mineral acid, 3-hydroxy-2 : 5- 
diisobutylpyrazine being obtained. 
EXPERIMENTAL. 


pi-Leucine Anhydride.—pt-Leucine (30 g.) was heated under reflux with ethylene glycol (180 c.c.), 
and after 20 minutes solution was complete. Heating was continued for 70 minutes and the mixture 
then kept at 0° for 24 hours. The solid was separated off, washed with cold water (2 x 150 c.c.) and 
ethanol (2 x 150 c.c.) and dried (P,O,) (yield, 14-6 g.). . Crystallisation from ethanol gave pL-leucine 

ydride as yy _ ae aan sealed tube) (Found: C, 63-5; H, 9-7; N, 12-7. Calc. for 


was 
ions of cold ether 
Prield, ae ne omer as large 
needles N, 13-7. C,,H uires C, 69-2; Ng 
xy-2 : 5- 


It does not give a coloration with aqueous ferric 
Its ultra-violet absorption spectrum in ethanol 


@N,Cl requires 
; Cl, 27-2 
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water (15 c.c.) and neutralised (litmus) with 3N-sodium hydroxide. The solid which separated (250 mg.) 
was sublimed in a high vacuum and the sublimate crystallised from aqueous ethanol; 3-hydroxy-2 : 5- 
diisobutylpyrazine separated as needles, m. p. 147—149° undepressed when mixed with the specimen 
described above. 
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546. The Disproportionation of Dihydroisoquinolines. 
By C. I. Broprick and W. F. SHort. 


1-Phenyl-3 : 4-dihydroisoquinoline yields 1-phenylisoquinoline and 1-phenyl-l : 2: 3: 4- 
tetrahydroisoquinoline on distillation at atmospheric pressure and this has led to some 
confusion in the literature. 1-Benzyl-3 : 4-dihydroisoquinoline similarly affords 1-benzyliso- 
quinoline and isoquinoline. 


Durinc the course of synthetical experiments in the isoquinoline group the authors required 
a reference specimen of 1-phenyl-3 : 4-dihydroisoquinoline and observed curious discrepancies 
in the descriptions of the properties of this base and its derivatives. The compound has been 
prepared from benzo-2-phenylethylamide by various modifications of the original Bischler— 
Napieralski method (Bischler and Napieralski, Ber., 1893, 26, 1907; Pictet and Kay, ibid., 
1909, 42, 1975; Decker and Kropp, ibid., 1909, 42, 2075; Decker, Kropp, Hoyer, and Becker, 
Annalen, 1913, 395, 299; Spath, Berger, and Kuntara, Ber., 1930, 68, 134) and is generally 
described as an oil; however, Bischler and Napieralski (loc. cit.), who carried out the dehydration 
of the amide at a temperature (250—260°) higher than that used by subsequent investigators, 
teport a “ dark semi-solid product,” Pictet and Kay (loc. cit.), obtained a product, m. p. 
73—74° (but only after the oily base initially obtained had been distilled at atmospheric 
pressure), and Decker and Kropp (loc. cit.) stated that the product in one preparation crystallised 
after some time. On repeating the work of Pictet and Kay we obtained a liquid base, b. p. 
146—149°5°/1-2 mm., having the composition C,,H,,N, which, after distillation at atmospheric 
pressure, afforded a solid, m. p. 70—75°, which also gave analytical figures agreeing with this 
formula. The original liquid base did not solidify on being seeded with the solid, indicating that 
the distillation had produced some transformation, most probably a disproportionation. 
Confirmation of the view that the solid consists of an equimolecular mixture of 1-phenyliso- 
quinoline, m. p. 94—96°, and 1-phenyl-1 : 2: 3: 4-tetrahydroisoquinol#f m. p. 97°5—98°5°, 
was obtained by a Zerewitinoff determination, which indicated the presence of only 0°5 atom 
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of active hydrogen, and by the isolation of ca. 20% of each of these bases from the solid by 
chromatographic separation on alumina. 2-Acetyl-1-phenyl-1 : 2 : 3 : 4-tetrahydroisoquinoling 
(42%) and 1-phenylisoquinoline (49%) were isolated from the mixture obtained by the action 
of acetic anhydride on the solid. 1-Phenylisoquinolinium picrate, m. p. and mixed m, p. 
167—167°5°, was obtained from the solid and alcoholic picric acid, and is most probably the 
compound described by Pictet and Kay (loc. cit.) as the picrate of 1-phenyl-3 : 4-dihydroiso. 
quinoline. The sparingly soluble hydrochloride isolated by these authors was likewise probably 
1-phenyl-1 : 2: 3: 4-tetrahydroisoquinolinium chloride, since we obtained this salt from our solid 
mixture and ethereal hydrogen chloride, and the hydrochloride of the dihydro-base is readily 
soluble in cold water. Dr. W. F. Elvidge and Mr. L. Brealey kindly examined the absorption 
spectra of 1-phenyl-3 : 4-dihydroisoquinoline, 1-phenyl-1 : 2 : 3 : 4-tetrahydroisoquinoline, 
1-phenylisoquinoline, and of the solid, m. p. 70—75°, and the results (see Table) are in complete 
agreement with the chemical evidence. 


Lighi-absorption data. 
In 0-1N-hydrochloric acid. In alcohol. 








Maxima. Minima. Maxima. Minima. 
Substance. mu. Ei% mp  F%, my. By = ome. EX% 
1-Phenyl-3 : 4-dihydroisoquin- ; 
IN scchindhictdsbcdestacmvetecssives.” SO 950 243 98 247 588 237 493 
Product A, m. p. 70—75° 232 1275 249—250 273—277 215 260—263 190 
270 297 = — oo _ 
1-Phenylisoquinoline 230 2170 251 278 374 260 313 
270 497 300 323—327 303 300 
342 428 —_— _ 


1-Phenyl-1 : 2: 3: 4-tetra- 
hydroisoquinoline ............ General absorption only 
1-Benzyl-3 : 4-dihydroisoquin- 
CEE sctsiermctcntavisnebecncs: “BAO 502 240 
Product E, b. p. 145—148°/ 
0-7 mm. (see Experimental) 228 1116 255 
271—274 251 304 284 280 
310 94 315 296 294 
326—328 129 — 309 300 
— —_ 322 316 
1-Benzylisoquinoline 228 2160 253 271 249 
267 156 295 310 294 
333 258 — 321 315 


The remarkably ready disproportionation of 1-phenyl-3 : 4-dihydroisoquinoline caused by 
heat is doubtless exhibited by other dihydro-bases and we have made a cursory examination of 
the behaviour of 1-benzyl-3 : 4-dihydroisoquinoline. On distillation at atmospheric pressure, 
this compound affords isoquinoline and a mixture of bases, containing 0°33 atom of active 
hydrogen, in which 1-benzylisoquinoline was definitely identified. The absorption spectrum 
(see Table) indicated the presence of 1-benzylisoquinoline and possibly of unchanged base. 
After the completion of our experiments, Huntress and Shaw (J. Org. Chem., 1948, 18, 679) 
observed that 1-benzyl-3 : 4-dihydroisoquinoline is completely decomposed into toluene and 
isoquinoline by potassium hydroxide at 200°. 


EXPERIMENTAL. 


1-Phenyl-3 : 4-dihydroisoquinoline.—Benzo-2-phenylethylamide (54 g.) was cyclised according to 
Pictet and Kay (loc. cit.) to give 1-phenyl-3 : 4-dihydroisoquinoline, b. p. 146—149-5°/1-2 mm. (32:8 g., 
66%) as an almost colourless oil (Found: C, 86-4; H, 6-2; N, 6-65. Calc. for C,,H,,N: C, 86-95; 
H, 6-3; N, 68%). The picrate consisted of yellow prismatic needles (from ethanol), m. P- 174—175°. 
The hydrochloride formed colourless needles (from methanol-ether), m. p. 236—238° (Found, on 
material dried at 100°/1 mm.: C, 73-4; H, 58; N, 5-9. Calc. for C,,H,,NCl: C, 73-9; H, 5:75; 
N, 5-75%), and was readily soluble in cold water. (Pictet and Kay, loc. cit., record m. p. 222—223°, 
and Decker, Kropp, Hoyer, and Becker, Joc. cit., m. p. 225°.) 

When the foregoing base (21-8 g.) was distilled at atmospheric pressure (b. p. 340—345°) (21-0 g.), 
it crystallised readily. Redistillation (b. p. 148—155°/1-2—1-4 mm.) (19-7 g.) and crystallisation 
from light petroleum (b. p. 40—60°) gave colourless prisms, m. p. 70—75° (14-1 g.) (product A) (Found: 
C, 87-0; H, 6-2; N, 7:1%; active H, 0-47 atom. Calc. for C,,H,,N,C,;H,,N: C, 86-95; H, 63; 
N, 68%; active H, 0-5 atom). A second crop (3-3 g.) had m. p. 73—77°. 

Reactions of Product A.—(a) With alcoholic or ethereal picric acid yellow needles, m. p. 167—167:5°, 
were obtained, undepressed on admixture with an entunntic specimen of 1-phenylisoquinolinium 
picrate [m. p.s varying from 164° (Pictet and Kay, Joc. cit.) to 165—166° (Spath ef al., loc. cit.) are 
given in the literature] prepared from 1-phenylisoquinoline, obtained from the dihydro-base by 
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dehydrogenation with ov (Spath et al., loc. cit.) or by oxidation with potassium permanganate 
ictet and Kay, loc. cit.). 

ae The ohne of dry ethereal hydrogen chloride, followed by repeated ee of the product 

from methanol-ether, gave slender, colourless needles, m. p. 227—229° (Found: C, 73-2; , 65; 

N, 5-7. CysH,sNCl requires C, 73-3; H, 6-5; N, 57%), wi did not depress the m. p. of an authentic 
ecimen of iphenyl-1 22:3: yn ge ay chloride, prepared from the base, m. p. 

97-5 —98-5° (Leithe, Monatsh., 1929, 58, 956 gives m. p. 97°). 

(c) When A (5 g.) was dissolved in chloroform (7 c.c.), and light petroleum (125 c.c.) was added, 
1-03 g. of 1-phenyl-1 : 2 : 3 : 4-tetrahydroisoquinoline, m. p. 96—98° alone or admixed with an authentic 

imen, separated. Concentration of the mother-liquor gave crops of m. p. around 70°. 

(d) Adsorption of A (1 g.) in light petroleum (150 c.c.) on activated alumina and elution with the same 
solvent gave first almost pure 1-phenylisoquinoline (0-28 g.), then a small amount of impure material, and 
finally, when eluted with 50% (v/v) chloroform—light petroleum, almost pure tetrahydro-base (0-2 g.). 

(e) Acetic anydride (37-5 c.c.) and A (5 g.) were heated for 3 hours at 100°. Volatile material was 
removed under diminished pressure, and the residue separated into basic and neutral fractions with 
ether and hydrochloric acid. The basic fraction (2-46 g.), on recrystallisation from light petroleum, 

ave 1-phenylisoquinoline, m. p. 95—96°, and the neutral fraction (2-5 g.), m. p. 89-5—91°, separated 
m light petroleum in colourless needles or from aqueous acetone in dense prisms of 2-acetyl-1-phenyl- 
1:2:3: 4-tetrahydroisoqguinoline, m. p. 91-5—92-5° (Found: C, 81-5; H, 7-0; N, 5-7. wHyy 
requires C, 81-3; H, 6-8; N, 5-6%). There was no depression in m. p. on admixture with a specimen 
prepared from 1-phenyl-l : 2:3: 4-tetrahydroisoquinoline. 

1-Benzyl-3 : 4-dihydroisoquinoline.—Phenylaceto-2-phenylethylamide (42 g.) was cyclised according 
to Pictet and Kay (loc. cit.) to give the base (20-1 g.), b. p. 158—161°/1-2 mm., n}?} 16201. The picrate 
had m. p. 178—179-5° [m. p.s varying from 173—175° (Spath, et al., loc. cit.) to 182° (Decker et al., 
loc. cit.) are given in the literature], and the hydrochloride (from methanol-ether) m. p. 227—229° 
(Found: C, 72-0; H, 6-5; N, 5-5°; loss at 30°/1 mm., 3-3. C,,H,,NCI,4H,O requires C, 72-1; H, 
6-75; N, 5:25; H,O, 3-4%). 

When the base (16-4 g.) was distilled at atmospheric re some ee occurred but the 
main fraction had b. p. 315—340°. The distillate (aoa! was redistilled giving three fractions, 
(B) b. p. 70—80°/1 mm. eg g.), (C) b. p. ca. 120—150°/1 mm. (1-8 g.), and (D) b. P: 
148—155°/0-8—1 mm. (8-55 g.). On redistillation, (B) gave isoquinoline, b. p. 65—68°/1 mm. (Found : 
N, 10-7. Calc. for C,H,N: N, 10-85%), identified by comparison of the picrate, m. p. 227—229° 
(Found: C, 50-4; H, 3-3; N, 15-7. Calc. for CysH,,O,N,: C, 50-3; H, 2-8; N, 15-6%), with an 
authentic specimen. Fraction (D), redistilled, had b. p. 145—148°/0-7 mm., m3?! 1-6252 [product E] 
(Found: C, 86-1; H, 6-4; N, 65%; active H, 0-33 atom). 

Reactions of Product E.—(a) With picric acid a mixture of picrates was obtained which on repeated 
crystallisation from alcohol and from acetone gave a small amount of yellow prisms, m. p. 180—182° 
(Found: N, 12-3. Calc. for C,sH,,0,N,: N, 12-5%), identical (mixed m. p.) with 1-benzyliso- 
quinolinium picrate, m. p. 182—183-5°, obtained from the base, m. p. 55°, prepared according to 
von Braun and Nelles (Ber., 1937, 70, 1767; for other references see Huntress and Shaw, Joc. cit., who 
give the m. p. of the picrate as 179—181°). 

(b) The action of ethereal hydrogen chloride and repeated crystallisation from methanol—ether gave 
colourless needles, m. p. around 100°, containing solvent (Found: loss at 55°/1 mm.: 12-6. Calc. for 
C,.H,,NC1,2H,O: H,O, 12-3%). The dried product had m. p. 188—190° (Found: C, 74:8; H, 5-9; 
N, 5-8. Calc. for CisH, NCI : C, 75-1; H, 5-8; N, 5-5%), and was identified as 1-benzylisoquinolinium 
chloride by mixed m. p. with an authentic specimen prepared from the pure base (Forsyth, Kelly, and 
ea J 1925, 127, 1662, record m. p. 185—187° for the anhydrous salt and below 100° for the 
dihydrate). 

(c) Reaction with acetic anhydride as for the phenyl homologue gave a: basic fraction which formed 
a hydrochloride sparingly soluble in water, identical with 1l-benzylisoquinolinium chloride. The 
neutral fraction was a gum which could not be crystallised. 


The authors are indebted to Mr. R. J. Kemp for experimental assistance and to Miss M. Birchmore 
and Miss F. Skidmore for the semi-microanalyses. 


RESEARCH LABORATORIES, MEssrs. Boots Pure Druc Co. Ltp., 
NOTTINGHAM, (Received, May 21st, 1949.] 





547. Aryl-2-halogenoalkylamines. Part III. The Reactions of NN-Di- 
2-chloroethyl-p-anisidine and -Naphthyldi-2-chloroethylamine in 
Aqueous-acetone Salt Solutions. 

By W. C. J. Ross. 
The reactions of NN-di-2-chloroethyl-p-anisidine and f-naphthyl-di-2-chloroethylamine in 
aqueous acetone solutions of various salts have been studied. These arylhalogenoalkylamines 


react under mild conditions with anions of organic and inorganic acids to form esters; the 
characterisation of a number of these esters is described. 


Many of the aryldi-2-halogenoalkylamines described in Parts I and II (this vol., pp. 183, 1972) 
show a considerable cytotoxic activity as judged against the growth of various animal tumours 
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(Haddow, Kon, and Ross, Nature, 1948, 162, 824), and more recently tumour induction has 
been achieved with these “ aromatic nitrogen mustards ” (Haddow, Horning, and Koller, in 
the press). The reactions of these compounds under mild conditions approximating to those 
found in biological systems are therefore being studied. In this paper it is shown that 
2-halogenoalkylamines react in aqueous-acetone solutions of a number of salts with the formation 
of stable esters. 

In Part II it was suggested that the reaction of the halides in the presence of anions could 
be represented : 


he 
heey —> ROH + Ht 
+A" —> RA 
J 


== 
(where RX is the halide and A~ the anion). 
From this scheme, which is recognised as a simplification of the actual process, it can be deduced 
that : 
Rate of formationof ROH  &{R*t}[H,O] ‘#2 
Rate of formation of RA ~ &{R*A-] sa—*m °° ° °° 
(where +, and *,, are the percentage liberation of hydrogen and chloride ions, respectively, 
in the presence of an anion under standard conditions). 
Ogston (Trans. Faraday Soc., 1948, 44, 45) in his study of mustard gas has defined the 
competition factor (F) as k,/ mig a? and from equation (1) 
= (%a ~~ *u) /#m[A7] . ne “Sree ie & of Ne, 
In the present experiments the bade 8 factor has been calculated by using expression 
(2). Ogston used a somewhat different method: he had shown that 


Rate of liberation of hydrogen ion in the presence of an anion 
Rate of liberation of hydrogen ion in the absence of an anion 











= Ya/*a = 1/(L + FIA-]). - (3) 


and hence: 
F=(yg—-n)/mn{A-]. . . . . Et i ae 


(where yyg—which in the case of the arylhalogenoalkylamines has been shown to equal y,—is the 
percentage liberation of hydrogen ions in standard time when no anion is present). The two 
expressions (2) and (4) become identical if y, (and therefore yg) = %q. 

Since the hydrolysis of these halides proceeds by an Sxl mechanism the rate-determining 
step is the preliminary, ionisation of the halide. If the salt concentration is not sufficiently high 
to affect the rate of ionisation of the halide, then yg, should be identical with %,, since the pro- 
duction of chloride ions depends on the rate of ionisation and is independent of the fate of the 
carbonium ion. Another factor must, however, be taken into account, namely the back 
reaction whereby the halide is re-formed, for y,, measures, not the rate of ionisation of the halide, 
but this rate less the rate of re-formation of the halide by the bimolecular back reaction. In 
the presence of an added anion the carbonium ion is no longer distributed between water and the 
chloride ion alone since a proportion will now react with the anion. The effect will be to reduce 
the extent of the back reaction because the ester (RA) which is formed will not re-ionise. 
Clearly the higher the competition from the anion the less chance there will be of re-forming the 
halide. 4%, will therefore exceed yo, by an amount depending on the proportion of ester formed 
—this effect has been observed (see below). In Ogston’s experiments with mustard gas the 
discrepancy between %o, and y,, would not have been so large as in the present case because of 
the lower competition factor of the chloride ion under the conditions of his hydrolyses. He 
found Fy = 21, whereas we find F,, = approximately 250 under our conditions: this will 
mean that in the experiments with mustard gas the back reaction was relatively less important 
and no serious error was introduced by equating %,, to yg, and hence to yy. 

If an Syl mechanism is operating there will be a limiting value for %., for the rate of 
production of chloride ions can never exceed the rate of ionisation of the halide (see below). 

It was realised that before an extended series of competition factors could be determined the 
effect of variations in the pH of the solution on the rate of ionisation of the halides would have 
to be studied. In view of the difficulty of determining the pH of acetone—water mixtures the 
problem was tackled by adding varying amounts of acid to the solutions in which the halide was 
hydrolysing. Table I shows the effect of adding nitric, sulphuric, hydrochloric, and acetic 
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TaBe I.* 


Reaction of B-naphthyldi-2-chloroethylamine in 1 : 1 acetone—water solutions of acids and 
salts. Concn. of amine, 0°0066mM. Temp., 37°. Time, 24 hours. 
% ester 
Added reagent. . . formed. 
0-01N-HNO, . . —_ 
0-02N-H,SO, 3 3 — 
0-02N-H,SO, + 0-02N-Na,SO, . . 7 
0-02N-Na,SO, . x 14 
0-01n-AcOH “ 2 pie 
0-01N-AcOH + 0-01N-NaOAc . . 12-7 
0-01n-NaOAc “ : 12-7 
0-01N-HC1 . . (12-5) 
. (14-0) 


* In all the tables these figures are based on the replacement of both chlorine atoms. 


acids on the rate of hydrolysis of 8-naphthyldi-2-chloroethylamine. It will be seen that, except 
in the case of hydrochloric acid, the effect of the added acid is not very appreciable and, if the 
experiments in which the competition factor is determined are designed so that the concentration 
of free acid never exceeds 0°01N., then the effect of the acidity which is developed during the 
hydrolysis can be neglected. In the standard experiment for determining the factor the acidity 
never exceeds 0°005N. and is usually much less. The abnormal effect of hydrochloric acid is 
due to the addition of chloride ions and not to the acidity, since the same concentration of 
sodium chloride has a similar effect on the rate. 


Taste II. 


Reaction of 8-naphthyldi-2-chloroethylamine in 1: 1 acetone—water solutions of sodium 
acetate. Concn. of amine: 0°0066mM. Temp., 37°. Time, 24 hours. 


Sodium Sodium 


acetate 


concn. H, %. 


Cl, %. 


F x0. 


acetate 
concn. 


Frc. 


0-2N. 2:5 26-0 47 0-01N. 0° . ‘ 116 


0-1N. 3-25 25-8 . 69 0-005N. . . 121 
0-05N, 4:75 25-0 . 85 0-0025N. . } . 120 
0-02N. 8-0 24-5 A 103 


Table II shows the effect of varying concentration on the competition factor of the acetate 
ion; the factor is not as constant as that found by Ogston (loc. cit.) in his studies on mustard gas 
in almost completely aqueous solutions. At higher concentrations the salt will be less 
completely ionised, and this will lower the anion concentration and hence the competition 
factor. 

In view of this variation at higher concentrations it was decided to estimate the competition 
factors of a range of anions at a concentration of 0°02N., that is, a concentration of 0°02m. for the 
sodium salts of monobasic acids and of 0°01m. for the salts of dibasic acids. The reactions were 
carried out at 37° in aqueous acetone (50% by volume) since it was desired to demonstrate that 
the halogenoalkylamines could form esters under mild conditions. It has not yet been possible 
to study the reactions in completely aqueous solutions because of the very low solubility of the 
compounds in water. The total amount of halide reacting in these experiments does not exceed 
26%, and thus the extent of reaction is similar to that in Ogston’s studies. 

Table III shows the results obtained. The total amount of halide reacting is calculated from 
the chloride ion titre (%,) and the amount of ester formed from the difference between the 
chloride and hydrogen ion titres (x, — #q). The expected increase in ¥,, as more ester is formed 
is shown in Tables II and III. The expression 


¥a = Ya + 0°18 (%q — *u) 


CT ee a ae a 


gives reasonable agreement with observed values (see Table II). This expression has been used 
to calculate the amount of halide reacting in those cases where the chloride ion titration cannot 
be performed owing to the interference of the anion (e.g., for tartrate, succinate, oxalate, etc.) ; 
figures obtained in this way are shown in parentheses in Table III. If the anion has a very high 
competition factor, then +, will approach 0 and %,, will approach y.,/0°82 = 21°5/0°82 = 26°2%; 


or 
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TABLE III. 


Reaction of 8-naphthyldi-2-chloroethylamine in 1: 1 acetone—water solutions of various sodium 
salts. Concn. of amine: 0°0066m. Concn. of salt: 0°02N. Temp., 37°. Time, 24 hours. 


Ester formed (H—Cl), % x 100. 


3 


Cl, %. (H—Cl), %. Cl, %. F 
Thiosulphate P : 25-25 9 
Iodide . . 24-2 
° 21-0 
20-0 


6 


or 


Phenylacetate 
Adipate 
Succinate 


uo 


ror or 
Cr ror or 


or 
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9 ms OSS PODIIIAISSRSSSAAS 
WOAAARASSCAWSSAAAARA AAS 
over 
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this means that 262% of the halide is ionised under the standard conditions. In confirmation 
of this is the fact that, when thiosulphate is present, almost all the carbonium ions react with 
this anion—because of its high competition factor—and the thiosulphate consumed indicates 
that 26°5% of the carbontum ions are actually formed in the 24-hour period. 

No great accuracy is claimed for the values of the competition factors, particularly those of 
thiosulphate and iodide, the purpose of this work being first to show that aryldi-2-halogeno- 
alkylamines will react in solutions containing ions to form esters, and secondly to demonstrate 
that there is a difference in the reactivity of various anions. An alternative method of expressing 
the reactivity of an anion is given in Table III in the column which shows the percentage of 
halide which reacts with the anion; ¢.g., in a 0°02N-solution of sodium acetate, 67% of the 
reacting §-naphthyldi-2-chloroethylamine forms the diacetate. The value of the competition 
factor for the chloride ion has been calculated in the same manner as for any other anion using 
the expression (5) to give 7; this treatment makes the value somewhat hypothetical since in 
reality %., = %q. The general order of the competition factors of the various anions is the same 
as that found for the same anions in their reactions with mustard gas (Ogston, loc. cit.; Linstead 
and Doering, O.S.R.D. Report No. 1094, Dec. 9th). 

The formation of esters under the conditions of the determination of the competition factor 
has been verified by the isolation and characterisation of a number of the derivatives. The 
diformate, diacetate, di(chloroacetate), di(phenylacetate), dibenzoate, and dimandelate of NN-di- 
2-hydroxyethyl-2-p-anisidine, and the diacetate and dibenzoate of 8-naphthyldi-2-hydroxyethyl- 
amine have been obtained. - 

It was stated in Part I that iodoethylamines could not be obtained in reasonable yield from 
the corresponding chloroethylamines by the action of sodium iodide in acetone solution because 
of the slow rate of the bimolecular reaction. It is, however, quite feasible to prepare these 
compounds by allowing the chloroethylamine to react with an aqueous acetone solution of 
sodium iodide. The iodide ion has a high competition factor for the carbonium ion derived 
from the chloroethylamine with the result that most of the chloro-compound is eventually 
converted into the iodoethylamine at a rate dependent on the rate of ionisation of the chloride. 
NN-Di-2-iodoethyl-p-anisidine and {-naphthyldi-2-iodoethylamine have been prepared by 
this method. When sodium iodide is added to a saturated solution of NN-di-2-chloroethyl-f- 
anisidine in 50% acetone at 37°, N-2-chloroethyl-N-2-iodoethyl-p-anisidine separates as an oil 
after several hours; its formation involves the preliminary ionisation of one chlorine atom, 
followed by the combination of the carbonium ion thus formed with the highly competing 
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jodide ion. The chloroiodo-compound being less soluble than the original dichloride separates 
from the solution, and no further action is possible. The formation of fluoroethylamines by this 
method is unfortunately not possible because of the low competition factor of the fluoride ion. 

The figures in Table I indicate that there is no appreciable production of esters when 6- 
naphthyldi-2-chloroethylamine reacts in solutions containing 0-02N-sulphuric or 0-01N-acetic 
acid, whereas in the presence of 0°01N-hydrochloric acid almost as much ester is formed as in 
the presence of 0°01N-sodium chloride. The reason for the non-formation of esters is suggested 
by experiments in which both acid and salt are added to the solution. When sodium acetate 
and acetic acid are both added, the amount of ester formed is practically identical with that 
when sodium acetate alone is present, but when sodium sulphate and sulphuric acid are both 
added there is less ester formed than in the presence of sodium sulphate alone. Acetic acid, 
being a weak acid, will be but slightly ionised in 50% acetone and the non-formation of ester in 
this case will be due to the absence of anions—the carbonium ion will not react with an 
undissociated carboxyl group. In the case of sulphuric acid it is clear that there is reduced 
ester formation even when the concentration of sulphate ions is appreciable. It is probable 
that the rate of hydrolysis of the alkyl sulphate formed is increased in the presence of free acid 
and that this will account for the reduced ester formation. Alkyl chlorides are known to be 
more resistant to hydrolysis than alkyl sulphates, thus accounting for the considerable 
proportion of ester formed in the presence of hydrochloric acid. 

In the method for determining competition factors it is assumed that, during the period of 
the experiment, the reaction of the halide follows a unimolecular course. Since there are two 
chlorine atoms being successively replaced the overall reaction will only follow a unimolecular 
course if both atoms are replaced at a comparable rate. In order to obtain information 
concerning the relative rates of reaction of the two chlorine atoms a fuller study of the hydrolyses 
of NN-di-2-chloroethyl-p-anisidine and $-naphthyldi-2-chloroethylamine was made. Table 
IV shows that the rate constants based on a unimolecular reaction become progressively smaller. 
This in itself cannot be taken to indicate that the chlorine atom in the chlorohydroxy-compound 
is ionised at a slower rate than the chlorine atom in the dichloro-compound because of the 
increasing importance of the bimolecular back reaction whereby the halide is re-formed from the 
carbonium ion and the chloride ion. 

It was thought that if the hydrolyses were carried out in the presence of silver nitrate the 
effect of this back reaction could be eliminated as the chloride ion would be removed as fast as 
it was formed. The nitrate ion has a low competition factor and thus would not seriously affect 
the course of the reaction. Actually the rate of the reaction of the halide in the presence of 
silver nitrate was considerably faster than would have been expected simply by the suppression 
of the back reaction. The reaction of the halide in solutions containing silver nitrate is more 
complex than in the presence of sodium salts; ¢.g., whereas it can be seen from Table II that 
when the concentration of sodium acetate is increased the extent of the reaction of the halide 
approaches but does not exceed 26% in 24 hours, when the concentration of silver nitrate is 
increased the reaction of the halide increases in proportion to this concentration (Table V). The 
results indicate a bimolecular reaction between the silver nitrate or the silver cation and the 
halogenoethylamine superimposed upon the normal hydrolysis. The small differences in the 
percentages of hydrogen and chloride ions liberated at higher silver nitrate concentrations 
(Table V) are, of course, due to the small amount of competition from the nitrate ion. 


TaABLe IV. 


Hydrolysis of (A) NN-di-2-chloroethyl-p-anisidine and (B) $-naphthyl-di-2-chloroethylamine 
in 1: 1 acetone—water. Concn. of amine, 0°0066mM. Temp., 37°. 
A. 


Cl, %.. k, hr. k, hr. 
0-124 — 
0-100 _ 
0-074 0-0109 
0-0096 
0-0093 
0-0086 
0-0078 
0-0079 
The values of k are calculated from the chloride values because there is a small increase in acidity, 
particularly in series (B), which seems to be associated with the darkening of the solution ; it is probably 
connected with the light-catalysed decomposition of the amines (compare Part I) 
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TABLE V. 
Reaction of B-naphthyldi-2-chloroethylamine in 1: 1 acetone—water in the presence of silver 
nitrate. Concn. of amine, 0°0066mM. Time, 24 hours. Temp., 37°. 


0-0083N. 0-0133N. 0-02N. 0-0266n, 
44:8 58-3 67-5 87-8 
45-0 58-3 70-0 90-5 


TaBLe VI. 


Hydrolysis of B-naphthyldi-2-chloroethylamine in 1: 1 acetone—water containing sodium 
hydroxide. Concn. of amine, 0°0066mM. Temp., 37°. Time, 24 hours. 
Concn. of NaOH, N. ...... 0 0-005N. 0-01N. 0-02N. 0-03N. 0-04n. 
25-5 32-2 36-0 40-0 43-0 


TaBLeE VII. 


Hydrolysis of B-naphthyldi-2-chloroethylamine in 1:1 acetone—water containing (a) 0°04N-sodium 
hydroxide and (b) 0°04N-sodium hydroxide plus 0°02N-sodium chloride. Concn. of amine, 
0°0066m. Temp., 37°. 








Time, hrs. 


TaBLe VIII. 


Reaction of (A) NN-di-2-chloroethyl-p-anisidine and (B) B-naphthyldi-2-chloroethylamine in 1:1 
acetone—water in the presence of 0°02N-sodium benzoate. Concn. of amine, 0°0066m., 
Temp., 37°. 

(B). 
Time, hrs. H, %. ; k, bro. H, %. Cl, %. k, hr. 


0-176 
0-157 








0-0120 
0-0125 
0-0125 
0-0113 
0-0104 
0-0102 


Another method by which the effect of the back reaction could be eliminated, suggested by 
Bartlett, Davis, Ross, and Swain (J. Amer. Chem. Soc., 1947, 69, 2977), involves carrying out the 
hydrolysis in the presence of an excess of hydroxyl ions which have a much higher competition 
factor for the carbonium ion than have chloride ions. Table VI shows the effect of adding 
varying amounts of sodium hydroxide to solutions in which $-naphthyldi-2-chloroethylamine 
is being hydrolysed. As in the case of silver nitrate the amount of halide reacting increases in 
proportion to the concentration of sodium hydroxide, suggesting some direct reaction between 
the hydroxyl ions and the halide since the rate of elimination of chloride ions exceeds the 
postulated rate of ionisation of the halide. Table VII shows the course of the complete hydroly- 
sis of the 8-naphthyl! derivative in the presence of 0°04N-sodium hydroxide alone and with the 
addition of sodium chloride—the relatively small effect of increasing the chloride ion concentra- 
tion to 0°02N. confirms the high competition factor of the hydroxyl ion. When 50% acetone 
solutions containing sodium hydroxide are kept at 37° there is a small consumption of alkali 
and, for this reason, only the amount of chloride ion liberated can be measured with accuracy. 
It is obviously impossible to use either of these suggested methods for the elimination of the 
back reaction with chloride ions. 

The course of the reaction of NN-di-2-chloroethy]-p-anisidine and §-naphthyl-di-2-chloro- 
ethylamine in the presence of benzoate ions is shown in Table VIII. As has already been 
indicated the back reaction with chloride ions is reduced in the presence of competing anions. 
This can readily be observed by comparing the figures in Tables IV and VIII. It is also of 
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interest to note that the unimolecular rate constant for the disappearance of halide—based on 
the chloride-ion values—does not fall so much in the presence of benzoate ions; this is also due 
to the suppression of the back reaction. The unimolecular rate constant for the initial stage 
of the reaction of 8-naphthyldi-2-chloroethylamine based on the rate of production of the 
carbonium ion (p. 2592) is 0-0127 hr.+. , 

It is not possible to deduce the rate constant for the reaction of the chloride atom in the 
chlorohydrin (I) from any of the above experiments, firstly because of the appreciable back 
reaction when no added anions are present, and secondly because when an anion such as the 
benzoate ion is added to diminish the effect of this back reaction the second stage of the process 
involves, not the chlorohydrin (I), but mainly the chlorobenzoate (II). 


CH, -CH,Cl ny CHy'CHyOBz ny -CHyCH,Y 
2-CiHy NS CHt-CH,-OH 2-CywHy NS cH CH,Cl 2-CyHy NS CH CHC! 
(I.) (II.) (III.) 


The rate of reaction of the second chlorine atom will depend on the nature of the substituent 
Yin (III). It was shown in Part I that the chlorine atom is replaced more readily when Y = H 
than when Y = Cl. Generally the reactivity will depend on the electron displacement caused 
by the substituent Y. An approximate guide to the effect of a substituent is obtained from the 
dissociation constant of the acid HY, for a strong electron-attracting group will give rise to a 
strong acid. Possible substituents can be arranged in the following order of electron-attracting 
power, X > OBz > OH > NHR, so that a halogen atom (X) would be expected to produce the 
maximum reduction of activity in the second chlorine atom. The compound (III; Y = NHR) 
should have a more reactive chlorine atom than the chlorohydrin (I) and in consequence 
the rate of elimination of chloride ions from an arylhalogenoalkylamine should be faster in the 
presence of an amine. This has been observed in the reactions of §-naphthyldi-2-chloroethyl- 
amine in the presence of aromatic amines, and this work, which is being extended, will form the 
subject of a later communication. 

The results now presented confirm the view put forward in Part II that, when they react 
with ionised carboxyl groups in biological material, the aromatic nitrogen mustards would form 
more stable products than would their aliphatic analogues (compare Fruton, Stein, and 
Bergmann, J. Org. Chem., 1946, 11, 567). 


EXPERIMENTAL, 


Reaction of B-naphthyldi-2-chloroethylamine in 1 : 1 Acetone—Water at 37°.—(a) In the presence of acids. 
B-Naphthyldi-2-chloroethylamine (536 mg.) was dissolved in AnalaR acetone (150 ml.), water (150 ml.) 
containing the required amount of acid was added, and the mixture was rapidly heated to 37°. The 
eee vessel was then transferred to a thermostat. After 24 hours the mixture was rapidly cooled 
and titrated first with 0-1N-sodium hydroxide (phenolphthalein) and then with 0-1n-silver nitrate 
(dichlorofluorescein). The results were presen as the percentage elimination of hydrogen and 
chloride ions based on the complete reaction of the halide (Table I). 

(b) In the presence of salts. The conditions were exactly as above except that the sodium salts were 
dissolved in the water before mixing. Just before heating to 37° the mixtures were rendered faintly 
alkaline to phenolphthalein with 0-1N-sodium hydroxide (acetone always contains some titratable acid). 
Allowance was made for this acidity in calculating the results of experiment (a). After 24 hours the mix- 
tures were titrated as before; in some cases tion of the ester occurred on cooling the mixture, and 
the presence of this interfered with the chloride end-point. Sharp end-points were obtained if acetone 
sufficient to dissolve the ester was added after completing the titration of the acid. 

(c) In the presence of silver nitrate. The experiments were carried out exactly as in (b) except that 
after 24 hours sufficient 0-1N-sodium chloride was added to precipitate all the silver which had originally 
been added, before proceeding with the two titrations. 

(d) In the presence of sodium thiosulphate. The amount of thiosulphate consumed by interaction 
with the carbonium ion was determined by titration of an aliquot with 0-1N-iodine at the start of the 
ree and after 24 hours. In order to obtain a sharp end-point to the titration using starch as 

icator it was necessary to dilute the aliquot with twice its volume of water. 

Complete Hydrolysis of NN-Di-2-chloroethyl-p-anisidine and B-Naphthyl-di-2-chloroethylamine in 1:1 
Acetone—W ater at 37°.—The halogenoalkylamine (0-0066 mol.) was dissolved in acetone (500 ml.) ; water 
(500 ml.) or a solution of sodium benzoate (0-02 mol.) in water (500 ml.) was added, and the reaction 
started as before. At appropriate intervals aliquots (100 ml.) were removed and titrated in the usual 
manner. During the course of the longer hydrolyses some evaporation occurred, and allowance had to 
be made for this. The results are presented in Tables IV and VIII. 

Isolation of the Esters.—In a typical experiment NN-di-2-chloroethyl-p-anisidine (1 g.) and sodium 
benzoate (5 g.) were dissolved in 1 : 1 acetone-water (200 ml.), and the solution was kept at 37° until 
100% elimination of chloride ion had occurred. The acetone was then removed under reduced pressure, 
and the residue was extracted with benzene. After passage of the dried extract through a column of 
activated alumina, the solution was evaporated, giving the dibenzoate which crystallised from methanol 
in long flattened needles, m. p. 63—64° (Found: C, 71-3; H, 6-1. C,,H,,0,N requires C, 71-6; H, 





2596 Barton and Brooks: The Application of the Method of 


6-0%). It afforded a picrate which crystallised from methanol as felted needles, m. p. 113—115° (Found: 
C, 57-1; H, 4:4. C3,H.O,,N, requires C, 57-4; H, 4-4%). ‘ 

The following esters were made by similar methods. NN-Di-(2-formoxyethyl)-p-anisidine (Found : 
equiv., 134. C,,;H,,O,N requires i 134), which ere a picrate, prisms Per benzene-methanol), 
m. p. 63—65° (Found: C, 45-6, H, 4:8. CisH0,.N,,CH,-OH requires C, 45-5: H, 46%). The 
picrate would not crystallise in the absence of methanol and the solvent of crystallisation was removed 
only after 4 hours at 40°/0-001 mm. (Found: C, 46-2; H, 4:4. Cy H»»O,.N, requires C, 46-0: 
4:1%). NN-Di-2-acetoxyethyl- (Found: equiv., 148. C,;H,,0,N requires equiv., 148), NN-dj-2. 
chloroacetoxyethyl- (Found: equiv., 180. C,,;H,,O,;NCI, requires equiv., 182), NN-di-2-phenylacetoxy. 
ethyl- (Found : uiv; 224. C,,H,O;N requires equiv., 224), and NN-di-2-mandeloxyethyl-p- 
anisidine, fine needles (from light petroleum, b. p. 60—80°), m. p. 78—80° (Found : uiv., 244. 
Cy7H,,O0,N requires equiv., 240). B-Naphthyldi-2-acetoxyethylamine (Found: equiv., 156. “CH,0.N 
requires equiv., 158). Wg gg he ge egg felted needles (from methanol), m. p, 
92° (Found: C, 76-5; H, 5-9. C,,H,,0,N requires C, 76-5: H, 5-7%), yields a picrate, prisms 
(from methanol), m. p. 128° (Found: C, 60-9: H, 40. C,,H,,0,,N, requires C, 61-1; H, 4-2%) 
Where no m. p. is given the ester was obtaiued as a colourless oil. 

Formation of Iodoethylamines.—(a) NN-Di-2-chloroethyl-p-anisidine (1 g.) was dissolved in 1:] 
acetone—water (600 ml.) containing sodium iodide (5 g.), and the solution was kept at 37°. After 48 
hours the product was isolated and submitted to a chromatographic purification as already described, 
NN-Di-2-iodoethyl-p-anisidine, m. p. 38° (undepressed by a specimen, m. p. 40°, obtained by the method 
given in Part I), was obtained. f-Naphthyldi-2-iodoethylamine, m. p. 73°, was similarly prepared from 
the corresponding chloroethylamine. 

(b) NN-Di-2-chloroethyl-p-anisidine (1 g.) was dissolved in 1 : 1 acetone—water (200 ml.) containing 
sodium iodide (5 g.). After the solution had been kept at 37° for 4 hours a turbity developed, and after 
10 hours a large drop of oil had separated. This was removed and dissolved in light petroleum (b. p. 
40—60°), and the dried solution was passed through a short column of alumina. When the eluates 
were concentrated and then cooled to 0°, flattened needles, m. p. 28—31°, of N-chloroethyl-N-iodoethyl-p- 
anisidine were obtained (after complete hydrolysis in aqueous acetone solution 178 mg. of the iodo- 
chloride required 10-6 ml. of 0-1N-sodium hydroxide to neutralise the acidity and 10-7 ml. of 0-Ln-silver 
nitrate to titrate the halogen ions liberated; C,,H,,ONCII a 10-5 ml. of each). The compound 
gives a picrate, which forms prisms, m. p. 114—115° (Found: C, 35-8; H, 3-2; N, 9-7. C,,H,,0,N,CII 
requires C, 35-9; H, 3-2; N, 9-9%), from methanol. The di-iodo-compound was isolated from the 
aqueous phase. 


This investigation has been supported by grants made to the Royal Cancer Hospital by the British 
Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund for Medical Research, the Anna Fuller 
Fund, and the Division of Research Grants of the U.S. Public Health Service, and was conducted during 
the tenure by the author of a Sir Halley Stewart Fellowship. The author thanks Professor G. A. R, 
Kon, F.R.S., for his interest in this work. 
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548. The Application of the Method of Molecular-rotation 
Differences to Steroids. Part XIII. Some Bile Acid Derivatives. 


By D. H. R. Barton and C. J. W. Brooks, 


The molecular rotations of various 12-keto-bile acids and their derivatives in dioxan, acetone, 
and chloroform are recorded. The solvent effects observed are correlated with other data in 
the steroid field. Several erroneous rotations in the literature, to which attention had previously 
been drawn (Part III, J., 1946, 1116), are corrected. It is shown that there is no “ vicinal 
action ’’ between carboxy- or carbomethoxy-groups in the steroid side chain and hydroxy- or 
acetoxy-groups at position 3. 


IN spite of the growing importance of the molecular-rotation difference method in the correlation 
of optical activity and structure in steroidal compounds, very few reliable measurements have been 
reported on solvent effects. We have now remedied this omission so far as 12-keto-bile acids 
are concerned. As will be clear in the sequel the accurate measurement of the rotations of these 
substances was also of interest in another connection. 

The four main solvents used in measuring the rotations of steroidal compounds are dioxan, 
acetone, chloroform, andalcohol. According to the theoretical treatment of Beckmann and Cohen 
(J. Chem. Physics, 1936, 4, 784; 19388, 6, 163) the optical rotations of non-polar molecules in 
alcohol and acetone should be substantially identical. Previous measurements that we made 
on cholestane derivatives (Part III, loc. cit.) were in agreement with this view, and Sarett (J. 
Amer. Chem. Soc., 1949, 71, 1177) has similarly found no significant differences for various 
11-ketopregnane derivatives. Measurements were made therefore on a series of 12-keto-bile 
acids (many of which were very kindly supplied by Messrs. Ciba Pharmaceuticals Ltd., New Jersey, 
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U.S.A., through the courtesy of Dr. Carl Djerassi, to whom we extend our best thanks) in dioxan, 
acetone; and chloroform. Table I summarises the results. As before, A, denotes the increment in 
molecular rotation on acetylation of a hydroxyl, in this case a 3a-hydroxyl, group. For a number 
of compounds in both the cholestane (Part ITI, Joc. cit.) and cholane series the molecular rotations 
in chloroform were more negative by about 35 units than those in acetone. This confirms the 
results of Plattner and Heusser (Helv. Chim. Acta, 1944, 27, 748) for various non-ketonic 
derivatives of cholic acid. Now it would seem reasonable to regard the shift in molecular 
rotation from solvent to solvent as made up of contributions from the various parts of the 
molecule (suitably the asymmetric centres) in the same way as the molecular rotation itself may 
be treated. For large molecules, then, minor structural changes should not alter greatly the. 
“ standard ” solvent corrrections. The results discussed so far support this view. However, 
exceptions must be expected, for in the 12-keto-bile acid derivatives the molecular rotations ° 
were more positive in chloroform than in acetone by about 20 units (Table I). In the cholestane 
series molecular rotations were about 20 units less positive in dioxan than in acetone. In the 
12-keto-bile acid series there was no significant difference between these two solvents. The 
results obtained emphasize the desirability, now admitted by most workers in the field, of 
determining the rotations of all steroidal compounds in one solvent, preferably chloroform. 


TaBLeE I, 
(M)p. 
Compound. Dioxan. Acetone. Chloroform. Alcohol. 
Cholanic acid series : 
3(a)-Acetoxy- methyl ester +207° n 4+.203° 
3(a) : 12(a)-Dihydroxy- * +155 +143 
3(a) : 7(a) : 12(a)-Trihydroxy- * +220 +218 
Bisnorcholanic acid series : 
3(a)-Acetoxy- methyl ester +12 +131 
12-Ketocholanic acid series : 
3(a)-Hydroxy- +37 +394 
3(a)-Acetoxy- +467 
Ay + 73 
3(a)-Hydroxy- methyl ester +386 
3(a)-Acetoxy- methyl ester +460 
A + 74 





12-Ketonorcholanic acid series : 
3(a)-Hydroxy- 
3(a)-Acetoxy- methyl ester 
A 


12-Ketobisnorcholanic series : 
3(a)-Hydroxy- 
3(a)-Hydroxy- methyl ester 
3(a)-Acetoxy- methyl ester 
A 


12-Ketoztiocholanic acid series : 
3(a)-Hydroxy- 
3(a)-Acetoxy- 


3(a)-Hydroxy- methyl ester 
3(a)-Acetoxy- methyl] ester 
A 


* Josephson, Biochem. J., 1935, 29, 


TABLE II. 
No. of A.M. Mean error 
examples. A vals. of A.M.* 
Cholanic acid -> nor-acid 9 + 65° + 6° 
Cholanic acid -> bisnor-acid 23 — 59 + 4 
Cholanic acid -> xtio-acid 12 +113 +10 


* Arithmetic mean. The limits of variation from the arithmetic mean are, of course, much 
er. 


Taking the rotations for 3a-hydroxy-12-ketocholanic acid and its derivatives in dioxan as a 
datum it is, of course, possible to calculate the molecular rotations of the various lower homologues 
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and their derivatives. Standard A values for this process are given in Table II and are based on 
a complete analysis of the literature up to the end of 1945, although in order to conserve Space 
we do not give details here. The calculated molecular rotations are presented in Table III, and 
comparison of this table with the relevant data in Table I shows a close agreement in all cases 
except that of 3-«-hydroxy-12-ketoztiocholanic acid. As mentioned in the Experimental 
section this acid retains solvent tenaciously. Since large specific rotations are involved a small con- 
tamination by inert solvent exerts a relatively large effect on the molecular rotation. We doubt, 
therefore, whether this discrepancy is significant. The A, values given in Table I for the various 
12-keto-bile acids and their methyl esters are in good agreement with the standard value of 
+ 83° established by analysis of the literature (Part III, J., 1946, 1116), except for the values 
for 3-a-hydroxy-12-ketoztiocholanic acid (see above). 


TaBLeE III. 
12-Ketocholanic acids (all rotations positive). 
[M]p (dioxan), calc. by use of Table II. 


c D qu ———. 
Substance. i x Nor-acid. Bisnor-acid. Ztio-acid. 
3a-Hydroxy- * 320° 492° 
3a-Acetoxy- fT 404 576 
3a-Hydroxy- methylester ... 316 488 
3a-Acetoxy- methylester ... 462 403 575 


* Schwenk eé¢ al. (Joc. cit.) found [M]p +339°, +263°, +308°, and +424°, respéctively. 


+ Schwenk e# al. (loc. cit.) found [M]p +418° and +267° for the nor-acid and bisnor-acid deriv- 
atives respectively. 





Now in Part III of this series (loc. cit.) we pointed out that the rotations recorded by Schwenk, 
Riegel, Moffett, and Stahl (J. Amer. Chem. Soc., 1943, 65, 549) for 3a-hydroxy-12-keto-nor- and 
-bisnor-cholanic acid afforded anomalous A, values. The present investigation has confirmed 
that the rotations given by the American workers for the nor-acid and for the bisnor-acid acetate 
‘ are erroneous (Table III). It will be noted that all the rotations reported in the reference cited 
are lower than the expected values. Inso faras there can be no serious doubt about the structures 
of the compounds, it seems probable that the discrepancy is explained by inadequate drying 
before weighing. Because of the high rotations these compounds are particularly liable to this 
sort oferror. Dr. E. Schwenk has kindly informed us that he thinks that this is a not unreason- 
able explanation. The melting points in the two investigations are in good agreement.* 


TaBLe IV. 
(M]p (CHCI,). 


Hydroxy-compound. Alcohol. Acetate. 
Cholestane series (standard values) : * 
38-Hydroxy-A5- —154° —188° 
38-Hydroxy-5-allo- + 89 + 60 
A (Reduction) +243 +248 
Cholanic acid series : 
38-Hydroxy-A5- methyl ester —175 —198 
38-Hydroxy-5-allo- methyl ester + 74 + 48 
A (Reduction) +249 +246 
ZEtiocholanic acid series : 
38-Hydroxy-A‘5- methyl ester — 70 — 94 
38-Hydroxy-5-allo- methyl ester +177 +143 
A (Reduction) +247 +237 
* Barton, /., 1946, 1116. 





During the course of work with a different object we prepared, and recorded the rotations of, 
pure specimens of 38-hydroxy-allo- and -ztioallo-cholanic acid and their derivatives.t The 
molecular-rotation data are briefly summarised in Table IV. It will be seen that the A values 


* A further anomaly to which attention was directed in Part III (loc. cit.) has now been corrected. 
Lieberman et al. (J. Biol. Chem., 1948, 172, 263) recently found [a]p +97° (in alcohol), [M]p +309°, for 
allopregnan-3a-ol-20-one. Coupling this with the [M]p of +342° (in alcohol) recorded earlier for the 
corresponding acetate (Fleischer, Whitman, and Schwenk, J. Amer. Chem. Soc., 1938, 60, 79) gives a 
revised A, value of +33°, now in good agreement with the standard value of +24° found in Part III. 

+ We are much indebted to Messrs. Ciba, Basle, for generous gifts of chemicals, which served as 
starting materials in this work. 
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for these compounds agree closely with the corresponding derivatives of cholestane. There 
is, in fact, no “ vicinal action ”’ (Barton and Cox, Nature, 1946, 159, 470; Part IV, J., 1948, 783) 
between the carboxy- or carbomethoxy-groups in the side chain and the 3-position. This is in 
agreement with our previous studies on the subject (Barton and Cox, loc. cit.). 


EXPERIMENTAL, 


M. p.s are uncorrected. M.p.s above 200° were determined using an aluminium-block apparatus 
imilar to that described by Fieser (‘‘ Experiments in Organic Chemistry,” 1941, p. 329). All specimens 
were dried in a vacuum at 20° below their m. p.s or at 120°, whichever was the lower temperature. All 
rotations are for the Nap line and were determined at room temperature, which varied from 15° to 25°, 
with a 1-dm. micro-tube of about 1-5-ml. capacity. In the sequel concentrations are in g. per 100 ml. 
of solution. Tables of molecular rotations are given above. 

Keto-acids were esterified with only a slight excess of ethereal diazomethane. Acids not containing 
keto-groups were esterified with an excess of this ent in the usual way. 

Standard chemical tions were carried out as described in detail in Part IV (J., 1948, 783). 

Light petroleum b. p. 40—60°. 

Most of the data determined during this investigation are summarised, together with the more 
important of the relevant literature, in Table V. Additional experimental data are summarised as 
follows. 

3a-Hydvoxy-12-ketocholanic Acid.—This acid was prepared from deoxycholic acid by the method of 
Bergstrom and Haslewood (J., 1939, 540). It was best purified by crystallisation (needles) from ethyl 
acetate-light petroleum rather than from benzene. The ae acetate was similarly recrystal- 
lised. Methyl 3 -a-hydroxy-12-ketocholanate was recrystallised from various solvents including aqueous 
acetone, aqueous methanol, and acetone-light petroleum. All specimens obtained had m. p.s in the 
range 116—120°, in disagreement with the values of 110—111-5° and 111—112° recorded in Table V and 
with the value of 143° given by Chakravarty and Wallis (J. Amer. Chem. Soc., 1940, 62, 318). As far as 
could be ascertained by fractionation from the above-mentioned solvents the specimen described here 
was homogeneous. The methyl ester was acetylated in the usual way, and the acetate purified by 
chromatography and then by crystallisation from methanol. 

Methyl 3a-Acetoxy-12-ketonorcholanate.—The preparation supplied by Messrs. Ciba Pharmaceuticals 
Ltd. was recrystallised from methanol. Hydrolysis by N-methanolic potassium hydroxide at room 
temperature for 3 days furnished 3a-hydroxy-12-ketonorcholanic acid, which was recrystallised from ethyl 
acetate—light petroleum. 

Methyl 3a-Acetoxy-12-ketobisnorcholanate.—The preparation supplied by Messrs. Ciba Pharmaceuticals 
Ltd. was recrystallised from methanol. 80 Mg. were treated with 20 ml. of N-methanolic potassium 
hydroxide and set aside at room temperature for 5 days. Working up in the usual way and recrystallis- 
ation from chloroform-light petroleum (needles) gave methyl 3a-hydroxy-12-ketobisnorcholanate. 
Hydrolysis of the acetate methyl ester according to the directions of Sorkin and Reichstein (Helv. Chim. 
Acta, 1944, 27, 1631) furnished the corresponding hydroxy-acid, which was recrystallised from ether. 

Methyl 3a-Acetoxy-12-ketoaetiocholanate.—The preparation supplied by Messrs. Ciba Pharmaceuticals 
Ltd. was recrystallised from ether-light petroleum. 3a-Hydroxy-12-ketoztiocholanic acid was prepared 
from ztiodeoxycholic acid (supplied by Messrs. Ciba, Basle) by chromic acid oxidation of the 3-succinoyl 
derivative according to the directions of Schwenk, Riegel, Moffet, and Stahl (Joc. cit.), the final hydrolysis 
of the succinate being effected by 30% methanolic potassium hydroxide at room temperature. The 
hydroxy-acid crystallised well from aqueous methanol and was identical in all respects with a specimen 
supplied by Messrs. Ciba Pharmaceuticals Ltd. The following rotations were observed: [a]p +129° 
(c, 1-08) in dioxan, and +131-5° (c, 1-05), +133° (c, 1-02), +131-5° (c, 0-79) in acetone. A specimen re- 
crystallised from aqueous acetone had [a]p + 122° (c, 1-22) indioxan. Inanattempt to determine whether 
the acid was solvated a sample was dried at room temperature and then further dried at 100°/1 mm. 
——_ until there was no further loss (total, 6%) in weight (about 4 hours) (Found: C, 70-24; H, 9-24. 

c. for CygHy90,,4CH;°OH : C, 70-25; H, 9-20%). The rotation was then [a]p +129-5° (c, 0-68) in dioxan. 
[M]p calculated for C,.H5,0,,4CH,;°OH was +454° (dioxan), +463° (acetone). The hydroxy-acid was 
too sparingly soluble in chloroform for accurate measurement. On acetylation 3a-hydroxy-12-keto- 
peepee acid afforded the corresponding acetate, which recrystallised (slowly) from aqueous methanol 
in long needles. 

Methyl 3a-hydroxy-12-ketoztiocholanate was prepared by diazomethane and recrystallised from 
chloroform—ether. 

Lithocholic Acid.—Lithocholic acid was prepared according to the directions of Heusser and Wuthier 
(Helv. Chim. Acta, 1947, 30, 2165). Methyl 3a-succinoyloxy-7 : 12-diketocholanate, crystallised from 
benzene-light petroleum, had m. p. 181°, [a]p +50° (c, 2-78), +49° (c, 1-49) in chloroform. The 
corresponding dimethy] ester, recrystallised from benzene-light petroleum, had m. B 99—100°, [a]p +46° 
(¢, 3-63), +46° (c, 1-5) in chloroform. Lithocholic acid (3a-hydroxycholanic acid), recrystallised from 
methanol, had m. p. 185—186°, [a]p +35° (c, 1-17), +35° (c, 1-15), [M]p +132° in ethanol. Lithocholic 
acid acetate, recrystallised from aqueous acetone, had m. p. 168—170°, [a]p +49° (c, 1-05), +49° (c, 0-67), 
+49° (c, 0-65), [M]p +205° in ethanol, and [a]p +45° (c, 3-40), [M]p +188° in chloroform; the corres- 
ponding methyl ester had m. p. 132—133°, [a]p +48° (c, 2-66) in acetone, +47° (c, 2-27) in 9: 1 ethanol : 
chloroform, and +-43° (c, 2-86) in chloroform. 

Methyl 3B-Hydroxychol-5-enate.—This ester was supplied by Messrs. Ciba, Basle. Recrystallised from 
ethyl acetate-methanol, it had m. p. 141—142°, [a]p —45° (c, 1-71), —45° (c, 1-66) in chloroform. 
Acetylation gave the corresponding acetate, recrystallised from ethyl acetate, m. p. 155°, [a]p —45° 
(c, 2-30), —47° (c, 1-26), —46° (c, 1-03) in chloroform. Hydrogenation of methyl! 3f-hydroxychol-5-enate 
in ether-acetic acid solution with a platinum catalyst furnished methyl 3f-hydroxyallocholanate, 
Tecrystallised from methanol in long needles, m. p. 149°, [a]p +19° (c, 2-50), +19° (c, 2-00) in chloroform. 
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Compound. 
12-Ketocholanic acid derivatives : 
3(a)-Hydroxy- * 


Found 


3(a)-Hydroxy- methyl ester 
Found 


3(a)-Acetoxy- 
Found 


3(a)-Acetoxy- methyl ester + 
Found 


12-Ketonorcholanic acid deriv- 
atives : 


3(a)-Hydroxy- 
Found 


3(a)-Acetoxy- 
3(a)-Acetoxy- methyl ester 
Found 


12-Ketobisnorcholanic acid deriv- 
atives : 


3(a)-Hydroxy- 
Found 

3(a)-Hydroxy- methyl ester 
Found 


3(a)-Acetoxy- 
3(a)-Acetoxy- methyl ester 


Found 


12-Ketoztiocholanic acid deriv- 
atives : 


3(a)-Hydroxy- 
Found 

3(a)-Hydroxy- methyl ester 
Found 


3(a)-Acetoxy- 
Found 


3(a)-Acetoxy- methyl ester 
Found 


Method of Molecular-rotation, etc. 


Part XIII. 


TABLE V. 


M. p. 


164—165° ? 
160—161 ” 
163—164 


110—111-5 * 
111—112 7 
see text 


197 ? 
197—198 


153—154-5 ¢ 
150—151 +5 
150—151 


250—251° 
248—250 


208—209-5 
184—186 #3 


295—297 ! 
298—299 3 
292 


171—173 4 
165—167 +6 
165—166 


246—247 3 

168—170 ° 

166—166-5 1° 
165 


213—215 4 
213—216 
211—212 
169—170 * 
166—167 


205—206 3 


152—154 * 
154—156 #8 
151—152 


{a]p (all positive) in 





dioxan. acetone. chloroform, 


87° } 94°7 

103-5° 
[103 (c, 1-19) 
103-5 (c, 2-07) 
105 (c, 1-14) 


97 101 
(c, 1-28) (c, 1-07, 0-87) 


95-5 97-5 
[96 (c, 1-68),  (c, 2-47, 2-58) 
94:5 (c, 1-67) 


95-5 (c, 1-81)] 


108 113-5 
(107: ; el -85) [108-5 (c, 1-91) [113 (c, 2-10) 
106-5 (c, 1-72)] 107-5 (c, 1-27)] 114 (c, 1-78)) 
= 105,* 103 § — 


103 110 
[103-5 (c, 1-24) (c, 1-57) 


103 (c, 1-91)] 


103-5 
[105 (c, 1-57) 
103°5 (c, 1-99) 
103-5 (c, 2-73)] 


70 1 


103 
[102-5 (c, 1-48) 
103 (c, 0-75)} 
100 } o- 


106-5 
[107 (c, 1-32) 
106-5 (c, 1-82)] 


109-5 
[110 (c, 0-93) 
108-5 (c, 1-68)] 


1 
[104 (c, 1-61) 
102 (c, 2°72)] 


96 
(95-5 (c, 1-33) 
97 (c, 1-91)] 


130 #8 


See text 


140 
(c, 0-94) 


See text — 
—- 1443 
139 144 
(c, 1-39) (c, 1-26) 
149-5 150-5 
(c, 1-02) (c, 0-92) 
— 150 2° 


158 
(c, 1-18) 
1528 


148-5 145 153-5 
(c, 1-41) (c, 0-63) [155 (c, 0-87) 
152 (¢, 1-34) 
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TABLE V (continued). 
[a]p (all positive) in 
Compound. M. p. dioxan. acetone. chloroform. 
Bisnorcholanic acid derivatives : 


3(a)-Acetoxy- methyl ester 112—113 33 a oe io 
" Found 110—111 





31 32-5 “5 
(81 (c, 1-85) (c, 1-54) (c, 2-01, 
30 (c, 2-01)] 0-99) 

* Recorded [a]p in alcohol: 112°,11 110°. t+ Recorded [a]p in alcohol: 111°,* 108°.* 

1 Schwenk, Riegel, Moffett, and Stahl, J. Amer. Chem. Soc., 1943, 65, 549. * Chakravarty and 
Wallis, ibid., 1940, 62, 318. * Wenner and Reichstein, Helv. Chim. Acta, 1944, 27, 965. * Reichstein 
and Sorkin, ibid., 1942, 25, 797. * Lardon and Reichstein, ibid., 1943, 26, 586. * Idem, ibid., 1944, 
27, 713. 7 Seebeck and Reichstein, ibid., 1943, 26, 536. * Gallagher and Long, J. Biol. Chem., 
1946, 162, 521. * Hicks, Berg, and Wallis, ibid., 1946, 162, 633. +%° Katz and Reichstein, Pharm. 
Acta Helv., 1944, 19, 231. 144 Wieland and Kishi, Z. physiol. Chem., 1933, 214, 47. 1% Kyogoku, 
ibid., 1937, 246, 99. 4% Values quoted by Messrs. Ciba Pharmaceuticals Ltd. for samples supplied. 
4 Seebeck and Reichstein, Helv. Chim. Acta, 1944, 27, 1631. +45 Gallagher and Long, J. Biol. Chem., 
1946, 162, 495. 4° Riegel and Moffett, ibid., 1946, 162, 585. 


Hydrogenation of the corresponding acetate methyl ester (see above) afforded methyl 38-acetoxyallo- 
cholanate which, recrystallised from ethyl acetate, had m. p. 155°, [a]p +11° (c, 5-32), +11° (c, 3-72) in 
chloroform. 

Methyl 3B-Hydroxyetiochol-5-enate.—This ester was supplied by Messrs Ciba, Basle. Recrystallised 
from methanol (long needles) it had m. p. 179°, [a]p —21° (c, 2-96), —21° (c, 1-29) in chloroform. 
Acetylation gave the corresponding acetate, recrystallised from methanol in prisms, m p. 150—151°, 
[a]p —25° (c, 2-47) in chloroform. Hydrogenation of methyl 3f-hydroxyztiochol-5-enate in ether—acetic 
solution with a platinum catalyst gave methyl 38-hydroxyalloetiocholanate which, recrystallised from 
methanol, had m. p. 172°, [a]p +54° (c, 1-83), +52° (c, 1-12) in chloroform. Acetylation furnished the 
corresponding acetate, recrystallised from methanol in plates, m. p. 149—150°, [a]p +38° (c, 5-36), +38° 
(c, 5-13) in chloroform. 


This work was carried out during the tenure of an I.C.I. Fellowship by one of us (D.H.R.B.). Weare 
indebted to the Chemical Society for a grant and to the Department of Scientific and Industrial Research 
for financial assistance (C. J. W. B.). 
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549. The Gattermann—Koch Reaction. Part I. Thermodynamics. 
By M. H. Dirks and D. D. ELEy. 


Calculation of AG° for C,H, + CO -—>C,H,°CHO shows that the reaction probably does not 
proceed in the absence of complex formation between catalytic halide and product. Two kinds 
of calorimetric experiment have been made: (I) catalytic halide plus excess of benzaldehyde 
leads to Q, the heat of complex formation; (II) catalytic halide plus equivalent amounts of 
benzaldehyde leads to the molecularity of the complex and a value of K, the dissociation 
constant of the complex, and hence to AG° for the formation of the complex. Values of —AG° 
for complex formation are sufficiently large to make the equilibrium in the Gattermann—Koch 
reaction favourable. Bond energies for the complex are calculated on the basis of certain 
simplifying assumptions. 


Tue Gattermann-—Koch reaction is fundamentally a reaction in which the CO group is introduced 
into aromatic molecules under the influence of a molecular proportion of a Friedel-Crafts 
catalyst, usually aluminium chloride or bromide. In their original paper Gattermann and 
Koch (Ber., 1897, 80, 1622) passed a 2CO: 1HCl mixture through 30 g. of toluene and 45 g. of 
aluminium chloride, a necessary further addition being 4 g. of cuprous chloride. -Tolualdehyde 
was obtained in 50% yield at 20—25°. The synthesis failed with benzene but, when aluminium 
bromide was used, a 90% yield of benzaldehyde was obtained (Reformatski, J. Russ. Phys. 
Chem. Soc., 1901, 88, 154; Gattermann, Amnalen, 1906, 847, 347). The synthesis has been devel- 
oped in a number of ways. For instance, an 85% yield of benzaldehyde may be obtained 
with aluminium chloride if the carbon monoxide is used at 40—90 atm. pressure (D.R.-P. 
281,212; B.P. 3152). Here hydrogen chloride and cuprous chloride were dispensed with, 
although the inevitable presence of traces of moisture would have given rise to some 
hydrogen chloride. A high-pressure synthesis of this kind has been tried, using titanic chloride 
as a promoter in place of cuprous chloride (B.P. 334,009; U.S.P. 1,939,005), and another 
using benzaldehyde and aluminium chloride complex as a promoter (U.S.P. 1,989,700). 
8F 





2602 Dilke and Eley: The Gattermann—Koch Reaction. 


In a further patent (D.R.-P. 403,489) a process is described in which benzaldehyde is syn- 
thesised, aluminium chloride and carbon monoxide being used at atmospheric pressure, No 
cuprous chloride was used, but a proportion of nitrobenzene was added to bring the aluminium 
chloride into solution. A 90% yield was claimed, but we have failed to confirm this result, 
The aluminium chloride—benzaldehyde complex has been found to be a catalyst for the 
benzaldehyde synthesis (Tech. Krupp, 1938, 6, 59) and has been used by Holloway and Krase 
(Ind. Eng. Chem., 1933, 25, 497) to reduce the induction period in the high-pressure synthesis 
of benzaldehyde with aluminium chloride. Holloway and Krase (loc. cit.) find that water may 
replace hydrogen chloride in the high-pressure synthesis, and that there is an optimum temper. 
ature for the reaction of 20°. Hardy (J. Soc. Chem. Ind., 1948, 67, 150) finds the optimum 
temperature to be 35° for the high-pressure synthesis of benzaldehyde with aluminium chloride, 
He finds that the aluminium chloride complexes with either benzaldehyde or ethyl ether function 
as accelerators. Calculations by Campbell and Eley (Nature, 1944, 154, 85) have shown that 
the synthesis of benzaldehyde is only rendered thermodynamically favourable by the formation 
of benzaldehyde—aluminium chloride complex as a stable end-product. This result explained 
a failure to find a true contact synthesis of benzaldehyde when working at 1 atm. pressure 
(Eley, Ph.D. Thesis, Cambridge, 1940). 

The Gattermann-Koch reaction forms a suitable system in which to study the fundamental 
action of Friedel-Crafts catalysts, and the results referred to above pose a number of interesting 
problems. We have, therefore, in the first place revised the calculations of Eley and Campbell 
(which were never published in full), and made a careful calorimetric study of the complexes 
between benzaldehyde and a series of Friedel-Crafts catalysts. The results of this work forma 
basis upon which we may later discuss the kinetics of the reaction and the mode of action of 
the catalysts. 

Thermodynamic Calculations.—We first discuss the overall reaction C,H,(l) + CO(g) —>» 
C,H,*CHO(l). Table I gives the data used in the calculation (all data are at 1 atm. pressure), 


TABLE I. 


Heat of combustion, Heat capacity, 


Entropy, 
Substance. kcals./mole; 298° x.  cal./deg./mole; 298° k. cal./deg./mole; 298° x. 


BeRSGws (Bi) ~ crcccseccocescsecce 781-0 (R) 41°5 (P) 31-9 (I.C.T.) 
co (g) nalideeuneadenebeciniaieas 67°6 te) 47°3 (R’) 70 rer 
Benzaldehyde (1.) ..........+. 841°3 (K) 57°4 (E) 45°4 (I.C.T.) 

R, Rossini e¢ al., Bur. Stand. J. Res.. 1945, 34, 65. 

P, Pitzer and Rossini, ibid., 1946, 37, 95. 

1.C.T., International Critical Tables. 

R’, Rossini, Bur. Stand. J. Res., 1939, 22, 407. 

K, Kharasch, ibid., 1929, 2, 359 (at 293° x.) 

E, Estimated from data in Parks and Huffmann, “ Free Energies of Some Organic Compounds,” 

New York, 1932. 


From these data we have 
AH, = —7300 cals.; ASy9, = —31-4 cals./deg./mole; AC ps9, = 6-5 cals. /deg./mole. 
We can then calculate AG° and the equilibrium constant K by the equation 
—RT In K = AG° = AH gy, — T.AS°g9g + AC,(T — 298) — TAC, In T/298 . . (I) 


The results are given in Table II. These positive values of AG° and the derived K lead toa 
benzaldehyde yield at toom temperature of about 2% (calculated on the benzene), decreasing 


TaBLeE II. 
Benzaldehyde equilibria. 
eceeceee 298 323 373 


2,060 2,830 4,350 
31°6 12°6 2°9 


at increasing temperature. The calculated value of K is very sensitive to small changes in AH 
and the chief error in the above calculations lies in the uncertainty in the thermodynamic data 
for benzaldehyde. It seems clear that the reaction as written above is thermodynamically 
unfavourable, or at best only just favourable. The next step is to consider the overall reaction 


C,H, (1) + CO(g) —> C,H,CHO(l); AG,° 
C,H,CHO(1) + }A1,Cl,(s) —» C,H,°CHO,AICI,(s); AG,° 
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To understand the excellent yields obtainable in the Gattermann-Koch reaction, it is 
necessary to obtain an estimate of AG,°. This we have done in the first place by a measurement 
of the heat of mixing of benzaldehyde, not only with aluminium chloride, but with the bromide 
and a whole range of related halides, from which AH is obtained. 

We have also applied in a few cases a new but somewhat laborious analysis of calorimetric 
data leading to an estimate of AG. Although logically it would be best to describe this analysis 
first, we shall, in fact, describe the measurements of AH first, on account of their simplicity. 


EXPERIMENTAL, 


Details of the techniques used will appear in a forthcoming paper, and we give only a brief description 
here. The method was to place a weighed amount of purified aluminium chloride under 60 c.c. of dried 
chlorobenzene in the calorimeter, an unsilvered Dewar vessel provided with a cap carrying a stirrer, 
a“ Thermistor’’ (for temperature measurement), an electrical heater (for determination of the water 
equivalent), and the lead-in tube for the delivery coil, containing the benzaldehyde at 25°. The whole 
apparatus was immersed in a thermostat at 25°. At zero time the benzaldehyde was blown over into 
the calorimetric liquid by a current of dry air, and the temperature-time curve followed. Complex 
formation and heat evolution were usually complete in 0-5—4 minutes, and the water equivalent of the 
calorimeter and contents was then measured. 

All heats quoted are per mole of halide calculated as the monomer (for example, 133-3 g. for aluminium 
chloride). 

The ae amount of benzaldehyde delivered into the calorimeter from the delivery coil is, in general, 
unimportant, compared with the accuracy with which the weight of salt is known, but the coils were 
calibrated as follows : 

5-c.c. coil: 4-311, 4-265, 4-296, 4-178, 4-259 g. Mean = 4-26 g. = 0-0402 mole. 
l-c.c. coil: 0-7930, 0-8270, 0-7730, 0-8129, 0-8045, 0-8047, 0-8157. Mean = 0-8044g. = 0-0076 mole. 

The total error in the calorimetric measurements was estimated as perhaps 1% and confirmed by 
measurements of heats of neutralisation. 

Materials.—Chlorobenzene. The I.C.I. product was washed with 50% sulphuric acid and water, 
dried (CaCl,), and fractionated through a column (seven theoretical plates); b. p. 131-2—132-7°; 30 
1-5245 (1-5248). 

Benzaldehyde. The B.D.H. product was dried (CaCl,) and distilled in a stream of nitrogen; b. p. 
178°; n}75 1-5460 (1-5463). 

Bromobenzene. The B.D.H. product was dried (CaCl,) and fractionated; b. p. 156°; nm} 1-5565 
ng? 1-5598). ; 

' Morton tetrachloride. The I.C.I. wanes was dried (CaCl,) and fractionated; b. p. 77-0°. 

(Values of mp in parentheses are from I.C.T. or other tables.) 

Aluminium chloride. A mixture of equal parts of B.D.H. aluminium chloride and aluminium 
powder was sublimed in a stream of dry hydrogen chloride. The product was a white crystalline solid 
free from ferric chloride. Before use it was powdered. In certain cases (specified) it was further sublimed 
in dry nitrogen to remove adsorbed hydrogen chloride. 

Aluminium bromide. The B.D.H. product was recrystallised from carbon disulphide, all traces of 
which were removed by pumping in a vacuum desiccator. The product was a dirty-white powder which 
darkened on keeping. 

Aluminium iodide. This was prepared by the method of Palmer and Elliot (J. Amer. Chem. Soc., 
1938, 60, 1852). Iodine was heated at 300° with excess of aluminium in an evacuated tube until all 
traces of free iodine had disappeared. By distillation in a vacuum a white solid was obtained which 
liberated iodine when stored. 

Ferric chloride. B.D.H. “ AnalaR.” 

Titanic chloride, stannic chloride, antimony pentachloride, and antimony trichloride. From freshly 
opened B.D.H. bottles. 

Zirconium tetrachloride. The F. A. Hughes product, stated to contain 2% of ferric chloride, was used. 

Boron trifluoride-ether. This was obtained from the General Chemical Company, New York; b. p. 
126° (Found: B, 7-6—7-8. Calc. for BF;,C,H,,O: B, 7-7%). 

Beryllium chloride. Merck’s anhydrous. 

. — chloride. This was obtained as a white powder by reduction of the cupric salt with sulphur 
ioxide. 

Stannous chloride (anhydrous). This was prepared by dehydrating the hydrate with acetic anhydride. 

Sodium aluminium chloride. By fusing exactly equimolecular quantities of sodium chloride and 
aluminium chloride in an atmosphere of dry sitenaen Dlaeath and Kliemka, J. Amer. Chem. Soc., 1940, 
€2, 1432), this was obtained as a dirty white powder, m. p. 150°. 

Calcium chloride, mercuric chloride, zinc chloride, — chloride, ferrous chloride, ferric chloride 
(hydrated), and stannous chloride (hydrated) were all B.D.H. products. 

The calorimetric liquids were stored over calcium chloride, and the halides in desiccators. Calcium 
chloride tended to promote oxidation of benzaldehyde to benzoic acid, and so was not used in this case. 
A fresh sample was distilled before each set of runs and stored in a dark bottle. Incidentally, benzoic 
acid gives no heat of mixing with aluminium chloride. 

Results.—If we consider the reaction Halide + nC,H,-CHO == Halide,(C,H,-CHO), in the first 
group of experiments, we measure the heat of this reaction at 25° by working with a large molecular 
excess of benzaldehyde, using the 5-c.c. delivery coil. On the average, our conditions in this first series 
of experiments correspond to the range 0-001—0-006 mole of halide and 0-04 mole of benzaldehyde. 
These conditions, together with the large heats actually observed in most cases, suggest that the reaction 
is essentially irreversible and that complex formation is virtually complete. 
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In the second group of e: iments we work with a range 0-001—0-02 mole of halide and 0-0076 mole of 
benzaldehyde as delivered by the 1-c.c. coil. By working in this “ equivalence zone ”’ we can gain 
information about m in the above equation and also the equilibrium constant K for complex formation, 
The literature in general points to m = 1, except in the cases of stannic, titanic, and zirconium chloride. 
where » = 2. Our second group of experiments confirm these values of » in the cases examined, but the 
laborious nature of the work has precluded a detailed examination of all cases. ‘ 

Group I.—The general procedure was to measure the heat evolved on addition of 4-26 g. of 
benzaldehyde to various weights w of metallic halide, of molecular weight (as monomer) M. If S is the 
heat of solution of benzaldehyde in the calorimetric liquid, usually chlorobenzene, we find x = S + wQ/M. 

A plot of x, the heat evolved, against w then allows us to calculate Q (the heat of complex formation) 
from the slope of the resultant straight line. In the case where the complex is either insoluble or com- 
pletely soluble in the chlorobenzene, Q refers to a clearly defined final state, but in some cases partial 
solubility is found. Heat effects arising from the solubility of the complex may safely be assumed to 
be small. The analysis of Q into contributory terms is carried out later. 

We shall expect the intercept S to be the same for the same benzaldehyde-calorimetric 
liquid combination. For substances like titanic chloride, which are almost impossible to transfer 
without a small amount of hydrolysis, the intercept S may be markedly larger than the heat of solution, 
Since Q is obtained from the slope, however, it will be unaffected by hydrolysis of the salt, provided that 
this is relatively small and random over the series. 

The results are collected in Table III, and the graphs from which the Q values are calculated are shown 
in Figs. la, b, c. It will be convenient to discuss each halide separately. 


TaBLeE III. 
Heats of complex formation, with 4°26 g. of benzaldehyde. 


Wt. of Heat Wt. of Heat Wt. of Heat 
halide (g.). _ (cals.). Run. halide (g.). (cals.). Run, halide (g.). (cals.), 
AIC),. All,. TiCl,. 
0°296 4 i 70°4 0°977 1524 
0°538 . , 124°1 0°597 79°3 
0°814 ' 4 82-0 0°765 
0°221 . ‘ 97°4 0°503 
0°744 ; 0°959 
0°412 
0°255 , , : SbCl,. 
1-786 


NaAlCl,. . : 1-010 
4 0-588 

1°125 

1-238 


ZrCl,. 
0°521 
0°921 
0°695 
0°808 
0°276 
1182 


SSSsze 


53 
19°4 
12°1 


Aluminium chloride. Chlorobenzene was used as calorimetric liquid. Runs 154—157 were carried 
out, using aluminium chloride sublimed in hydrogen chloride, and runs 158—160 using aluminium 
chloride sublimed in nitrogen. Both sets of results lie on the same straight line in Fig. la. The end- 
product in all cases was a colourless solution from which the complex appeared to be partly precipitated 
as a white solid; a trace of hydrogen chloride was evolved in some cases. 


g = 24°7 kcals. per mole of AICI,. 
= — 5cals. (4°26 g. of benzaldehyde in 60 c.c. of chlorobenzene). 


Since aluminium chloride is insoluble in chlorobenzene and there is evidence that the complex is 
1: 1 (see next section), we consider that the heat evolved, Q, corresponds essentially to 


}A1,Cl,(s) + C,H,-CHO(soln.) —> C,H,*CHO,AICI,(s) + 24-7 kcals. 


We have not been able to crystallise this complex. The only reference to a benzaldehyde complex 
in the literature claims a crystalline compound, C,H,*CHO,AICI,,CH,-OH, from methyl alcohol as 
solvent (Gangloff and Henderson, J. Amer. Chem. Soc., 1917, 88, 1420). 

Some experiments were made which showed that neither hydrogen chloride nor water vapour had any 
marked effect. Thus, in run 165 the calorimetric liquid was chlorobenzene saturated with hydrogen 
chloride. The larger value of Q = 28-9 kcals. may be attributed to the heat of solution of hydrogen 
chloride in benzaldehyde, but there was no other peculiarity. In runs 167 and 169 the chlorobenzene 
and aluminium chloride were stirred for 30 minutes and 10 minutes respectively with fine aluminium 
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er, to remove any free hydrogen chloride, before addition of benzaldehyde. The result, Q = 24-7 
was obtained. Similarly, nitrogen saturated with water (either at 0° or 40°) had no effect when 
passed through the calorimetric liquid during a run, apart from slight hydrolysis of the aluminium 
chloride. 
Fic. la, b, c. 


Heats of mixing of metal halides with 4°26 g. of benzaldehyde. 








s 


Heat evolved, ca/s. 
a 
4 

Heat evo/ved, ca/s. 


iS 











iL i i 


0-5 10 15 
Weight of halide, g. 











0-5 10 
Weight of halide, g. 





8 


Heat evolved, ca/s. 
3 








i i 





0-5 10 
Weight of halide,g. 


_ Sodium aluminium chloride, NaAlCl,. Chlorobenzene was used as calorimetric liquid. The heat 
in this case was evolved during 15—30 minutes, that is, much longer than the usual 0-5—4 minutes 
required for complex formation. Only a trace of hydrogen chloride was evolved, so it is unlikely that 
there was any reaction between chlorobenzene, benzaldehyde, and sodium aluminium chloride. The 
Tesulting solution had a brown coloration and there was a dirty brown precipitate. The heat value 
givesQ = 15 kcals. per mole of NaAICl,. 


It seems very likely that complex formation occurs only after dissociation of the halide into sodium 
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chloride and aluminium chloride. The heat of dissociation has been measured by Plotnikov (J. Physical 
Chem. U.S.S.R., 1938, 12, 113): NaAlICl,——> NaCl + AICI, — 6-6 kcals. Assuming a zero heat of 
mixing of sodium chloride and benzaldehyde, we obtain 21-6 kcals. for the heat of formation of 
C,H,°CHO,AICI,, which approaches the value obtained directly. 

Aluminium bromide. iments were made: with both chlorobenzene and bromobenzene as 
calorimetric liquids. It was found that addition of aluminium bromide to chlorobenzene gave a golden 
solution which deposited a considerable amount of resin on standing; there was also a small positive heat 
of mixing. A very feeble reaction has, in fact, been reported by Copisarow and Long (J., 1921, 119, 442) 
Addition of aluminium bromide to bromobenzene gave a clear cherry-red solution, accompanied by a 
small temperature rise. There is no reaction in this case, according to Copisarow and Long. Experi- 
ments 134—137 were with bromobenzene and 140—143 with chlorobenzene as calorimetric liquid. The 
results are all shown on the same graph in Fig. la. The intercept of approximately —12 cals. is larger 
than the heat of solution of 4-26 g. of benzaldehyde in 60 c.c. of chlorobenzene (—5 cals.) or bromobenzene 
(measured as —5-7 cals.). The difference is due either to a heat of solution of the complex or to loss of 
halide by hydrolysis during the run. Each run resulted in a red-brown clear solution indicating that 
the complex was at least partly soluble; a trace of hydrogen bromide was evolved in some cases. From 
the slope we have Q = 36-0 kcals./mole of AlBrs. 

We assume, from molecular-weight determinations in benzene at similar concentrations (Ulich, 
Z. physikal. Chem., Bodenstein Festband, 1931, 423), that aluminium bromide is a dimer in solution in 
bromobenzene or chlorobenzene. Weassume that the complex formed is 1 : 1, by analogy with aluminium 
chloride. Thus we have '}Al,Br,(soln.) + C,H,-CHO(soln.) —>C,H,°CHO,AIBr,(soln.) + 36-0 kcals, 

Aluminium iodide. Chlorobenzene was used as calorimetric liquid. Addition of aluminium iodide 
to chlorobenzene gave only a very small rise in temperature with a slight red coloration, which a 
thiosulphate test showed to be due to a trace of free iodine. The end-product of these runs was a bright 
red solution with a red precipitate; the colour was prqbably due to liberated iodine. 

The intercept gives a positive heat of 6 cals., which may be due to a liberation of some free iodine, 
The slope gives Q = 42-4 kcals. per mole of All;. Since aluminium iodide is only sparingly soluble in 
benzene, and since it is dimeric in the solid state (Wells, ‘“‘ Structural Inorganic Chemistry,” Oxford, 
1945), the system may be written }Al,I,(s) + C,H,-CHO(soln.) —>C,H,°CHO,AII,(s) + 42-4 kcals. 

Ferric chloride. Chlorobenzene was used as calorimetric liquid. Addition of ferric chloride gave a 
small temperature rise with a slight yellow coloration; when kept for several days, most of the halide 
dissolved to give an orange solution. There is evidence (Thomas, Compt. rend., 1898, 126, 1211) that 
ferric chloride has a slow chlorinating action on chlorobenzene, but this is negligible during the time ofa 
run. The end-product was a clear red solution in all cases and no hydrogen chloride was evolved. A 
few specks of unchanged ferric chloride could be detected, but addition of a further 1 c.c. of benzaldehyde 
gave no additional rise in temperature. The values are S = —3 cals.; Q = 12-8 kcals. per mole of 
FeCl,. Since ferric chloride is dimeric in the solid state (Wells, op. cit.) and only sparingly soluble in 
chlorobenzene we may write }Fe,Cl,(s) + C,H,*CHO(soln.) —-> C,H,*-CHO,FeCl,(soln.) + 12-8 kcals. 

Ferric chloride and aluminium chloride. For certain cases Martin, Pizzolato, and McWaters (J. Amer. 
Chem. Soc., 1935, $7, 2584) suggest a combined complex, e.g., CgH,;*CO°C,H,-CH;,AlCl,,FeCl,. To 
examine this possibility for benzaldehyde, we investigated the addition of 4-26 g. of benzaldehyde toa 
mechanical mixture of the two halides. Col. 4, Table IV, gives fhe heat calculated from the previous 
values, assuming an additivity of action of the halides. It is seen to agree closely with the value observed. 
Clearly, there is no combined complex. 


TABLE IV. 
Aluminium and ferric chlorides. 


Run. AICI, (g.). FeCl, (g.). Calc. heat (cals.). | Obs. heat (cals.) 
161 0°279 0°317 84:0 85°7 
162 0°683 0°083 139°5 140°1 
_ 163 0-235 0-661 103-5 104-4 


Stannic chloride. Chlorobenzene was used as calorimetric liquid ; stannic chloride dissolved in it with 
considerable absorption of heat to give a clear colourless solution. There was no evolution of hydrogen 
chloride on addition of benzaldehdye and the end-product was a white complex precipitated from a 
colourless solution. Pfeiffer (Annalen, 1910, 376, 285) has previously isolated the complex as a white 
crystalline powder of formula 2C,H,*CHO,SnCl,. This formula is borne out by our own work described 
later. The values are: S = —10 cals.; Q = 28-0 kcals. per mole of SnCl,. The equation can be 
written SnCl,(soln.) + 2C,H,*CHO(soln.) —->» (C,H,*CHO),,SnCl,(s) + 28-0 kcals. 

Titanic chloride. Chlorobenzene was used as calorimetric liquid. Addition of titanic chloride to this 
liquid gave an absorption of heat and a pale yellow colour, and there was no evidence of reaction. The 
end-product consisted of an orange precipitate and a yellow solution, a trace of hydrogen chloride being 
evolved. There is a very large intercept of —30 cals., which might be due to a considerable loss of this 
very easily hydrolysed halide in each run: Q = 35-0 kcals. per mole of TiCl,. By analogy with stannic 
chloride, and other titanic chloride complexes, we write 

TiCl,(soln.) + 2C,H,-CHO(soln.) —> (C,H,°CHO),,TiCl,(s). 

Antimony trichloride. Chlorobenzene was used as calorimetric liquid. Addition of antimony 
trichloride to this liquid gave an absorption of heat and the halide rapidly dissolved to give a clear 
colourless solution, with no evidence of reaction. The complex was completely soluble, and no hydrogen 
chloride was evolved. We calculate: S = —5 cals. ; -9 kcals. per mole of SbCl . 

Menschutkin (J. Russ. Phys. Chem. Soc., 1912, 44, 1929) has isolated the complex and found it to be 
C,H,°CHO,SbCl,. Thus the equation is 


SbCI,(soln.) + C,H,*CHO(soln.) —> C,H,-CHO,SbCI,(soln.) + 3-9 kcals. 
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Antimony pentachloride. When antimony pentachloride was added to chlorobenzene, there was a violent 
reaction with evolution of hydrogen chloride and a large temperature rise, the result being a clear, dark 
red solution. Dry benzene gave a similar result, the solution being almost black. 

Addition of 5 c.c. of benzaldehyde to 60 c.c. of carbon tetrachloride gave a sudden fall in temperature, 
followed by a temperature rise attributed to oxidation of the benzaldehyde. The temperature rise 
was considerably reduced by addition of a trace of quinol, and the heat of solution was then measured 

—2% cals. 

* Therefore carbon tetrachloride plus a trace of quinol was used as calorimetric liquid. The intercept 
is —32 cals., greater than the aforesaid heat of solution. The complex was obtained as a white precipitate 
from a pale green solution : Q = 21-0 kcals. per mole of SbC],. 

Rosenheim and Stellmann (Ber., 1901, 34, 3377) have found the complex to have the formula 
C,H,CHO,SbCl,. Therefore SbCI,(soln.) + CsH,-CHO(soln.) —> C,H,*CHO,SbCl,(s) + 21-0 kcals. 

Zirconium tetrachloride. Chlorobenzene was used as calorimetric liquid. Addition of powdered 
zirconium tetrachloride gave a small temperature rise, the result being a suspension indicating a negligible 
solubility of the halide. The end-product was a white precipitate settling from a yellow solution, a trace 
of hydrogen chloride being evolved in some cases. The graph gives S = —5cals.; Q = 18-9 kcals. per 
mole ZrCl,. 

Zirconium tetrachloride is monomeric in the solid state (Hansen, Z. physikal. Chem., 1930, B, 8, 1). 
It is known to form 2: 1 complexes, e.g., (CgH,*CO*CH;),,ZrCl,, which are said to be stable only at low 
temperatures (Jantsch, J. pr. Chem., 1927, 115, 7). The benzaldehyde complex is stable at 25°. The 
system is ZrCl,(s) + 2C,H,*-CHO(soln.) —> (C,H,°CHO),,ZrCl,(s) + 18-9 kcals. 

Zinc chloride. When 5 c.c. of benzaldehyde were added to powdered zinc chloride in chlorobenzene, 
the temperature rose slowly for about one hour and the rate was not increased by the addition of either 
water or hydrogen chloride. It is probable that slow complex formation was occurring, as is known to 
be the case with benzophenone (Reddelien, Annalen, 1911, 388, 165). 

Boron trifluoride. me preliminary results were recorded with the etherate (C,H;),0,BF;, which 
dissolved in chlorobenzene without reaction. Addition of 5 c.c. of benzaldehyde gave no rise in temper- 
ature, suggesting that there is negligible displacement of ether by benzaldehyde. Addition of pyridine 
(shown in another paper to give very stable complexes) gave a temperature rise corresponding to about 
16 kcals./mole. Laubengayer and Findlay (J. Amer. Chem. Soc., 1943, 65, 885) give the heat of complex 
formation of the etherate as 12-5 kcals. per mole, and hence we conclude 

C,;H,;N,BF; > 12-5 kcals. > C,H,*CHO,BF;,. 

Beryllium chloride. Aslow temperature rise was observed when benzaldehyde was added to beryllium 
chloride in chlorobenzene, and most of the halide dissolved in about 4 hours, indicating slow complex 
formation. : 

Ferrous chloride. This wasa pale green powder which did not dissolve in, or react with, chlorobenzene. 
On addition of benzaldehyde there was a slow rise in temperature as the halide dissolved to a golden 
solution. 

Calcium chloride, mercuric chloride, stannous chloride, and aluminium fluoride. These halides gave 
no indication of complex formation with benzaldehyde at 25°. 

Hydrates FeCl,,6H,O, SnCl,,5H,O, and SnCl,,2H,O. These gave no indication of complex formation 
with benzaldehyde at 25°. 

Cuprous chloride and cupric chloride. Benzaldehyde added to cuprous chloride in chlorobenzene gave 
a slow temperature rise and formation of a blue-green colour. Cupric chloride gave only slight evidence 
for complex formation with benzaldehyde. 

Some of the foregoing results are summarised below. 


Collected results on complex formation. 


Halide. Q, kcals. /mole. Halide. Q, kcals. /mole. ide. Q, kcals. /mole. 
42°4 bop ncsvapnie 24°7 12°8 

m ? 

3°9 


Possible complex formation : Beryllium chloride, zinc chloride, ferrous chloride, cuprous chloride. 
No complex formation : Calcium chloride, mercuric chloride, stannous chloride, cupric chloride, 
aluminium fluoride. 


Errors.—We have noted that the calorimetry itself is accurate to 1%. The biggest error in the work 
certainly lies in the handling of chemicals, especially in the transference of halides to the calorimeter. 
This error can only be estimated from the reproducibility of results as shown by the graphs, and varies 
with the different halides. In this light the values of Q are probably accurate to +1 kcal. This error is 
likely to affect the order in the above list only in the case of aluminium bromide and titanic chloride. 

Group II.—In this series of experiments 60 ¢.c. of chlorobenzene were used as calorimetric liquid, and 
0-804 g. (0-0076 mole) of benzaldehyde. 

Consider the case where the halide MX, exists as a monomer and forms a 1 : 1 complex with benz- 
aldehyde. If a is the initial concentration of MX,, b of benzaldehyde, and x is the concentration of 
complex formed at equilibrium, all concentrations being in moles/reaction volume, then an equilibrium 
constant may be written for the above equilibrium, | 


ae ES ON aati A aes ok a ee ce (2) 
whence *=3a+6+1/Kiv(a+b+1/K)?—4ab) . . ... . (3) 
In the first place we have calculated this equation for the fixed value of b = 0-0076 as used in our 
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experiments, and a series of values of K, the results being shown in Fig. 2. For the higher values of K the 
curve flattens out at a = b, x approaching b. 


In attempting to analyse a given experimental curve we assume that the amount of complex formed 
() is proportional to the amount of heat evolved in cals., H; i.e., * = cH, so that 


K=cH/(a—cH)(b-—cH) . .- +--+. .+... 
— K is large and b > a, as in the Group I runs, we can replace b — * by b — aasan approximation, 
an 
K = cH |(a — cH)(b — a) ee ee ee a 
Thus, from two points (H,a,, H,a,) on a graph for Group I results, we can calculate c, since 
. ¢ = [Hya,(b — a,).— Hya,(b — a,))/HyH,(a,—@,) - - - - - « . & 


Such a value of c can then be used to obtain K from Group I results and equation (4). 
It is not possible accurately to allow for dissociation of a dimer such as Al,Cl,. Here we have two 


equations : 
Al,Cl, == 2AlCl, (K,) 
AIC], + C,H,;CHO ==> C,H,°CHO,AICI, (K;) 
The “ initial concentration ’’ of AICI, will be V/K,a, where a = [Al,Cl,]. Then equation (2) becomes 
K, = cH|(VKya —cH)\(b-—cH) « . . ..... ( 
We have now two unknown constarfts K, and K, which are not obtainable without further information. 
Fic. 2. 


Equilibrium curves for AlCl, and SbCl,-C,H,*CHO systems. 
0-0076 
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5 0-004 0-008 =—s«-ON2 0-016 
Moles of halide,a. 
In a case like stannic chloride we have good reasons to expect SnCl, + 2C,H,-CHO => 
(C,H,;*CHO),,SnCl,. With the same symbols, 


K = 2/(a — x)(b — 2x)?. (8) 


It is possible to estimate K from experimental data in the following manner. K(a — %) is calculated 
for the actual b value of b = 0-0076 : 
K(a — *) = «/(b — 2x)? 


Thus, we first tabulated K(a — x) for a range of values of x from 0-0001 to 0-0037. The maximum value 
of x is* =.b/2 Wecould then calculate the x/a relation for a series of K values, viz., K = 105, 10, 10’, 
and 10%. (These, of course, are chosen to cover the range required.) The a—% curves are plotted in Fig. 3. 
In any actual case we can estimate K to an order of magnitude by comparison of the observed curve 
with the form of the calculated curves. 

It is clear that for the two higher values of K the a—% curve flattens out at a = b/2 = 0-0038. 

To summarise : (1) Group I experiments, b > a, enable us to calculate the proportionality constant ¢ 
for the heat evolved H; i.e.,c = %*/H. (2) Group II experiments, b ~ a, together with the value of 
c above, lead to a value of K. Additionally, at least in the case where K is large, it should prove easy 
to determine the molecularity of benzaldehyde in the complex, since the curve of H or x against a should 
flatten out at either a = b for 1 mole or a = b/2 for 2 moles of benzaldehyde. 

Aluminium chloride. In Fig. 4 we have the plot of H against moles of a. These are obtained from 
the results of Group I by simply correcting for the heat of solution; that is, adjusting the graph so that 
it goes through the origin of co-ordinates. We have 


a, = 0-005; H, = 127-2 cals. a, = 0-002; H, = 51-2 cals. 


Substituting in equation (6), we obtain c = 0-0000361 mole/cal. Substituting back in equation (4) for 
a, and H, gives K = 314. 
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Alternatively, it appears from Fig. 2, where we compare the theoretical curves for b = 0-0076 and 
various values of K with the experimental curve for b = 0-0076, that K ~ 1000. With this value of K 
we can construct a—* curves from equation (2) for b = 0-0402. The result is : 


BE cniceteenees OOM 0°002 0-005 0-01 0°015 0°02 
W: achacttevesscce. “OUR 0-00191 0-00486 0°00965 0°0143 0-019 


Referring to the ee graphs for b = 0-0402 in Fig. 4, we obtain a = 0-005 for H = 127-2; 
whence x = 0-00486, = 127-2, and c = 0-00486/127-2 = 0-0000382 mole/cal. It is clear that the 
value of c is rather insensitive to K values. 

The results of the runs with b = 0-0076 are shown in Table V. The “ corrected heats ”’ are corrected. 
for the heat of solution of the 1 c.c. of benzaldehyde in 60 c.c. of chlorobenzene. 


TABLE V. 


a, Heat 
moles. (cals.). 


Aluminium chloride. 
0°00143 . . . 0°0147° 
0°00244 
0°00423 
0°00293 
0°00441 
0°00605 
000886 
0°01027 
0°0117 
0°00739 


0:00398 
0°00204 
0°00692 
0°00493 
0-00728 
0°00958 
0°0147 

0°0184 


SAwe IEE 
AAKAdaAMdSe 


Ferric chloride. 
0°00230 22-7 
0°00280 28-2 
0-00429 38°3 
0°00507 39°7 
0°00757 46°8 
0°00840 47°5 
0°00154 15°4 
0°0107 47°7 


Stannic chloride. 
0°00419 
0-006 16 
0°00277 
0°00186 
0°00653 
0°00395 
0°00482 
0°00545 
0°00830 
0°00916 

434 ° 0°00225 


mooooooeo 

ar nwoec ac 

aoore-i aa | 
oa 


o 


The last colymn, AT, is a measure of the temperature rise when a second c.c. of benzaldehyde was 
added. It indicates how far the original reaction had gone to completion. 

In Fig. 2 we show a graph of a against x for b = 0-0076, and it is clear that until the equivalence 
point a = b is approached, the curve follows closely the theoretical K = 1000. Near the equivalence 
point the experimental curve flattens out abruptly and x is too small for a given value of a. This may 
well be due to lack of the dimerisation term and really we should use equation (7), which, as we have 
already mentioned, cannot be solved. A semi-empirical method may be used. The heat of dissociation 
of Al,Cl, is 28 kcals. per mole. We assume complete dissociation of Al,Cl, to 2AICI, up to the equivalence 
point b = 0-0076. Up to this value we must therefore add on the heat of dissociation to provide corrected 
values for AIC], + C,H,,;CHO —>C,H,°CHO,AICl,. Above this value we may neglect any further 
dissociation of Al,Cl,. After correcting the curve for 0-042 mole of benzaldehyde in this way we calculate 
¢ = 0000024 mole/cal. This result has been used to calculate curve bd in Fig. 5. 
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If K = 1000, then the true value of K, K,, is KV, where V = 0-06 litre, the volume of the reaction 
space. This gives AG° = — RT In K, = —2440 cals. (298° K.) and hence AS = —75 cal. deg.mole1 
which seems very large. The values of AG° and AS° so calculated correspond to the concentrations, ia 
moles per litre, in the equilibrium constant. By flattening out at a = b, the experimental curve strongly 
supports the idea of a 1 : 1 complex. 

Fic. 3. 


Equilibrium curves for (CgH,°CHO),,SnCl, complex. 
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Fie. 4. Fie. 5. 
Corvected heats of mixing of metal halides with Equilibrium curves : 
4:26 g. of benzaldehyde. (a) AICI, + C,H,-CHO —> C,H,°CHO-AICI,. 
_ (b) With allowance for the dissociation 
Al,Cl, —> 2AlC],. 
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Antimony trichloride. From the Group I, b = 0-0402, runs in Fig. 4, we calculate c = 0-000294 
mole/cal. We have used this value to derive x from H in the runs with b = 0-0076, given in Table V, 
and hence to plot a graph of # against (a — x) (b — x) in Fig. 6. An approximate straight line results, 

“and from the slope K = 155. Using equation (2), we can then calculate the x-a curve with the values of 
cand K already determined, and the theoretical curve in Fig. 2 is seen to agree closely with the experimental 
curve. This analysis gives strong support to the idea of a 1:1 complex. We may calculate 
AG° = — RT In K, = —1300 cals., to compare with the previously measured AH = —3900 cals. 

Ferric chloride. The constant c is found from Fig. 4 for b = 0-0402, in the same way as for aluminium 
chloride. We have c = 0-000068 mole/cal. 

The runs for b = 0-0076 are shown in Table V, and plotted in Fig. 7. According to the initial slope, 
the ferric chloride curve should have K ~ 500, but in fact it falls much below this, flattening out at the 
1: 1 ratio of ferric chloride to benzaldehyde. Since ferric chloride is known to exist as the dimer, the 
reason is probably the same as for aluminium chloride, but in the absence of a knowledge of the heat of 
dissociation it is not worth while to try to apply a correction. , 
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Stannic chloride. As for aluminium and antimony chlorides, we first calculate c from the experimental 
curve of Fig. 4 for b = 0-0402. Two points are taken : 

a, = 0-004; H, = 1175 a, = 0-002; H, = 59-0 
and c calculated from K = cH/(a — cH) (b — 2a)*, whence c = 0-0000334. 

The heat values for b = 0-0076 are shown in Table V, together with derived values of x. In Fig. 3 
we compare the experimental s—a curve with theoretical curves for various K values. Agreement is 
found with the cases where K = 10*—10*. This high K value is borne out by the fact that addition ofa 
second c.c. of benzaldehyde gives no further heat evolution until the equivalence point (2 = 0-0038 
mole) is passed. The agreement bears out that the complex is (CsH,-CHO),,SnCl,. 


Fic. 6. Fic. 7. 


Complex formation between SbCl, and Equilibrium curves for 
C,H,°CHO. FeCl, + C,H,CHO —> C,H,°CHO,FeCl,. 
4 0:0076 
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We may calculate AG° = —RT In K, = —RT In KV? ~ —7600 cals., to be compared with 
AH = —28,000 cals. The corresponding AS value of about —68 cals. per degree per mole is very high, 
but not unreasonably so as in the aluminium chloride case, since the freedom of motion of two benzaldehyde 
molecules is effectively frozen out in the complex. 


DISCUSSION. 


The experiments of Group II may be regarded as substantiating our assumptions about the 
molecularity of the complexes, as already given in the description of the Group I experiments. 
The agreement between the observed curves and curves calculated on the basis of an equilibrium 
gives ample support to the notion that the complex is very slightly dissociated in chlorobenzene 
solution: C,H,,;CHO + MX, ==> C,H,°CHO,MX,,. 

In the case of stannic chloride and antimony trichloride, excellent agreement is obtained 
between observed and calculated curves. For aluminium and ferric chlorides the agreement is 
not so good in that the experimental curve flattens out (at the equivalence point) more than 
theory would lead one to expect. The effect in these two cases is probably in part due to the 
neglect of the primary stage (MX,,), == 2MX,,. 

The value for the equilibrium constant K from the Group II experiments is probably 
a lower value, and the method can only give at best the order of magnitude of K. Table VI 
shows that the catalysts in order of K values agree with the order of the AH® values, but that 
the AS° values derived from (AH° — AG°)/T are excessively high in the case of aluminium 
chloride, since the total third-law entropy of benzaldehyde per mole is only 57 cals. 


TaBLe VI. 


Complex. —AH, kcals. K. Ky. —AG°, kcals. —AS°, kcals. 
CoH, CHO) ,,SmCl, .......0000 28-0 ~ 108 36 x 105 
etig’CHO, AIC], ......... 200000 24°7 ~108 60 
CyHyCHO,FeCl, ..........00005 12°8 ~500 30 
C,H,°CHO,SbCI, ............... 3-9 ~150 9 


These data, in spite of the large uncertainties in AG, enable us to see that the formation of 
the benzaldehyde complex will make more favourable the free-energy change in the Gattermann- 
Koch reaction. At the same time, the large negative values of AH, which are known accurately, 
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show that the equilibrium yield of benzaldehyde may be expected to decrease strongly with 
rise in temperature. 

For aluminium chloride we can calculate a new set of equilibrium constants based on the 
total free-energy change. Equation (1) is used without including the specific heat terms, ang 
corresponding yields are obtained as follows. Consider the overall reaction, 

C,H, + CO + 3Al,Cl, => C,H,°CHO,AICI, 
If a and b are the initial concentrations of benzene and aluminium chloride respectively in 
moles/litre and x is the concentration of complex formed, KPoo = */(a — x) (b — x) where 
Peo is the partial pressure of carbon monoxide. In Part II, experiments are carried out under 
the following conditions: a (pure benzene) = 114 moles/litre, b = 0°667 mole/litre, P,, = ; 
atm. Hence the above equation approximates to KPgg = */a(b — x). From this, x is easily 
calculated and hence the mole-% yield based on aluminium chloride, z.e., 100%/b. The results 
are tabulated in Table VII. This shows that a very high yield is possible with aluminium 


TaBLeE VII. 
Calculated equilibrium constants and yields for aluminium chloride. 


Tg Mh. ccccccccececsecccceseseccssces 323 373 

BIS  cccrerccccsecoceyecceececcocesces 2360 7630 

Ee sninitihstsicsticiahiigiinrawmspee . 0-026 36 x 10% 

VEeEd, % sceccecce ccnsec ccs sce ccs ‘ 16°5 0°027 
chloride at room temperature although there is probably considerable error in the values quoted 
for the total free-energy change. A similar calculation at 298° k. gives for stannic chloride 
100%; ferric chloride, 88%; and antimony trichloride 68°5% yields. 

It is further possible to obtain on certain assumptions the energy E of formation of the bond 
between benzaldehyde and the halide, in the gas phase, that is, the bond energy. The following 
cycle is used for aluminium chloride, and appropriately modified cycles are used for those halides 
which do not exist as dimers, or which take up two molecules of benzaldehyde. 


20 
Al,Cl,(s) + 2C,H,*CHO(soln.) —> 2C,H,-CHO,AICI,(s) 


a — 2b 


Al,Cl,(g) 2C,H,-CHO(1) 


oo 

2A1Cl,(g) + 2C,H,-CHO(g) pM 2C,H,°CHO, AICI,(g) 
where Q = measured heat of complex formation, D = heat of dissociation of Al,Cl,, E = bond 
energy of C,H,*CHO-AICI,, a = heat of sublimation of Al,Cl,, b = heat of solution of C,H,-CHO 
in C,H,Cl, d = heat of evaporation of C,xH,-CHO, and c = heat of sublimation of complex 
(neglecting any partial solution of the complex). 

Then 2E = 20+ a+ 2d — 26+ D— 2. 

We may neglect 6. Although a (27 kcals.) and d (9 kcals.) are considerable, one can only 
assume at present that they tend to cancel the unknown term c (Mr. H. Watts in our laboratory 
is endeavouring to measure this in the more suitable case of pyridine-aluminium chloride). 
Then approximately E = Q + D/2. 

Smits and Meijering (Z. physikal. Chem., 1938, B, 41, 98) have found for aluminium chloride 
D = 28 kcals. Fischer and Rahlfs (Z. anorg. Chem., 1932, 205, 1) found D = 26°5 kcals. for 
aluminium iodide. Since ferric chloride vapour dissociates at a comparable temperature to 
aluminium chloride (Mellor, ‘“‘A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry,’ London, 1935, Vol. 14, p. 46), we assume the same D, i.e., 28 kcals. In this way 
_ we have calculated the following table of bond energies. 


Bond energy of complex. 


Bond energy Bond energy Bond energy 
Halide. (kcals.). 


Later we propose to discuss these values in terms of the nature of the co-ordinate link, but 
at present our main interest is to use them in a discussion of kinetic data. 


THE UNIvERsITY, BRrIsToL. (Received, January 31st, 1949.) 
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550. The Gattermann—Koch Reaction. Part II. Reaction Kinetics. 
By M. H. Ditke and D. D. ELeEy. 


A study of the reaction C,H, + CO —>C,H,°CHO has placed the catalytic halides in the 
following order of decreasing activity: AJBr,, AlI,, AICl,, FeCl,, while TiCl,, SnCl,, and 
SbCl, are practically inactive. The promoting action of Cu,Cl, is shown to be relatively small. 
The synthesis with AIBr, is first order with respect to benzene, the effect of tem ture on the 
yields being small up to 30°, above which there is a sharp fallin yield. The fall is shown to be 
due to decomposition of C,H,-CHO, the complicated time course of which suggests the presence 
of side reactions. The slowing effect of nitrobenzene as solvent, together with conductivity 
measurements, suggests that the HCO* ion is provided by HCl + CO + AIBr, => HCO? + 
AIBr,ClI~ and that the reaction velocity is determined by HCO* + C,H, —->C,H,°CHO + H*. 
The presence of Cu* ion may assist the supply of HCO*. 

A tentative correlation is ible between the catalyst order and the order of the catalyst- 
benzaldehyde bond energies determined in Part I. Such a correlation finds an explanation in 
theoretical work by Ogg and Polanyi. 


In this paper we examine the kinetics of the Gattermann—Koch reaction, and investigate the 
behaviour of a number of catalytic halides. Later we discuss the efficiency of the different 
catalysts in the light of the thermochemical data of Part I. 


EXPERIMENTAL. 


The reaction vessel is shown in Fig. 1. It consisted of a glass tube 30 cm. long by 5 cm. wide, and 
was closed by a ground-glass joint which carried inlet and outlet tubes, thermocouple pocket, and 
mercury-seal stirrer. The gases passed through 
calcium chloride tubes C, and C,, and capillary flow- Fic. 1. 
metres F, and F,, before entering the vessel. The Reaction vessel. 
mixed gases left through flow-meter F, and calcium 
chloride tube C,. The flow-meters were calibrated, 
and from the difference in readings on inlet and 
outlet sides the amounts of gas absorbed in the 
reaction vessel could be calculated. The reaction 
vessel was immersed in a Dewar flask containing 
water, the temperature of which was manually con- 
trolled to +0°5°. The temperature of the reaction 
mixture was followed by a copper—constantan thermo- 
couple and micro-ammeter. 

e method of experiment was to fill the reaction 
vessel with 150 c.c. of benzene, and a weighed amount 
of i. -F (usually 0-1 g.-mole. reckoned as mono- 
mer). In cases where a promoter such as cuprous 
chloride was used, 0-02 g.-mole was added. The 
vessel was assembled, and first, hydrogen chloride 
was passed in at 30 c.c./min. for 30 minutes; next, 
nitrogen and hydrogen chloride were passed in at the 
tate at which it was intended subsequently to pass 
carbon monoxide and hydrogen chloride, usually 20 
c.c./min. and 10 c.c./min., respectively. When total 
outflow equalled total inflow and the benzene was 
saturated, the nitrogen flow was switched over to 
carbon monoxide, and the flow carefully controlled 
by hand for the rest of the run. Control was possible 
to +1 c.c./min. and mean rates of flow are recorded in 
the tables. Using this technique it was possible to measure any absorption of carbon monoxide in the 
initial stages of the reaction. 

After a given time, nitrogen was passed through to remove excess of hydrogen chloride and carbon 
monoxide, the reaction vessel was removed, and its contents were poured on 200g. of ice. A few crystals of 
quinol were added to prevent oxidation of benzaldehyde, the solution neutralised with sodium carbonate, 
and steam-distilled until no further benzaldehyde could be detected in the distillate by the f-naphthol 
test (originally suggested to us by Dr. D.C. Pepper). 5 C.c. of the distillate were shaken with 5 c.c. of a 
1% solution of B-naphthol in benzene, the benzene layer separated, and three drops of concentrated 
sulphuric acid added to it. After 5 minutes the colour of the ring develo in the bottom of the test 
tube gave a measure of the benzaldehyde concentration, viz., 1 in 500, black; 1 in 5000, red; 1 in 50,000 
orange; zero, yellow. 

The benzaldehyde in the distillate was determined by a modification of Holloway and Krase’s 
method (Ind. Eng. Chem., 1933, 25, 497). The benzene was taken off over a 7-plate column, the distillate 
being shown by test to be free from benzaldehyde. Addition of 50 c.c. of alcohol then sufficed to make the 
residue homogeneous, after which it was made up to 250 c.c. or 500 c.c. with distilled water. 25 C.c. of 
this solution were added to excess of hydroxylamine hydrochloride, and the hydrochloric acid liberated 
titrated against n/20-sodium hydroxide, with bromophenol-blue as an internal indicator. Blank 
titrations were made on the reagents used. The accuracy of the method was tested by adding known 
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weights of benzaldehyde to the reaction vessel with benzene and catalysts, and carrying out an estim. 
ation: Run 0; benzaldehyde, added 1-03 g.; found 1-05 g. Run 16; benzaldehyde, added 1-03 g.: 
found 0-998 g. om 

In the runs with 75 c.c. of benzene and 75 c.c. of nitrobenzene, after ice-treatment and steam-distij. 
lation, the distillate contained benzene, nitrobenzene, benzaldehyde, and water. Experiment showed 
that practically all the benzaldehyde was in the non-aqueous layer, so this was separated and after 
further extraction of the aqueous layer with benzene the extracts were united and made up to 250 cc 
in a graduated flask. 25 C.c. were added to excess of hydroxylamine hydrochloride, and the liberated 
hydrochloric acid was titrated against n/20-sodium hydroxide, methyl-orange being used as it was not 
masked by the colour of the nitrobenzene. Because of the phase difference, the hydrogen chloride was not 
liberated immediately, but successive titrations showed the reaction to be complete in about 36 hours 
The accuracy of the method was determined as + 5% on blank runs, and this sufficed for our purposes. _ 

In addition, the velocity of decomposition of benzaldehyde by aluminium bromide was studied jn 
benzene solution under conditions of concentration and temperature closely analogous to those resulting 
from the synthesis. The procedure was to deliver 1-05 g. of pure benzaldehyde from a calibrated pipette 
into a mixture of 13 g. of aluminium bromide and 75 c.c. of benzene. The components were then stirred 
in the reaction vessel for various times. The resulting solution was poured on ice, and steam-distilled 
and the benzaldehyde extracted with benzene and titrated by the hydroxylamine hydrochloride method. 

Materials.—Catalytic halides. See Part I. [For some experiments the aluminium bromide was 
freshly prepared by dropping bromine on heated aluminium and distilling the product. Free bromine 
was removed by pumping in a vacuum-desiccator (Winter and Cramer, Ind. Eng. Chem., 1940, 32 856).] 

Benzene. ‘ Thiophen-free ’’ benzene was washed with concentrated sulphuric acid, then with 
water, dried (CaCl,), and fractionated. 

Carbon monoxide was taken from a cylinder supplied by I.C.I. Ltd. Hydrogen chloride was prepared 
by the action of sulphuric acid on ammonium chloride in a Kipp apparatus, and passed through a wash- 
bottle containing sulphuric acid. 

Nitrobenzene. The B.D.H. product was dried (CaCl,) and distilled. 


TABLE I. 


Synthesis of benzaldehyde. 


Catalyst Promoter Rate of Rate of 
d and Time 
wt. (g.). (hrs.). 


(a) 150 C.c. of benzene used. 
— 6 22 10 
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Cuprous halides. These were prepared by e of sulphur dioxide into a solution containing 
cupric sulphate and the appropriate sodium halide. The white pone was filtered off, washed with 
sulphurous acid solution, and dried in a vacuum-desiccator. Silver chloride and sulphate were pre 
from silver nitrate and the appropriate sodium salt. B.D.H. mercurous chloride and mercuric chloride 


sed. 
Wer renzaldehyde. The B.D.H. product was dried (CaCl,) and distilled. 
Results.—The results obtained are listed in Table I. The yield in the last column is calculated on the 
weight of catalyst used in the reaction. All runs in Table I (a) were made with 150 c.c. of benzene. 
Decomposition of Benzaldehyde.—The rate of decomposition is only appreciable above 30°. The 
results are given in Table IT. 
TABLE II. 
Decomposition of benzaldehyde on aluminium bromide. 
C,H,-CHO Decompn., Log 
Time (hrs.). . 103/T. remaining (g.). ‘. decompn. 
a “864 . eat 
3°10 : P 1-76 
3-25 
3°42 


. . 1-16 


0 
0 
<= 0° . pom 
0 
0 
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Synthesis of Benzaldehyde.—It will be convenient to discuss the results with each catalyst separately. 

Aluminium chloride. Run 3 was with commercial aluminium chloride and gave no observable 
carbon monoxide rs and a negligible yield of benzaldehyde. Run 4 with 0-1 g.-mole of similar 
aluminium chloride and 0-02 g.-mole of cuprous chloride still gave a negligible yield, but summation of 
the flow-meter readings indicates a monoxide absorption of about 450 c.c., 1.e., 0-02 g.-mole, which 
suggests the formation of Cu,Cl,,2CO. Run 19 with aluminium chloride freshly sublimed in hydrogen 
chloride and cuprous chloride as promoter gave a 3% yield of benzaldehyde, comparable with Hey’s 
yield under similar conditions but at 45° (J., 1935, 72). Titanic chloride has been reported as a promoter 
when a high pressure of carbon monoxide is used (B.P. 334,009) but Expt. 18 shows that it does not 
assist in the formation of benzaldehyde at atmospheric pressure. 

Stannic chloride. Runs 6, 7, and 9 show that there was no yield of benzaldehyde and no absorption 
of carbon monoxide in the presence or absence of promoter. In run 14, 0-5 c.c. of water was added, but 
there was still no yield. 

Titanic chloride. Runs 8 and 17 show that neither in the absence nor in the presence of promoter 
was there any yield of benzaldehyde or absorption of carbon monoxide. 

Antimony pentachloride. Run 15, with cuprous chloride addition, gave no absorption and no yield. 
A small quantity of chlorobenzene was formed during the run. 

Ferric chloride. By itself ferric chloride gave only a negligible yield, but in the presence of cuprous 
chloride there was 0-5% yield. No carbon monoxide absorption was observed in either case. 

Aluminium iodide. Unfortunately, in runs 5 and 20, there was considerable decomposition of the 
aluminium iodide by the passage of hydrogen chloride, and the iodine evolved blocked the exit flow- 
meter, so the carbon monoxide absorption could not be measured. There was a yield of about 17-5% 
of benzaldehyde in these experiments. Run 22 was carried out with benzene saturated with hydrogen 
iodide, in the absence of hydrogen chloride, and there was only a very small yield. Although aluminium 
iodide is hardly ever mentioned as a Friedel-Crafts catalyst, a patent for its use in the Gattermann- 
Koch synthesis was taken out in 1899 (D.R.-P. 126,421). 

Aluminium bromide. Run 25 was carried out with aluminium bromide freshly prepared by Winter 
and Cramer’s method. The aluminium bromide was partly soluble in benzene, and ——- of hydrogen 
chloride prelimin to the run resulted in a black oily complex (cf. Norris and Ingraham, J. Amer. 
Chem. Soc., 1940, 62, 1298). No accurate measurements of carbon monoxide absorption could be made 
in this system since aluminium bromide or its decomposition products distilled into the exit flow-meter, 
in spite of intermediate traps of glass-wool and concentrated sulphuric acid. The yield in this particular 
Tun was 30-4%. Subsequently the effects of tem ture, time, etc., were studied with amounts of 
aluminium bromide all from the same B.D.H. sample. 

Runs 38, 37, 26, 24, and 23 give the time course of the synthesis at 20°. Fig. 2 shows that the reaction 
is of first order over the initial stage. If a is the initial number of moles of benzene, 1-69 in all cases, x 
the number of moles of benzaldehyde at time ¢, and a—* the unchanged benzene, then for the reaction 
to be of first order in benzene 


d«/dt = K(a— *) and 2-303 log,,a/(a—*)= Kt . ..... . (i) 


_ The slope of the line in Fig. 2 gives K = 4-9 x 10 min. Holloway and Krase (loc. cit.), working 
in the absence of added hydrogen chloride, also found a first-order reaction with deviations in the later 
stages. This deviation is not due to the presence of a reversible reaction, since we found later that 
decomposition of benzaldehyde is negligible at this temperature. It is probably due rather to solubility 
effects. Unlike Holloway and Krase, we do not find an induction period; their induction period 
probably resulted from the need to build up a concentration of hydrogen chloride by the action of traces 
of moisture on the aluminium chloride. In our case the solution was saturated with hydrogen chloride 
before the experiment started. 

Runs 34, 33, 36, 24, 31, 29, and 32 demonstrate the effect of re ye on the reaction velocity, as 
measured by percentage yield after 4 hours. They are plotted in Fig. 3. There is a strong decrease in 
yield with increase in temperature above 30°. 
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Runs 39 and 40 show the need for a continuous stream of hydrogen halide, a mere initial Saturation 
being ineffective. In run 50 the use of wet benzene produced a 3% yield; presumably a continuous 
supply of hydrogen bromide resulted from the slow hydrolysis of the aluminium bromide. 

un 27 shows that cuprous chloride acts as a promoter, increasing the yield from 27 to 35% 
Although later work has shown that the system AlCl,-Cu,Br, absorbs carbon monoxide, run 4] shows 
that cuprous bromide does not act as a promoter in the synthesis. 

Nitrobenzene as Solvent.—Nitrobenzene forms a stable complex with aluminium chloride, the heat 
of formation as measured by us being about 8 kcals./mole of AICI,. Since the heat of formation of the 
complex between aluminium chloride and benzaldehyde is 24-7 kcals., then neglecting entropy differences 
we should expect the reaction C,H,*NO,,AICI, + C,H,,>CHO —>C,H,°CHO,AICI, + C,H,*NO, : 
to go almost to completion. Since the nitrobenzene brings the aluminium chloride into solution, we 
might expect the use of nitrobenzene as solvent to increase the yield. Table I(b) shows that with 
aluminium chloride the yield is very small, and that with aluminium bromide yields are reduced by a 
factor of 10. The effect may arise from an activation energy for the complex displacement reaction 
above, or it may be due to an increase in dielectric constant of the bulk solvent (Eyring, Glasstone 
and Laider, ‘‘ Theory of Rate Processes,’’ New York, 1941, p. 442). Other cases are known where the 
use of nitrobenzene slows down a Friedel-Crafts reaction, and recently Fairbrother (J., 1941, 293) has 
found that it decelerates the exchange of radioactive bromide between inorganic and organic halides, 


Fic. 2. 


Synthesis of berzaldehyde using AlBr, : first 
order with respect to benzene. Fic. 3. 
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Promoter Action.—Gattermann and Koch (Ber., 1897, 30, 1622) suggested the use of cuprous chloride 
as promoter, since it was known to absorb carbon monoxide under certain conditions. We have en- 
deavoured to define these conditions more precisely and to investigate the possibility of using other 
promoters. It is known that solutions of cuprous chloride in aqueous hydrochloric acid or ammonia 
will absorb carbon monoxide in the ratio 2CO,Cu,Cl,, but that dry cuprous chloride will not absorb 
it at atmospheric pressure. It has been shown in this paper that cuprous chloride in benzene in the 
presence of aluminium chloride will absorb carbon monoxide in the ratio 2CO,Cu,Cl,, and in run 27 
it was shown that the system AlBr,—Cu,Cl, also absorbed carbon monoxide. In no other case was there 
any absorption of carbon monoxide, although such systems as SnCl,~Cu,Cl,, TiCl,—Cu,Cl,, FeCl,—Cu,Cl,, 
SbC1,—Cu,Cl,, and HCl-Cu,Cl, were investigated, all in benzene solution. Because of their relationship 
to cuprous chloride, silver chloride and mercurous and mercuric chlorides were all investigated, but there 
was no absorption of carbon monoxide, either alone in benzene or with aluminium chloride in benzene. 
Silver sulphate absorbs carbon monoxide in concentrated sulphuric acid (Manchot and Ké6nig, Ber., 
1927, 60, 2183), but this is not the case in benzene with aluminium chloride. Runs 42 and 43 showed that 
Cu,Br,-AlCl, will absorb carbon monoxide, but Cu,I,—AICI, will not do so. Although cuprous bromide 
is not usually quoted as an absorbent for carbon monoxide, it is known that in common with cuprous 
chloride it will absorb ethylene under pressure (Gilliland, Seebold, FitzHugh, and Morgan, J. Amer. 
Chem. Soc., 1939, 61, 1960). There is no reference to cuprous iodide absorbing either of these gases. 

It seems very evident from these runs that carbon monoxide is absorbed only when the cuprous halide 
has formed a complex with the catalyst. Thus, carbon monoxide plus hydrogen chloride passed through 
aluminium chloride alone gave little change, but in the presence of cuprous chloride a brown complex 
was formed on the surface of the aluminium chloride which was partly soluble in benzene. When 
carbon monoxide plus hydrogen chloride was passed into aluminium bromide in benzene, a black oil 
was first formed at the bottom of the vessel, but in the course of the run the whole solution became black 
and apparently homogeneous. Cuprous chloride seemed to make no difference in this case, but both 
this salt and — bromide are known to give complexes with aluminium bromide soluble in organic 
solvents (Plotnikov, J. Gen. Chem. Russia, 1933, 3, 208). It is our theory that the complex Cu*[AICl,)” 
precedes the absorption, and that then Cu*+(CO) is formed. This view finds some confirmation i 
conductance work described later. 
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The Decomposition of Benzaldehyde.—The decreased yields above 30° might be attributed to a true 
thermodynamic effect or to decomposition of benzaldehyde by a side reaction. Thus, Hey (jJ., 1935, 
72; 1938, 1847) and Schaarschmidt (Ber., 1925, 58, 1914 found that benzaldehyde reacts with benzene 
in the presence of aluminium chloride at high temperatures to give anthracene and triphenylmethane. 
Similarly, they found that when carbon monoxide and hydrogen chloride are passed into boiling benzene 
with aluminium chloride or bromide, no benzaldehyde is obtained, but only anthracene and triphenyl- 


methane. 

Table II shows that the decomposition of benzaldehyde with aluminium bromide is only appreciable 
above 30°, and Fig. 4 shows percentage decomposition against time at 50°. These results do not fit a 
first- or second-order law, suggesting a complex decomposition. Hey (loc. cit.) suggests that the initial 
stage in anthracene formation is C,H,-*CHO —~>-CO + C,H,, but this would require first-order kinetics, 
so there may be further side reactions. Taking the decomposition in 4 hours as a rough measure of the 
velocity constant k, we have plotted an Arrhenius curve for the system (Fig. 5) which gives an activation 

of 11,000 cals. 
oTlectrical Conductance.—Conductivity changes during the Gattermann—Koch reaction have been 
followed to investigate any ionic intermediaries, a method previously applied by Wertyporoch et al. 
(Ber., 1931, 64, 1357) to other Friedel-Crafts systems. 


Fic. 4. Fic. 5. 


Decomposition of benzaldehyde with Arrhenius line for the decomposition of 
AIBr, at 50°. benzaldehyde with AlBry. 
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A conductivity cell with smooth platinum electrodes, area 3-6 sq. cm., separation 1-6 cm., cell constant 
0-2, was used with an A.C. bridge working over the range 10,000 (accuracy 3%) to 10 MQ (10%). 
The frequency used was 1000 cycles and the cell was kept at 25° + 0-1° in an oil-thermostat. 

The specific conductivity x of the benzene used in the cell was found to be 7 x 10°. Addition of 
aluminium bromide (20 g./150 c.c.) yielded a light-red solution with little change of conductivity, 
x«=8x 10°. This agrees with Wertyporoch and Adamus (Z. physikal. Chem.., 1933, 168, 31), who 
givex ~ 10%. When hydrogen chloride was passed into this solution the usual two layers were formed ; 
the upper yellow layer had « = 5 x 107 and the lower layer had « = 3 x 10° (cf. Wertyporoch, 
«= 10%). On passage of carbon monoxide (20 c.c./min.) and hydrogen chloride (10 c.c./min.) into the 
solution, it slowly became homogeneous and the resistance fell. A similar experiment with an aluminium 
bromide concentration of 6 g./150 c.c. is shown in Fig. 6. These results suggest that ions are formed, 
probably by HCl + CO + AIBr, => HCO*+ + AIBr,Cl-. However, a similar result was obtained with 
carbon monoxide in the absence of added hydrogen chloride, but a trace of hydrogen bromide was certainly 
present owing to hydrolysis. 

In another run the reaction vessel contained 5-6 g. of aluminium bromide, 2-1 g. of cuprous chloride, 
and 150c.c. of benzene. On stirring, this system gave a conducting solution, although not all the cuprous 
chloride dissolved ; these results with previous transport measurements (Plotnikov, Chim. et Ind., 1933, 
80, 857) suggest to us the equilibrium CuCl + AlBr, =» Cut + AIBr,CI-. On passage of hydrogen 
chloride, the conductivity was further increased, probably as the excess of aluminium bromide formed a 
complex with hydrogen chloride. When carbon monoxide and hydrogen chloride were passed in together, 
the conductivity was decreased, as in Fig. 7. This experiment is confirmed in Fig. 8, where different 
concentrations were used, viz., 2:1 g. of cuprous chloride, 20 g. of aluminium bromide, and 150 c.c. of 
benzene. In this case all the cuprous chloride dissolved and the solution was more conducting. 
Hydrogen chloride produced a bigger increase in conductivity (because there was more aluminium 
bromide) and carbon monoxide a futher decrease. 

8a 
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Following up the carbon monoxide effect, a decrease of conductivity was found when this gas alone 
was passed into an AlBr,—Cu,Cl,-C,H, mixture. A blank run showed that CO-HC1-C,H,-Cu,Cl, was 
non-conducting. 

These results suggest strongly that the ion CuCO?* is formed which will have a smaller conductivity 
than Cut on account of its increased size. 


Fic. 6. 
Passage of CO + HCl into AlBr, in 
benzene. 


Fic. 7. 


Passage of CO + HCl into AlBr, (5°6 g.) + 
ALBr u,Cl, (21 g.) im benzene. 
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Fic. 8. 


Passage of CO + HCl into AlBr, (20 g.) + 
Cl, (2°1 g.) im benzene. 





Fie. 9. 
Potential-energy curves for benzaldehyde 
ALBr3+CuCcl synthesis. 
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DISCUSSION. 


Since the earliest papers it has been postulated that formyl chloride is the active species 
in the Gattermann-Koch reaction, but although there is evidence for its existence (Jovitschitsch 
and Losanitsch, Ber., 1897, 30, 135; Krauskopf and Rollefson, J. Amer. Chem. Soc., 1934, 56, 
2542) it has never been isolated. Hopf and Nenitzescu (Ber., 1936, 69, 2244) describe the isolation 
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of a yellow-brown liquid of composition H*COCI,AICI,,CuCl which decomposes in water to give 
carbon monoxide and hydrogen chloride and is active in producing p-tolualdehyde from toluene. 
The conductivity measurements clearly point to the formation of certain ions, and we 

te HCO* as the active one. In the aluminium bromide case, which we have studied in 
detail, it is probably formed by the reaction HCl + CO + AIBr, == HCO* + AIBr,CI-, 
followed by HCO* + C,H, —> C,H,°CHO + H¢* as the rate-determining step. This is of first 
order with respect to benzene, as found, and apparently has a small activation energy, for there 
is little change in yield from 4° to 30°; the decrease in yield above this temperature has already 
been explained as being due to decomposition of benzaldehyde. The observed decrease in 
reaction velocity with increase of dielectric constant of solvent would be expected from this 
rate-determining step, as it involves the attack of an ion on a neutral molecule. This mechanism 
is in agreement with the work of Gattermann and Koch (loc. cit.), who obtained only p-tolualde- 
hyde from toluene by this reaction—the para-position being active towards cationoid reagents. 
Conductivity and absorption measurements suggest the following equilibrium in the presence 


+ 
of cuprous chloride : CO + CuCl + AlBr, => CuCO + AIBr,Ci-. We do not need to stress 
that the effect of cuprous chloride cannot be to increase the thermodynamic activity of carbon 


+ 
monoxide; it is, however, possible that in the stationary state the reaction CuCO + Ht —>» 


+ 
Cu* + HCO gives a slightly higher concentration of HCO* than CO + H+ —» HCO. 

So far we have only considered the halide catalyst as an ionising agent, forming an anion 
and producing the cations Cut, H*, and HCO*. We have ignored the interaction of halide 
and benzene, although it seems likely that the black oil formed between these two reactants in 
the presence of hydrogen chloride plays an important, although unknown rdéle in Friedel-Crafts 
reactions. 

It has been pointed out in Part I that the complex formed between the product benzaldehyde 
and the halide is important from the point of view of making the reaction thermodynamically 
favourable. This aspect is discussed on the basis of Table III, which lists the order of decreasing 


TaBLeE III. 
Yield of 
Ph:CHO p-C,H MeAc 
(Table I). (Dermer). 


activity of Friedel-Crafts catalysts by various criteria. Col. 1 gives the order of activity we 
find for Gattermann—Koch reaction; col. 2 gives the results of Dermer and Billmeier (J. Amer. 
Chem. Soc., 1942, 64, 464) for the acetylation of toluene at 25°, the order being quite different 
at 110°. Col. 3 gives Calloway’s order based on a survey of the literature (Chem. Rev., 1935, 17, 
327). Cols. 4 and 5 give the halides in order of — AH for complex formation with benzaldehyde 
and E, the bond energy of the benzaldehyde complex, respectively, both of which are obtained 
in Part I. Finally, they are listed in order of their bond contractions, which Skinner (Man- 
chester University Symposium on Friedel-Crafts Catalysis, 1945) suggests as a criterion of 
activity. 

The placing of aluminium bromide before the iodide in col. 1 may, in part, be due to the 
greater solubility of the former and partial decomposition. of the latter. Since the last three 
halides in this list are inactive, comparison is limited, but there is obviously better agreement 
between cols. 1 and 5 than between 1 and 4. There is also definite agreement between col. 2, 
where results are available for less active catalysts, and col. 5. There is a big discrepancy 
between cols, 1 and 6 in that aluminium bromide is much more active than the chloride. 

It is seen from Tables VI and VII and the following text of Part I that for SnCl,, AICl,, 
FeCl,, and SbCl, the yields of benzaldehyde at equilibrium conditions are in the order of the 
Measured values of AH. The fact that the yields obtained experimentally are mot in this order 
for these and other halides suggests that we are not dealing with equilibrium conditions but that 
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a rate process is involved. This is borne out by the calculation of yields in the case of aluminium 
chloride (cf. Table VII, where we show that at 25° the yield at equilibrium should be at leas; 
90%). In practice, the highest yield obtainable in the time of experiment was 3%. Again, 
p-tolualdehyde is rapidly formed in 50% yield from toluene with aluminium chloride and 
cuprous chloride at 25°. Although the data necessary to make the calculation are not available, 
we should scarcely expect a large change in thermodynamic yield, but there are good grounds 
in electronic theory for expecting a more rapid reaction at the para-position. Thus, although 
complex formation is necessary to make the reaction thermodynamically favourable, the yield 
depends on the reaction velocity. 

The above table shows a correlation between reaction velocity and bond energy which may 
be explained by treating the reaction in terms of intersection of two potential curves (Ogg and 
Polanyi, Trans. Faraday Soc., 1935, 81, 1375). In Fig. 9 curve X represents a potential curve of 


+ 
the initial state C,H, + CHO* (—>» C,H,°CHO) and Y that of the final state (C,H,*CHO* —») 
H*+ + C,H,-CHO. Reaction then occurs by transition at the crossing point from one curve to 
the other, A being the activation energy and AH the heat of reaction. When the product forms 
a complex with the halide of bond energy E, curve Y is displaced by this amount to Y’, thus 
lowering the activation energy from A to A’ and increasing reaction velocity, which is pro- 
portional toe~4/RT, Thus, halides with large E values lead to high reaction velocities, as is 
seen in Table III. 

This view of catalytic action in the Gattermann—Koch reaction was first advanced by Eley 
(Ph.D. Thesis, Cambridge, 1940) and later independently by Polanyi (Manchester University 
Symposium on Friedel-Crafts Catalysis, 1945). 
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551. The Schmidt Reaction on 1: 2-5: 6-Dibenzanthra-3 : 4-quinone. 


By (Miss) E. F. M. STEPHENSON. 


The Schmidt reaction on 1 : 2-5 : 6-dibenzanthra-3 : 4-quinone (I) has been investigated. 
An improved preparation of (I) has been described and 1 : 2-5 : 6-dibenzanthra-3 : 4: 7 : 8-di- 
quinone (V) isolated as a by-product from this preparation. An alternative preparation of 
naphtho(1’ : 2’-2 : 3)fluorenone (VIII) from (I) is described. 


In an attempt to prepare nitrogen analogues of the potent carcinogen 1 : 2-5: 6-dibenz- 
anthracene, a Schmidt reaction on 1 : 2-5 : 6-dibenzanthra-3 : 4-quinone (I) was examined with 
a view to obtaining one or both of the phenanthridones (II) and (III), which could presumably 
be converted by standard procedures into the corresponding phenanthridines. (I), obtained 
previously by Cook (J., 1933, 1592) as a by-product of the chromic acid oxidation of 


VA 


YW 4 
ye: # 
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(V.) 


1: 2-5: 6-dibenzanthracene and of 9: 10-dihydro-1 : 2-5: 6-dibenzanthracene, was in the 
present work prepared by chromic acid oxidation of 3 : 4-dihydroxy-3 : 4-dihydro-1 : 2-5 : 6 
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dibenzanthracene (IV) (Cook and Schoental, J., 1948, 170), when a small amount of a diquinone 
was always formed. The two quinones were separated by cautious fractional sublimation, and 
the diquinone shown to be a di-ortho-quinone, evidently (V), by condensation with 2 moles of 
o-phenylenediamine to give a diquinoxaline derivative. 

Caronna (Gazzetta, 1941, 71, 481; Chem. Abs., 1943, 87, 118) has converted phenanthra- 
quinone into phenanthridone. As Caronna’s original paper was not available, some preliminary 
experiments were carried out with phenanthraquinone and also with diphenic acid to determine 
suitable experimental conditions. It was found that, with a large excess of sodium azide (10 
moles) in an excess of concentrated sulphuric acid, the phenanthridone was obtained in excellent 
yield. Decrease in the proportion of azide led to the production of a considerable proportion of 
diphenamic acid and less phenanthridone. With proportions of azide less than 2 moles, much 
quinone was recovered unchanged. (Further details are discussed in the Experimental section.) 
Attempts to apply these findings to (I) gave very poor yields of the required products. Use ofa 
large excess of azide converted (I) into intractable resins. Smaller proportions (2°7 moles of 
azide) gave a small amount of a phenanthridone (II) or (ITI) and a larger proportion of a mixture 
of acids [presumably the amic acids (VI; R = OH, R’ = NH, and vice versa)) which could 
not be purified directly, but was converted by hydrolysis into the dicarboxylic acid (VI; 
R = R’ = OH) or by vacuum sublimation into its imide (VII). (VII) was hydrolysed to 
(VI; R = R’ = OH) when heated with aqueous sodium hydroxide. 

Considerable proportions of resinous material were always formed even under the most 
favourable experimental conditions, and the amount of phenanthridone obtained was insufficient 
to serve as a starting material for the preparation of the phenanthridine. 

Attempts were made to convert naphtho(l’ : 2’-2 : 3)fluorenone (VIII) into (II) or (III) 
by the action of hydrazoic acid in sulphuric acid (cf., ¢.g., Walls, J., 1935, 1405; Petrow, /., 
1946, 200, 888), but the ketone was either recovered unchanged or converted into resinous 
materials. 

EXPERIMENTAL. 
(All m.p.s are uncorrected.) 

1 : 2-5 : 6-Dibenzanthra-3 : 4-quinone (I) and 1: 2-5: 6-Dibensanthra-3 : 4:17: 8-diquinone (V).— 
3 : 4-Dihydroxy-3 : 4-dihydro-1 : 2-5 : 6-dibenzanthracene (IV) was prepared according to the method 
of Cook and Schoental (j., 1948, 170). The crude diol had a deep pink colour, due presumably to traces 
of the 3: 4-quinone. It was not purified, but was oxidised as follows. A mixture of the diol (1-56 g) 
and sodium dichromate (1-74 g.) in water (5 ml.) and acetic acid (180 ml.) was heated under reflux for 
20 minutes, whereupon the diol dissolved and the quinone separated. The warm mixture was poured 
into water, the quinone collected, washed well with water, dried, and crystallised from o-dichlorobenzene, 
giving fine, red needles, m. p. 326—328° (decomp.) (1-08 g.). Even after repeated crystallisations from 
p-dichlorobenzene this quinone gave a low value for carbon on analysis, owing to the gees of the 
diquinone (V). Cautious fractional sublimation of the contaminated monoquinone (bath temperature, 
< 250°/0-6—0-8 mm.) gave an orange-red sublimate which after crystallisation from o-dichlorobenzene 
formed light-red needles, m. p. 327—329° Pe a (Cook, loc. cit., gives m. p. 326—327°) (Found : 
C, 85:7; H, 4-1. Calc. for C,sH,,0,: C, 85-7; H, 39%). After sublimation of the monoquinone, 
sublimation at higher temperatures (mainly 300—330°/0-6 mm.) gave a dark red sublimate (needles) of 
the diquinone. However, it proved very difficult to separate all traces of the monoquinone from the 
diquinone, and the latter was boiled under reflux again with excess of dichromate in acetic acid until 
oxidation of the monoquinone was practically complete. The product was again fractionally sublimed 
and the sublimate crystallised from diethylene glycol. The diquinone (V) separated as tiny, dark red 
needles, decomp. > 360° (Found: C, 78-2; H, 3-05. C,,H,,O, requires C, 78-1; H, 30%). When the 
diethylene glycol solution cooled very slowly, the diquinone separated as large, very dark red needles 
which in bulk formed a shiny, purple-black crystalline mass. The diguinoxaline derivative of (V) was 
prepared by suspending pure (W} in acetic acid containing excess of pure o-phenylenediamine and heating 
the mixture under reflux for 1 hour. This derivative (small mustard-yellow crystals) had m. p. > 360°, 
and was too sparingly soluble in the organic solvents tried to allow crystallisation (Found: C, 84-5, 
84-45; H, 3-9, 3-9; N, 11-7, 11°55. C,,H,,N, requires C, 84-65; H, 3-8; N, 11-6%). 

Naphtho(\’ : 2’-2 : 3)fluorenone (VIII) (cf. book et al., J., 1935, 1319).—Purified (I) was mixed with 


7—8 times its weight of litharge and converted into the ketone (VIII) by the method described for 
similar cases (Cook and Stephenson, J., 1949, 842). The orange sublimate (75 mg.) had m. p. 218-5— 
219-5°, not altered by crystallisation from alcohol—benzene (3 : 2) (Cook e# al., loc. cit., give m. p. 214-5— 
215°) (Found: C, 90-2; H, 4-55. Calc. for Wate - C, 90-0; H, 4-3%). 

7 


Naphtho(1’ : 2’-2 : 3)fluorene.—Sublimed ( mg.) and 50% hydrazine hydrate (0-2 ml.) were 
heated in a sealed tube at 200—210° for 7} hours. The crude product was collected, washed well with 
water, dried, and dissolved in light petroleum (b. p. 60—80°), and this solution passed through a column of 
alumina. Coloured impurities were strongly rbe@ and the colourless, weakly fluorescent hydro- 
carbon readily into the eluate. The colourless product (35 mg.) recovered from the eluate had 
m. p. 225—227-5°, raised to 230—231° by crystallisation from alcohol—benzene (4:1), from which it 
separated as colourless plates (lit., 226—226-5°). 

Action of Hydvazoic Acid and Concentrated Sulphuric Acid on Phenanth inone.—(a) Phenanthra- 
quinone (0-208 g., 0-001 mol.) dissolved in concentrated sulphuric acid (10 ml.) as treated with finely 
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powdered sodium azide (technical; 0-65 g., 0-01 mol.), the mixture being cooled in an ice-bath so that 
the temperature was maintained at 0—10°. The mixture was then kept at room temperature until Sas 
evolution had subsided and the original deep green colour of the solution had faded to a pale 
(2—3 hours). Phenanthridone (m. p. 287—-288°; 180 mg.) was precipitated when the reaction mixture 
was poured into ice-water. No other products were isolated. 

(6) Essentially the same results were obtained when the quantity of sulphuric acid was reduced to 
1 ml., and the mixture was covered with 10 ml. of pure chloroform. 

c) The same results as in (a) were obtained when the reaction was carried out at 30—40°. 

d) When the experiment was carried out as under (a) but using 0-325 g. (0-005 mol.) of sodium azide 
only 35 mg. of Panna = gn and 120 mg. of diphenamic acid were obtained. The latter is readily 
converted into diphenimide by sublimation im vacuo. 

(e) When equimolar proportions of azide and quinone were used under the conditions of (a), (b), or (c) 
much quinone was recovered unchanged. ‘ 

Action of Hydrazoic Acid and Concentrated Sulphuric Acid on Diphenic Acid.—Caronna (Gazzetta 
1941, 71, 475; ans. Abs., 1948, $7, 118) reports that diphenic acid is converted mainly into phenanthr- 
idone when treated with hydrazoic acid and concentrated sulphuric acid, very little 2 : 2’-diaminodipheny| 
being obtained. When the reaction was carried out as follows, 2 : 2’-diaminodiphenyl was the main 
product. Diphenic acid (2-4 g., 0-01 mol.) in concentrated sulphuric acid (10 ml.), overlaid with 
chloroform (50 ml.), was treated with finely powdered sodium azide (6-5 g., 0-1 mol.) at such a rate that 
the temperature was maintained at 30—40° (20—25 minutes). After heating for another hour at 
30—40°, the mixture was poured on crushed ice, the chloroform evaporated, and the insoluble phen- 
anthridone (0-28 g., m. p. 287—288°) [lit., m. p. 293° (corr.)] collected. The acid filtrate was made 
alkaline with sodium hydroxide, 2 : 2’-diaminodiphenyl (1-4 g., m. p. 80—81-5°) (lit., m. p. 81°) 
obtained. The chloroform may be omitted in the above experiment, and a larger volume of sulphuric 
acid employed. 

Action of Hydrazoic Acid and Concentrated Sulphuric Acid on (I).—The yields of the required products 
were always poor. To avoid complete resinification of the geese or products, it was necessary to 
maintain the temperature at 0—10° and avoid a large excess of sodium azide and prolonged contact with 
the concentrated sulphuric acid. In some of the experiments, the proportion of sulphuric acid was 
somewhat decreased and the mixture overlaid with pure chloroform, but this is probably no improvement. 
In a typical experiment, the quinone (1-03 g.) and concentrated sulphuric acid (25—30 ml.) were mixed 
and cooled to 0—5° in an ice-bath. Sodium azide (0-585 g.) in distilled water (3 ml.) was added dropwise 
so that the temperature was maintained at 0—10° (ca. 1 hour). After 2 hours, the original deep blue 
colour of the solution had faded to deep purple, and after 3—3} hours gas evolution had practically 
ceased. Without delay the mixture was poured on crushed ice and the acid a neutralised with 
sodium hydroxide solution. The discoloured precipitate was collected (by centrifuging) and shaken with 
sodium carbonate solution, in which it was partly soluble. The carbonate-insoluble fraction was dried 
and submitted to sublimation under reduced pressure, a yellowish sublimate being collected at 280—310° 
(bath temperature) /0-6 mm., and a dark, charred residue remaining in the tube. Yields varied from 
70 to 200 mg. To remove yellow impurities, the sublimate was digested with warm benzene, cooled, 
filtered, and washed with benzene until the washings were colourless. (There was insufficient of these 
benzene-soluble yellow by-products to allow of their complete purification.) The benzene-insoluble 
material was crystallised from m-butanol, with filtration hot from a small amount of a sparingly soluble 
by-product (this by-product could be crystallised from acetic acid and had m. p. > 350° but was not 
in sufficient quantity to be obtained analytically pure). After repeated crystallisations from n-butanol, 
the benzene-insoluble compound formed cream-coloured needles or plates, m. p. 327—-330° (Found: 
C, 85-3; H, 4:3; N, 4-8. 21H1,,0N requires C, 85-4; H, 4-4; N,4-7%). This substance is insoluble in 
hot or cold 2Nn-sodium h droxide and in dilute hydrochloric acid. From its analysis and method of 
formation it should be (II) or (III). The pale brown sodium carbonate extract (see above) on acidific- 
ation gave a discoloured gelatinous precipitate which was collected (by centrifuging) and dried (550 mg.). 
This ae could not be purified directly and is probably a mixture of the acids (VI; R = OH, 
R’ = NH, and vice versa) since on being heated with aqueous sodium hydroxide it was converted (in 
yields of 85—90%) into 2-0-carboxyphenylphenanthrene-3-carboxylic acid (VI; R = R’ = OH) which, 
crystallised from acetic acid (charcoal, Supercel), gave a pale yellow crystalline powder, m. p. 311—313° 
Pound?” ; gas evolution), identical with the acid obtained by hydrolysis of the imide (VII) (see below) 
Found: C, 77-1; H,4:2. C,,H,,0O, requires C, 77-2; H, 4-1%). The crude product from the carbonate 
extract was also submitted to sublimation in vacuo; much decomposition took place [at 200—250° (bath 
tem ture)/0-6 mm.]. A dark charred residue remained in the tube, and a crystalline sublimate with a 
bright yellow encrustation collected. To remove the yellow impurities, the sublimate was treated with 
benzene as described for the phenanthridone. 400 Mg. of crude mixed acids gave 210—230 mg. of sublim- 
ate after benzene treatment.* 

The sublimate insoluble in benzene was crystallised repeatedly from m-butanol. The resulting 
imide (VII) formed faint cream-coloured prisms, m. p. 239—240° (Found :. C, 81-8, 82-0; ‘H, 4-0, 4-4; 
N, 4:55. CygH,,0,N requires C, 81-7; H, 4-05; N, 43%). This substance is insoluble in sodium 
carbonate solution but soluble in 2N-sodium hydroxide and reprecipitated by acids (provided that the 
solution is not heated). It is moderately soluble in n-butanol, less soluble in ethanol, and sparingly 
soluble in benzene. When boiled with sodium hydroxide solution, it gave the acid (VI; R = R’ = OH) 
(identified by m. p. and mixed m. p.). (This hydrolysis was first carried out by Mr. J. M. L. Cameron.) 


* The yellow benzene extract from this sublimate was chromatographed on alumina, several bands 
separating. One bright yellow band gave an eluate which yielded a bright yellow crystalline product 
which accounted for the bulk of the origi material. After several crystallisations from benzene- 
alcohol (3 : 2), it gave bright yellow needles, m. p. 280-5—282-5° (Found: C, 86-6; H, 3-4; N, 5-9%). 
There was insufficient material to allow its final identification. This substance was not a 
2n-sodium hydroxide or by dilute hydrochloric acid. 
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552. Synthesis of Fluoranthenes. Part II. Michael Addition of 
Vinyl Cyanide to Fluorene-9-carboxylic Esters. 


By ALFRED CAMPBELL and S. Horwoop TuckKER. 


Mono-addition of vinyl cyanide to the 9-position of the fluorene structure has been achieved 
with fluorene-9-carboxylic esters. The adducts have been hydrolysed directly, or in stages, 
to B-9’-fluorenylpropionic acid (II), which has been cyclised to 4-keto-l : 2: 3: 4-tetrahydro- 
fluoranthene (improved yield). 

A new method of preparing fluorene-9-carboxylic acid from fluorene is described. 


VINYL CYANIDE can undergo Michael addition to compounds possessing only weakly activated 
hydrogen atoms. Bruson (J. Amer. Chem. Soc., 1942, 64, 2459, 2850) found that even fluorene 
adds two molecules to form 9: 9-di-2’-cyanoethylfluorene. No method has hitherto been 
found whereby mono-addition, to the exclusion of di-addition, can be achieved. Bruson and 
Riener (J. Amer. Chem. Soc., 1943, 65, 23) and Bruson (U.S.P. 2,361,259) found similarly that 
vinyl cyanide can react with all available reactive hydrogen atoms of aliphatic nitro-compounds ; 
although mono-adducts could be isolated when certain primary nitro-paraffins, R-CH,*NO,, 
were used. Buckley, Elliott, Hunt, and Lowe (jJ., 1947, 1505) improved the preparation of 
mono-adducts in these reactions by using a molecular proportion of alkali as condensing agent. 

On the other hand, Bruson (1942, loc. cit.) effected exclusive mono-addition of propenyl 
cyanide (crotononitrile) to fluorene. Mono-addition of substituted vinyl cyanides seems to be 
the general rule (see also Buckley e¢ al., loc. cit.; Neil Campbell e¢ al., this vol., p. 1239). 

To ensure mono-addition, not only of substituted vinyl cyanides, but of vinyl cyanide itself 
to the 9-position of fluorene one of us (Tucker, this vol., p. 2182) utilised alkyl fluorene-9-carb- 
oxylates in Michael addition with substituted vinyl cyanides since the fluorene-9-carboxylates 
have, in respect to the Michael reaction, only one replaceable hydrogen atom—and that a more 
reactive one than those in fluorene. Wislicenus and Mocker (Ber., 1913, 46, 2789) and von Braun 
and Anton (Ber., 1929, 62, 149) had previously used ethyl fluorene-9-carboxylate in reaction 
with 6-iodo- (or 8-chloro-)propionate, to prepare ultimately fluoranthene and its 4-substituted 
derivatives (von Braun and Manz, Ber., 1937, 70, 1609); but as a synthetic method this process 
is of limited scope. 

We now record the Michael reaction of fluorene-9-carboxylates with vinyl cyanide, the 
products of which, 9-carbalkoxy-9-2’-cyanoethylfluorenes (I), without isolation, give on 
hydrolysis directly 8-9-fluorenylpropionic acid (II). 


¢ \ 


Fluorene-9-carboxylate Wz IN Hydrol. V4 S 
oe, raga a Ge DO ima, ©? ee 
eon YW VA H 
RO,C ‘CH,-CH,-CN H,CH,-CO,H 
(I.) (II.) (III.) 


Stepwise hydrolysis of (I) to (II) readily gives intermediates. Mild hydrolysis of the ester- 
cyanide (I) led to the acid-cyanide, 9-2’-cyanoethylfluorene-9-carboxylic acid, which by 
decarboxylation gave 9-2’-cyanoethylfiuorene. This or the ester-cyanide (I) by vigorous alkaline 
hydrolysis gave $-9-fluorenylpropionic acid. Hydrolysis of (I) by water-sulphuric-acetic acid 
gave the dicarboxylic acid, 6-(9-carboxy-9-fluorenyl)propionic acid (I; R= H; CO,H for CN), 
teadily decarboxylated to §-9-fluorenylpropionic acid (II). Von Braun and Anton (loc. cit.) 
by cyclisation of this acid obtained 4-keto-1 : 2 : 3 : 4-tetrahydrofluoranthene, but the yield was 
poor. This is rather surprising since $-9-fluorenylbutyric acid has been readily cyclised to 
2-methyl-4-keto-1 : 2: 3: 4-tetrahydrofluoranthene (Tucker, Joc. cit.). Cyclisation of B-9- 
fluorenylpropionic acid (II) has now been improved, however, by using phosphorus penta- 
chloride followed by stannic chloride in benzene (yield, 44%). A comparison of cyclisation 
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methods is given in the experimental portion. Hydrogen fluoride gave a pure product, but 
the yield was surprisingly low. 

Owing to the greater ease of preparation of the 9-glyoxylates than of the 9-carboxylates of 
fluorene the former were at first used in this work (cf. Wislicenus and Densch, Ber., 1902, 35, 
76; Wislicenus and Mocker, ibid., p. 2790) but were found to be less reactive, and, owing to 
the possibility of undesirable ring formation, were unsuitable. The older methods of preparing 
fluorene-9-carboxylic acid involve synthesis of the fluorene skeleton, and give products which 
are difficult to purify; more recent methods proceed from fluorene and give high yields of pure 
material but involve specialised preparative techniques (Tucker and Whalley, this vol., p. 50; 
Yost and Hauser, J. Amer. Chem. Soc., 1947, 69; 2326). We have now found a simple method 
of preparation of fluorene-9-carboxylic acid, eminently suitable on the laboratory scale, which 
gives the acid directly, without isolation of any intermediate. It is represented by; 
fluorene — C,;H,CO-CO,Me “4 c,,H,co-co,H !% C,,H,CO,H (for details see 

ie 

the Experimental section). Since ethyl fluorene-9-carboxylate oxidises extremely easily in 
alkaline solution to ethyl 9-hydroxyfluorene-9-carboxylate, it was possible that hydrogen 
peroxide in acid solution, as used above, might also cause formation of this by-product. There 
was no evidence, however, of this: the crude product when warmed with concentrated sulphuric 
acid gave a clear green colour, due to fluorene-9-carboxylate : the 9-hydroxy-derivative gives 
an indigo-blue colour under these conditions (Wislicenus and Mocker, loc. cit.) and, if it had 
been present, would certainly have masked the green coloration. It was found necessary to- 
use the proportion, fluorene: methyl oxalate : sodium = 1 mol.:2 mols.:2 atoms. This is 
reminiscent of the advantageous use of two molecular proportions of ethylmagnesium bromide 
in the preparation of 9-fluorenylmagnesium bromide (Tucker and Whalley, Joc. cit.). Methyl 
fluorene-9-glyoxylate was stable and therefore used in synthetic work in preference to the ethyl 
ester, which even in the course of a few days softens, eventually oxidising to fluorenone. More- 
over, experiments in which the fluorene-9-glyoxylic esters were isolated showed that with ethyl 
oxalate the yield rarely exceeded 60%, whereas with the dimethyl ester it was >80%. The 
intermediate fluorene-9-glyoxylic acid has also been isolated in high yield. Failure attended 
attempts to convert methy] fluorene-9-glyoxylate into methyl fluorene-9-carboxylate by heating 
it alone or in presence of a catalytic amount of boric acid (Prelog and Hinden, Helv. Chim. Acta, 
1944, 27, 1854); evolution of carbon monoxide occurred at ~220°, and red crystalline products 
were obtained, but not identified. 

Attempts to convert 9 : 9-di-2’-cyanoethylfluorene into 9-2’-cyanoethylfluorene by heating 
it alone or with a trace of solid potassium hydroxide failed (cf. Buckley et al., loc. cit.). 
Hydrolysis converted the dicyano-compound into 9 : 9-di-2-carboxyethylfuorene. On two 
occasions this compound was isolated as sole product in attempted preparations of §-fluorenyl- 
propionic acid by the direct method from methyl fluorene-9-carboxylate; it was recognised by 
its relatively high melting point (265—269°). It is conceivable that in these exceptional 
experiments methyl fluorene-9-carboxylate failed to react initially with the vinyl cyanide and 
was subsequently hydrolysed to fluorene which then reacted with the vinyl cyanide to give 
9 : 9-di-2-cyanoethylfluorene, which in turn was hydrolysed to 9 : 9-di-2-carboxyethylfluorene. 

ADDENDUM. After this paper had been written, a preprint of a paper by Neil Campbell 
and Fairfull (this vol., p. 1239) was received. They describe the condensation of vinyl cyanide 
with 9-phenyl- and with 9-hydroxy-fiuorene, and its failure to condense with 9-chloro-, 9-ethyl-, 
or 9-benzyl-fluorene. They confirm the low yields obtained by von Braun and Anton (loc. cit.) 
in the cyclisation of §-9-fluorenylpropionic acid (II) to 4-keto-1: 2:3: 4-tetrahydro- 
fluoranthene (III). 


EXPERIMENTAL. 


Fluorene-9-carboxylic Acid.—Potassium (1-95 g-. 2 atoms) was dissolved in anhydrous methanol 
(20 ml.; Baker and Holdsworth, J., 1947, 724), fluorene (4-15 g., 1 mol.) and methyl oxalate (5-9 g., 
2 mols.) were added, and the whole was rendered homogeneous by heating and shaking it in a distilling 
flask (250 ml.). The flask was then immersed in water which was heated so that methanol slowly 
distilled (18 ml. in 30—45 minutes). The water was finally boiled, and the pressure in the flask slowly 
reduced, care being taken that as residual methanol and excess of methyl oxalate distilled the yellow 
pasty mass did not froth over (15 minutes) (cf. McElvain ef al., J. Amer. Chem. Soc., 1929, 51, 3124; 
1933, 55, 1697; 1937, 59, 2007; Floyd and Miller, J. Amer. Chem. Soc., 1947, 69, 2354). Glacial acetic 
acid (35 ml.) was added, and the yellow solid dissolved by warming and swirling. A mixture of 
concentrated sulphuric acid (5 ml.) and water (25 ml.) was added; a voluminous yellow precipitate 

ted, but on boiling the mixture the precipitate liquefied, and after } hour a clear yellow solution 
was obtained. Boiling was continued for a further } hour, the solution cooled, and hydrogen peroxide 
(10 ml. ; 30%) added in portions. The mixture became warm and maintained its temperature for some 
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time, whilst the ponggueet solid became pale yellow (cf. Holleman, Proc. K. Akad. Wetensch. Amsterdam, 
1904, 6, 715; Rec. Trav. chim., 1904, 28, 169). After occasional swirling during 4 hours (or overnight) 
the solid was filtered off, washed, dried (4-5 g.), and recrystallised from acetic acid diluted at its b. p. 
with water, or from methyl cyanide, giving fluorene-9-carboxylic acid, m. p. 220—225° (4-0 g., 76%). 
Use of sodium (1-15 g., 2 atoms) instead of potassium in the above preparation gave a slightly lower 

ield of fluorene-9-carboxylic acid. Further, when the proportions were reduced so that the ratio, 
fluorene : methyl oxalate : sodium, was 1 mol. : 1-1 mols. : 1-1 atoms, the yield of fluorene-9-carboxylic 
acid was greatly reduced (2-43 g., crude) and, Ngee ie em pt fluorene was recovered (1-32 g.). The 
latter was also recoverable when the proportions were 1 mol. : 1-5 mols. : 1-5 atoms. 

Stepwise Preparation of Fluorene-9-carboxylic Acid from Fluorene.—Methyl fiuorene-9-glyoxylate 
was prepared as above, except that after removal of methanol the yellow solid residue was dissolved in 
cold 5% sodium hydroxide solution by shaking, with occasional swirling, filtered from a small amount of 
solid which contained fluorene, and treated with excess of concentrated hydrochloric acid. The washed 
and dried precipitate (5-40 g.), crystallised from carbon tetrachloride, gave methyl fluorene-9-glyoxylate 
(5-18 g., 82%), m. p. 115—120° (Kuhn and Levy, Ber., 1928, 61, 2240, give 117-5°). This ester is stable 
(cf. the instability of the ethyl ester, described below). The use of relatively less sodium or of potassium 
(1-25 atoms) and of methyl oxalate (1-25 atoms) gave lower yields of the glyoxylate with higher recovery 
of fluorene. The use of benzene to entrain the last traces of methanol during distillation was found to 
be of no Tr 

Preparation of the corresponding ethyl fluorene-9-glyoxylate gave uncertain results, yields rarely 
exceeding 60%. It was best crystallised by dissolving it in boiling carbon tetrachloride and adding 
twice the volume of boiling light petroleum oy 60—80°) to give the ester, m. p. 75—78° (softening 
at 72°) (cf. von Braun and Anton, Ber., 1929, 62, 148, footnote, who give 89—90°). The preparation 
of this ethyl ester was abandoned since, even when kept in stoppered bottles, it readily liquefies (within 
a few weeks), eventually giving mainly fluorenone. 

Fluorene-9-glyoxylic acid was prepared by boiling a mixture of methyl fluorene-9-glyoxylate (2-52 g.), 
glacial acetic acid (10 ml.), concentrated sulphuric acid (1 ml.), and water (5 ml) for 1 hour. The 
clear yellow solution was treated with excess of concentrated hydrochloric acid and set aside overnight. 
The separated, bright yellow solid (~100% yield) recrystallised from toluene in pale greenish-yellow 
rosettes of needles, a second crop being obtained by addition of light petroleum (b. p. 60—80°) (1-72 g., 
72%). The m. p. was indefinite—from shrinkage at 140° to clear melt at 165° (Wislicenus and Densch, 
loc. cit., report peculiarities). 

Fluorene-9-carboxylic acid was obtained by hydrolysis of methyl fluorene-9-glyoxylate (2-52 g.) as 
above; then, instead of precipitation by adding hydrochloric acid, the cooled solution of the glyoxylic 
acid was treated with hydrogen peroxide (5 ml.; 30%), occasionally shaken, and set aside (4 hours). 
The white precipitate (2-0 g., 95%) consisted of fluorene-9-carboxylic acid. This acid was also obtained 
by treating fluorene-9-glyoxylic acid (1-72 g.) in glacial acetic acid (10 ml.) with hydrogen peroxide 


(5 ml.) and setting the mixture aside overnight (1-29 5: 79%). 
Synthesis of arp pe Acid from Ethyl (or Methyl) Fluorene-9-carboxylate without 
thy 


Isolation of Intermediates.— fluorene-9-carboxylate (Tucker, Joc. cit.) (5-95 g., 1 mol.) and then 
vinyl cyanide (1-33 g., 1 mol.) were added to a solution of potassium hydroxide (0-28 g., 0-2 mol.) in 
2-methoxyethanol (25 ml.). The mixture became warm, and after 15 minutes was treated with aqueous 
10N-potassium hydroxide (37 ml.) and then with 2-methoxyethanol (25 ml.), and the mixture boiled 
(30 minutes). On pouring into water a slightly mi solution was obtained; it was mixed with 
charcoal, filtered, and treated with excess of concentrated hydrochloric acid. The pure white, crystalline 
precipitate, after drying and crystallisation from methyl cyanide, gave large prisms (5-4 g., 90%) of 
Some Ee acid, m. p. 140—145° (Wislicenus and Mocker, Joc. cit., p. 2790, give 148—149°; 
a Campbell and Fairfull, Joc. cit., give m. p. 143—144°) (Found: C, 80-6; H, 5-9. Calc. for C,,.H,,0, : 
, 80-7; H, 5-9%). 

Changing the order of addition of alkali and 2-methoxyethanol used in the hydrolysis seemed to 
have no effect : no 9 : 9-di-2’-carboxyethylfluorene was obtained. 

Preparation of Intermediates in the Synthesis of B-9-Fluorenylpropionic Acid from Fluorene 
9-Carboxylates and Vinyl Cyanide.—Methyl 9-2’-cyanoethylfiuorene-9-carboxylate (I; R = Me). Methyl 
fluorene-9-carboxylate (1-12 g., 1 mol.) and vinyl cyanide (0-265 g., 1 mol.) were added to a warm 
mixture of dioxan (3 ml.) and potassium hydroxide (0-056 g., 0-2 mol., powdered; or 0-1 ml. of 50% 
aqueous solution). After 15 minutes the mixture was treated with excess of dilute hydrochloric acid ; 
the precipitated oil solidified, and crystallised from methanol in large prisms, m. p. 84—86° (1-30 g., 
94%), of methyl 9-2’-cyanoethylfluorene-9-carboxylate (Found: C, 78-2; H, 5-6; N, 5-0. C,gH,,;0,N 
requires C, 78-0; H, 5-4; N, 5-0%). The alkali used may be replaced by sodium hydroxide or by 35% 
aqueous trimethylbenzylammonium hydroxide. 

Ethyl fluorene-9-carboxylate, similarly employed, gave a Pw yellow oil (ether extraction) which 
became solid after several days (refrigerator; scratch). Ethyl 9-2’-cyanoethylfluorene-9-carboxylate 
(I; R = Et) crystallised from light petroleum (b. p. 40—60°) in prisms, m. p. 45—46° (a mixture with 
ethyl fluorene-9-carboxylate was molten at room temperature) (Found: C, 785; H, 5-8; 
N, 4-9. C,,H,,0,N requires C, 78-35; H, 5-8; N, 48%). It was more difficult to isolate than the 
methyl homologue (yield, high). 

9-2’-Cyanoethylfiuorene-9-carboxylic Acid (I; R = H).—The foregoing methyl ester, dissolved in 
warm ethanol, was treated with 10N-potassium hydroxide and set aside until a drop gave no precipitate 
with water (a few minutes). Acidification gave a solid which from ethanol gave hexagonal plates, 
softening at 98°, m. p. 115° (effervescence). Crystals from methanol similarly separated with solvent 
of crystallisation; after drying in a vacuum at 60° these gave the pure acid (Found: C, 77-8; H, 5-1; 
N, 5-1. C,,H,,0,N requires C, 77-6; H, 4:9; N, 5-3%). 

9-2’-Cyanoethylfiluorene—The acid (I; R= H) was gently heated in suspension in aqueous 
10N-potassium hydroxide (2—2-5 ml.) until effervescence just ceased (~1 minute). The oily suspension, 
poured into water, gave 9-2’-cyanoethylfluorene which crystallised in rods (from methanol), m. p. 
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73—75° (Found: C, 87:7; H, 5-85; N, ra C,,.H,,N ep C, 87-7; H, 5-9; N, 6-4%). After 
yg — it slowly liquefied. It was also prepared by acting as above on the methyl ester (I; 

(Rear a ag er me Acid (II).—The ester (II; R = Me) (2-77 g.), 2-methoxyethanol (25 
and 10N-potassium hydroxide (25 ml.) were boiled together for 15 minutes and then poured ints i. 
and the clear solution was treated with excess of concentrated hydrochloric acid to B-9-fluoreny)- 
propionic acid (~100%). When the amount of 2-methoxyethanol and alkali were Fatwca relative to 
the amount of the ester-cyanide, the solution, poured into water as above, gave Pt duorenylpropionic 
acid and a small amount of p-9-fluorenylpropionamide, crystallising from ethanol in jong. — 
laminz, m. p. 185—186° (softening at 180°) (Found: C, 81-2; H, 6-3; N, 5-9. C,,H,,0 
C, 81-0; H, 6-4; N, 59%). 9-Fluorenylpropionic acid (II) was also obtained A F 
hydrolysis of the ethyl ester (I; R= Et) (0-53 g.) in 2-methoxyethanol (4 ml.) HP hos 
10Nn-potassium hydroxide (5 ml. Bay £2 15 minutes). This acid (II) was also prepared by acid 
hydrolysis of the methyl ester (I; e) by boiling it for 3 hours in glacial acetic—concentrated 
sulphuric acid—water (2: 1:1, by volume) (Reichstein, Helv. Chim. Acta, 1937, 20, 1418), nn rsd 
the usual manner after crystallisation from aqueous methanol to f-(9-carboxy-9-fluorenyl) prop; 
acid (I; R = H; CO,H for men 4 Gea. hen | ), m. p. 192° =a at 115°) (cf. Wislicenus od eae 
loc. cit. 2789, who give m. 96°) (Found : C, 72-1; H, 4-9. Cale. for C,,H,,0O,: C, ry 
H, 5 “0%. When heated to 2 ott pti gave p-9-iuorenylpropionic acid (68%). 

B-(9-Carbomethoxy-9-fluorenyl)propionamide was obtained by the action of a slightl 
ethanolic solution of hydrogen peroxide on the motheyl ester (I; R = Me) (Radziszewski, Ber., un 
18, 355). It crystallised from ethanol in diamond-shaped crystals, m. p. 207° (softening at 190°) (Found : 
C, 73-4; H, 5-7; N, 4-6. C,,H,,ON requires C, 73-2; H, 5-8; N, 4-75%). 

Hydrolysis of 9: 9-Di-2’-cyanoethylfiuorene. —This was effected by boiling the ge At 27 g.) 
with aqueous 10N-potassium hydroxide (1-5 ml.) in 2-methoxyethanol (3 ml.) for } hour. Dike 
carboxyethylfluorene (0-17 g.) recrystallised — glacial acetic acid in prisms, m. p. ater ed quthadeg 
at 240°) (Found: C, 73-3; H, 58. C,,H,,0 a) 4 73-5; H, 5-85%). 

Cyclisation of p-9-Fluorenylpropionic Acid Il) to 4-Keto-1: 2:3: 4-tetrahydrofluoranthene (II1).— 
(a) (II) (2-38 g.) in benzene (10 ml.) was tronted with | ag prea pentachloride (2-3 g., 10% excess vee 
and after 15 minutes was heated on the water-bath for 5 minutes. After cooling, stannic 
(2-33 ml., 100% excess) was added and rinsed in with benzene (2 ml.). The mixture became purple 
almost immediately and was apparently unchanged after being kept overnight. It was poured into 
concentrated hydrochloric acid and extracted with methylene dichloride [since et is a Y slightly 
soluble in ether], and the green-yellow, strongly fluorescent liquid washed well with acid 
water, and evaporated to dryness. Since the pale green residue contained no acid it a boiled in 
ethereal solution with charcoal, filtered, and evaporated, and the residue crystallised in cream-coloured 
balls of (III), m. P, 92—96° (0-96 g., 44%), from methanol. 

(b) The use of thionyl chong (10 ml.; distilled from quinoline and then from boiled linseed oil) 
similarly gave (III) (0-78 g., 35%). 

(c) Dissolution of = acid (II) (1-19 g.) in hydrogen fluoride (25 ml.) gave (III) (0-24 g., 22%), mee 
cream-coloured, m. Be 8—99° (softening at 96°) (cf. von Braun and Anton, Joc. cit., who give 98° 
Neil Campbell and Fairfull, Joc. cit., who give 94—97°). Unchanged acid was recovered. 

Cyclisations, by known methods, using phosphoric acid + phosphoric oxide, aluminium 
chloride + sodium chloride, or acetic acid + acetic anhydride + zinc chloride, gave (III), but in 
relatively low and variable yields. (II) was recovered unchanged from boiling stannic chloride; it was 
sulphonated by sulphuric acid. 

4-Keto-1 : 2: 3: 4-tetrahydrofluoranthene (III) gave a 2: san) (ot Ned Campbell in orange, 
feathery crystals (from dioxan or toluene), m. p. 255—259° (decomp.) (cf. Neil Campbell and Fairfull, 
loc. cit., Sag = give m. p. 234—236°, + yd a typographical error for 254—256°) (Found: C, 65-9; H, 
4-35; 13-9. Calc. for C,,H,,0, 66-0; H, 40; N, 140%). The oxime of (III) crystallised 
from aclaaet in cream-colour , minute crystals, m. p. 178° a at 174°) (von Braun and Anton, 
loc. cit., 7 a 170—171°) ’ (Found : C, 81:7; H, 5-2; N, 60. Calc. for C,,H,,ON: C, 81-7; 
H, 5-6; 6-0 


We thank Miss R. H. Kennaway and Mr. J. M. L. Cameron for microanalyses. 
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553. Addition of Dinitrogen Tetroxide to Olefins. Part V. 
cycloHexene and the Octenes. 


By Haroitp Batpock, NorMAN Levy, and CHARLES W. SCAIFE. 


The addition of dinitrogen tetroxide to cyclohexene and to 2: 4: 4-trimethylpent-l- and 
-2-ene is described, together with the isolation of the dinitro-hydrocarbons and the nitro-alcohols 
in total yields of 75—85% on the olefin. As with the lower olefins, addition occurs both as two 
nitro-groups and as one nitro- and one nitrite group, the latter being attached in the octenes to 
the carbon with the fewer hydrogen atoms. The reaction may be carried out without a solvent 
and the product is treated with water to convert the nitro-nitrite into the nitro-alcohol at an 
early stage in the separation procedure. Nitrocyclohexanol is water-soluble and may therefore 
be extracted in the usual manner, but the nitro-octanols are insoluble and require fractional 
distillation. The three dinitro-compounds and the three nitro-alcohols are new substances, 
and their properties and reactions are briefly described. 


In Part I of this series (J., 1946, 1093) a general introduction was given to the series of papers 
on addition of dinitrogen tetroxide to olefins, whilst in Parts II (J., 1946, 1096), III (J., 1946, 
1100), and IV (J., 1948, 52) the addition to ethylene, propene, and the butenes, respectively, 
was described. We now report a study of the addition of dinitrogen tetroxide to cyclohexene 
and to 2: 4: 4-trimethylpent-l- and -2-ene. 

A. cycloHexene.—General. Previous work on the reaction between cyclohexene and oxides 
of nitrogen includes the use of nitric oxide, dinitrogen trioxide and tetroxide, usually with 
isolation of the nitrosite in small yields, the greater part of the product not being identified, or 
being assessed by indirect means. Baeyer (Amnalen, 1894, 278, 110) obtained the nitrosite, 
m. p. 150°, by adding acetic acid to a mixture of cyclohexene, ligroin; and saturated sodium 
nitrite solution, and the nitrosate by adding concentrated nitric acid to a mixture of cyclohexene, 
amyl nitrite, and acetic acid. Wieland and Blumlich (ibid., 1921, 424, 77) also obtained the 
nitrosite, m. p. 145°, by causing dinitrogen trioxide (from arsenious oxide and nitric acid) to 
react with cyclohexene in a mixture of light petroleum and ethyl ether. The mother-liquor 
yielded nitrocyclohexene on treatment with alkali, and the authors presumed that this arose 
from dinitrocyclohexane which they were unable to isolate. Addition of the tetroxide to 
cyclohexene in light petroleum gave similar products. Schaarschmidt and Schlosser (Ber., 
1922, 55, 1103) obtained the nitrosite and a viscous green oil in the same solvent, whilst later 
work (Schaarschmidt, Z. angew. Chem., 1923, 36, 565) gave the nitrosate as well as the nitrosite 
in light petroleum at 0°. Subsequent attempts to isolate other products proved unsuccessful 
(idem, ibid., 1924, 37, 333; Schaarschmidt and Hofmeier, Ber., 1925, 58, 1057) since the 
materials were extremely unstable, decomposing even before removal of solvent. More 
recently, Bloomfield and Jeffrey (J., 1944, 120) studied the reaction between cyclohexene and 
oxides of nitrogen and obtained the nitrosite, m. p. 153°, together with a mixture of isomeric 
nitrocyclohexenes and an unstable viscous oil which constituted the main product and was 
difficult to distil. Jeffrey confirmed by X-ray examination the dimeric structure proposed for 
the nitrosite by Wieland. 

In the present work, cyclohexene has been treated with dinitrogen tetroxide alone or in a 
solvent, with the isolation for the first time of 1 : 2-dinitrocyclohexane (I), 2-nitrocyclohexanol 
(III), and 2-nitrocyclohexyl nitrate (IV) in high overall yield. Compounds (III) and (IV) are 
produced from the nitrocyclohexyl nitrite (II) first formed, the nitrate by oxidation in the course 
of reaction, and the nitro-alcohol by hydrolysis at an early stage in the working up : 
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A slow stream of oxygen added to the reaction mixture gives a product which is more stable to 
distillation and free from undesirable dinitrogen trioxide addition products. When oxygen is 
not used, a little di(nitronitrosocyclohexane) (V) is formed, usually to the extent of 3% calc. on 
the cyclohexene : 


CH, 


H H Ria H-NO 
4 ‘E i... oF my SENO, a 
fy, cH, (v.) 

It is essential to re: the cyclohexene by careful fractional distillation from sodium, otherwise 
unstable products are obtained whatever nitration procedure is used. Though a solvent is not 
necessary for formation of the dinitro-compound, in contrast to propene (Part ITI, loc. cit.) and 
the butenes (Part IV, loc. cit.), it is convenient to use ethyl ether as solvent and to bubble oxygen 
slowly through the cooled mixture. 

Yields. The total yield is about 85%, the deficiency occurring largely as extraction losses, 
The proportions of the three products are markedly affected by the order of mixing the reagents, 
in effect by that reagent which is in excess for most of the reaction period, as is shown by the 
two examples detailed in the experimental section. These examples refer to (a) the dropwise 
addition of cyclohexene to excess of dinitrogen tetroxide in ether and (b) the dropwise addition 
of the theoretical amount of the tetroxide to cyclohexene in ether, a slow oxygen stream being 
used in each case. Yields of distilled materials are compared below : 


(a) cycloHexene added (b) Dinitrogen tetroxide 
to dinitrogen tetr- added to cyclohexene 
oxide in ether. in ether. 
Nitrocyclohexanol from aqueous washings, % ... 21-9 47-1 
Insoluble oil (calc. as dinitrocyclohexane), % _ 62-8 38-5 
84-7 85-6 


The composition, as well as the quantity, of insoluble oil is changed by reversing the order of 


addition of the reagents. Thus in (a) two-thirds of the oil is dinitrocyclohexane and the 
remainder nitrocyclohexyl nitrate with a little nitrocyclohexanol, and in (6) the amount of 
nitrocyclohexyl nitrate does not exceed 2%, four-fifths of the insoluble oil consisting of dinitro- 
cyclohexane with most of the remaining one-fifth being nitrocyclohexanol. An approximate 
allocation of yields between the three €omponents is as follows : 


(a) cycloHexene added (b) Dinitrogen tetroxide 
to dinitrogen tetr- added to cyclohexene 
oxide in ether. in ether. 
1 : 2-Dinitrocyclohexane (I), % 42 30 
2-Nitrocyclohexanol (III), % 25 54 
2-Nitrocyclohexyl nitrate (IV), % 18 2 


The formation of nitrocyclohexy] nitrate thus depends on the presence of excess of dinitrogen 
tetroxide as well as of oxygen. When the order of mixing is reversed, nitrocyclohexyl] nitrate 
formation is virtually suppressed, and addition of the tetroxide as (-NO,)(—O*NO) is favoured 
as compared with that as (-NO,)(-NO,). Characterisation of the products (detailed below) 

(I) by formation of the diamine on reduction and by formation of 1-nitrocyclohex- 
l-ene on reaction with aqueous alkali, (III) by formation and deacetylation of the acetate to 
give 1-nitrocyclohex-l-ene, and (IV) by formation of 1-nitrocyclohex-l-ene on reaction with 
aqueous alkali. 

B. 2:4: 4-Trimethylpent-1-ene.—General. There appears to be no previous work on the 
reaction between oxides of nitrogen and 2: 4: 4-trimethylpent-l-ene. Addition of dinitrogen 
tetroxide to this olefin occurs quite readily both in the absence and the presence of solvents 
(cf. cyclohexene), with the isolation, in good yield, of the new compounds 1 : 2-dinitro-2 : 4: 4- 
trimethylpentane (VI) and 1-nitro-2 : 4 : 4-trimethylpentan-2-ol (VIII). The addition of oxygen 
is unnecessary, the nitro-octyl nitrite (VII) being much more stable than the lower homologues, 
and little nitrate is formed : 


NO,'N ON-O-NO, 
NO,’CH,°CMe(NO,)-CH,’CMe, ——. CH,:CMe-CH,: _ 
(VI. 


NO,-CH,CMe(O-NO)-CH,CMe, mol NO,-CH,-CMe(OH)-CH, CMe, 
(VII.) (VIII.) 
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Yields. The total yield of the two products usually exceeds 80% calculated on the octene 
and dinitrogen tetroxide, the deficiency being practically all accounted for as distillation 
residues and intermediate fractions. Separate and total yields are given in the table below for 
three examples : ° 

(a) Addition of (b) Addition of 
theoretical amount theoretical amount (c) Addition of octene 
of dinitrogen of dinitrogen to excess of 
tetroxide to tetroxide to dinitrogen tetroxide 
liquid octene. octene in ether. in ether. 
1 ; 2-Dinitro-2 : 4 : 4-trimethyl 
tane (VI), % 32-1 43-9 52-9 
1-Nitro-2 : 4: 4-trimethylpentan- 
42-5 42-9 31-4 
74-6 86-8 84-3 


It can be seen that addition of octene to excess of dinitrogen tetroxide favours to a moderate 
extent the formation of the dinitro-compound. In this case, also, there is a high-boiling residue 
containing a dinitroheptane fraction (about 5%) indicating some fission of the double bond : 


2N,0 
CH,;CMe-CH,-CMe, ———> CH,O + (NO,),CMe-CH,-CMe, 


Characterisation of the products (detailed in the experimental section) was: (VI) by reaction 
with ammonia to give ammonium nitrite and 1-nitro-2 : 4: 4-trimethylpent-l-ene, which was 
identified by oxidative fission to 4: 4-dimethylpentan-2-one, and (VIII) by reaction with 
formaldehyde to give 4 : 4-dimethylpentan-2-one and nitrotri(hydroxymethyl)methane. 

The nitro-nitrite is relatively stable, and the whole of the crude nitration product from 
2:4: 4-trimethylpent-l-ene can be converted into the nitro-olefin by reaction with ammonia 
or urea in non-aqueous solvents. Solid ammonium nitrite is formed simultaneously when 
ammonia in dry ether is used, and this reaction affords a simple method for the quantitative 
preparation of this nitrite, normally diffichilt to obtain in solid form. 

C. 2:4: 4-Trimethylpent-2-ene.—General. There appear to be no references in the 
literature to the addition of oxides of nitrogen to this olefin. Addition of dinitrogen tetroxide 
occurs readily both in the presence and in the absence of inert solvents, with the formation of 
the new substances 2 : 3-dinitro-2 : 4 : 4-trimethylpentane (IX) and 3-nitro-2 : 4: 4-trimethyl- 
pentan-2-ol (XI), the latter being derived from the nitro-octyl nitrite (X) first formed. 

NO,NO, ON-O-NO, 

CH,‘CMe(NO,)-CH(NO,)*CMe, <———— CH,*CMe:CH-CMe, 

(IX.) 


CH,*CMe(O-NO)-CH(NO,)-CMe, me... CH,*CMe(OH)-CH(NO,)-CMe, 
(X.) (XI.) 


Yields. The yield of once-distilled material usually exceeds 90% though some loss occurs 
in the final fractionation. In the example described, the yields were : 


2 : 3-Dinitro-2 : 4 : 4-trimethylpentane (IX), % 
1-Nitro-2 : 4 : 4-trimethylpentan-2-ol (XI), % 
Dinitropentane, % 

To 


The small fraction, m. p. 52°5—54°5° (3°6%), corresponded closely on analysis to dinitro- 
pentane and may have been formed by fission : 


2N,0, 
CH,CMe:CH‘CMe, ——> (CH,),C(NO,), + (NO,),CH-CMe, 


(IX) was characterised by reaction with alcoholic sodium hydroxide, giving 3-nitro-2 : 4: 4- 
trimethylpent-2-ene which was identified by oxidative fission to acetone and pivalic acid. A 
surprising feature of (IX) is its stability towards hot concentrated aqueous solutions of sodium 
hydroxide or urea, and it can in fact be separated from the nitro-alcohol (XI) by treatment 
with hot 2n-sodium hydroxide which reacts with the nitro-alcohol and leaves the dinitro- 
compound unchanged. However, (IX) does give the nitro-olefin satisfactorily with alcoholic 
sodium hydroxide or ethoxide. (XI) was characterised by hydrolytic fission with water or 
aqueous alkali to nitroneopentane and acetone : 


CH,CMe(OH)-CH(NO,)CMe, —> Me,CO + CMe,CH,-NO, 
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EXPERIMENTAL. 


Reagents.—Pure liquid dinitrogen tetroxide and dry ether were prepared in the manner previously 
described (Part II). cycloHexene was purified before use by fractional distillation from sodium. The 
trimethylpentenes were obtained by exhaustive fractional distillation of commercial diisobutylene and 
had the following properties: 2:4: 4-trimethylpent-l-ene, b. p. 101-30°, nf 1-4089, temp. of 
miscibility with equal vol. of aniline 45-7°; 2:4: 4-trimethylpent-2-ene, b. p. 104-90°, m2 1-416] 
temp. of miscibility with equal vol. of aniline 45-7°. : 


A. cycloHexene. 


Reaction and Separation Procedure.—cycloHexene was added dropwise to a stirred solution of the 
tetroxide in ether (or vice versa) during ca. 1 hour and the reactants were kept at 0°. Ether and 
tetroxide were then removed, preferably in the falling-film evaporator described in Part I of this series 
of papers, and the product was added to water. The nitro-alcohol was extracted from the aqueous layer 
with ether, dried, and distilled. The insoluble oil was dried and distilled to give dinitrocyclohexane, 
nitrocyclohexanol and nitrocyclohexyl nitrate. The following are accounts of typical experiments. 

(a) Addition to excess of dinitrogen tetroxide in ether with an oxygen stream. 30 G. of cyclohexene 
were added during 1} hours to a stirred solution of 94 g. of dinitrogen tetroxide in 320 g. of ethyl ether 
at 0°, together with a slow stream of oxygen. Solvent and excess of the tetroxide were then removed 
and the product poured into 200 c.c. of water. Reaction was vigorous, the temperature rising to 70°, 
After being kept overnight, the insoluble oily layer was separated and washed successively with 200, 
100, and 100 c.c. of water, leaving 44-5 g. of insoluble oil. The combined aqueous layers were continuous} 
extracted with ether for 60 hours, the extract was dried (Na,SO,), the solvent removed, and the residual 
oil fractionally distilled in a vacuum, to give the following fractions: (i) 11-6 g., b. p. 86—94°/<1 mm; 
(ii) 1-0 g., b. p. 110—120°/<1 mm.; and a residue, 1-4g. Redistillation of the first fraction gave 11-2 
of 2-nitrocyclohexanol, b. p. 90—92° <1 mm. (Found: C, 49-3; H, 7-6; N, 9-7. C,H,,O,;N requires 
C, 49-7; H, 7-6; N, 965%). A portion (19-8 g.) of the insoluble oil was dried by addition to 20 c.c. of 
benzene and removal of the latter in a vacuum. Fractional distillation then gave 17-8 g. of an oil, 
b. p. 72—120°/1—2 mm., and 1 g. of unstable residue. Redistillation gave 10-9 g., b. p. 
76—110°/<1 mm. (the bulk of which boiled at 96—98/<1 mm.), and 4-4 g. of 1 : 2-dinitrocyclohexane, 
b. p. 110—114°/<1 mm. (Found: C, 40-8; H, 5-4; N, 15-7. C,gH,»O,N, requires C, 41-4; H, 5-7; 
N, 160%). The fraction, b. p. 76—110°/<1 mm., contained a little nitrocyclohexanol but was largely 
a mixture of dinitrocyclohexane and 2-nitrocyclohexyl nitrate in 60:40 molar ratio, determined by 
analysis and the nitrite-nitrogen content of the aqueous layer after interaction with alkali. 

(b) Addition of the theoretical amount of dinitrogen tetroxide to cyclohexene in ether with an oxygen 
stream. 33-6 G. of dinitrogen tetroxide in 36-4 g. of ether were added in 1} hours toa stirred solution of 
30 g. of cyclohexene in 220 g. of ether at 0°, together with a very slow stream of oxygen. The solvent 
was then removed and the residual product added to 200 c.c. of water. After being kept overnight, the 
insoluble layer was separated and washed successively with 200-, 100-, and 100-c.c. portions of water, 
leaving 27 g. of insoluble oil (cf. above). The combined aqueous layers were extracted with ether, the 
extract was dried, the solvent evaporated under suction, and the residual oil distilled in a vacuum to 
give (i) 25-0 g., b. p. 58—98°/<1 mm., (ii) 2-0 g. b. p. 130—140°/<1 mm., and (iii) 2-1 g.(residue). The 
first fraction was redistilled to give 2-1 g., b. p. <94°/<1 mm. (Found: N, 9-5%), and 18-5 g. of nitro- 
cyclohexanol, b. p. 94°/<1 mm. (Found: C, 49-3; H, 7:7; N, 9-8%). The insoluble oil, when dried 
as before with benzene and distilled, gave 24-5 g., b. p. 82—140/1—2 mm., and 0-9 g. of residue. Two 
redistillations gave 5-0 g., b. p. 82—101°/<1 mm. (mainly nitrocyclohexanol), and 15-9 g. of dinitro- 
cyclohexane, b. p. 104°/<1 mm. (Found: N, 15-7%). 

Properties and Characterisation of Products.—1 : 2-Dinitrocyclohexane (I) is an almost colourless 
liquid, b. p. 110°/<1 mm. 

Reduction to 1: 2-diaminocyclohexane. 0-604 G. of (I) was reduced to the diamine in 30 c.c. of 
acetic acid with hydrogen at 100 atm. and in the presence of 0-0240 g. of Adams’s platinum catalyst. 
The solution was filtered and then saturated with hydrogen chloride, and the acetic acid removed under 
suction, to leave 0-8 g. of residue (Found, on the dihydrochloride after reprecipitation from alcohol with 
ethyl acetate: Cl, 37-8. Calc. for C,H,,N,,2HC1: Cl, 37-8%). The dipicrate was prepared by adding 
the dihydrochloride in water to picric acid in water at 50° (Found: C, 37-7; H, 3-5; N, 19-4. Calc. for 
C,H,,N;,2C,H,0O,N;: C, 37-8; H, 3-5; N, 19-6%). 

Formation of 1-nitrocyclohex-l-ene. 44-5 G. of 1 : 2-dinitrocyclohexane were dissolved in 250 c.c. of 
ether, and 10-25 g. of sodium hydroxide in 200 c.c. wateradded slowly withstirring. After being stirred for 
a further 5 hours, the aqueous layer was removed and acidified with 50% acetic acid, some oil separating. 
The aqueous layer was then extracted with ether, and the ethereal extract added to the original ethereal 
layer. Ether was removed under suction, and the residue (31-5 g.) was steam-distilled to give a pale 
yellow oil. The distillate was extracted 3 times with 100-c.c. portions of ether, and the combined 
extract dried (CaCl,). Vacuum-distillation gave (i) 18-8 g., b. p. 67—-69°/<1 mm., and (ii) 3-2 g., b. B 
69—96/<1 mm. Redistillation 7 17-8 g. of 1-nitrocyclohex-l-ene, b. p. 64°/<1 mm. (Found: C, 
56-4; H, 6-9; N, 10-8. Calc. for C,H,O,N: C, 56-7; H, 7-1; N, 11-0%), and 3-4g. of unchanged dinitro- 
cyclohexane; yield of nitrocyclohexene, 59%. 

The nitrocyclohexene was reduced to cyclohexanone oxime, m. p. 89° (Wieland and Blumlich, Joc. 
cit.), in poor yield with zinc dust and acetic acid (Found : C, 63-7; H, 9-8; N,12-9. Calc. forC,H,,ON: 
C, 63-7; H, 9-7; N, 124%). 

2-Nitrocyclohexanol (III) is a colourless liquid b. p. 92°/<1 mm. which slowly crystallises when 
kept. After crystallisation from chloroform containing a little light petroleum it melts at 47—48° 
(Found: C, 50-3; H, 7-6; N, 9-9. C,H,,0O,N requires C, 49-7; H, 7-6; N, 9-7%). 

Formation and deacetylation of 2-nitrocyclohexyl acetate. Nitrocyclohexanol (7-25 g.) was acetylated 
with acetic anhydride (12-2 g.) and concentrated sulphuric acid (two drops). Excess of acetic anhydride 
was distilled off under reduced pressure, and the residue dissolved in Coaiiene and washed twice with 
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50-c.c. portions of water. After removal of the solvent, the product was distilled to give 7:3 g. of 
9-nitrocyclohexyl acetate and on re-distillation, 7-1 g., b. p. 96—97°/<1 mm. (Found: C, 51-0; H, 7:1; 
N, 7-7. CgH,,0,N requires C, 51-3; H, 6-95; N,7-5%). 5-9 G. of the acetate were heated with 0-2 g. 
of anh potassium carbonate for 30 minutes at 105° and then distilled to give 4-6 g. of a substance, 
b. p. 62—94°/<1 mm. The distillate was heated for a further 45 minutes at 110° with 0-2 g. of carbonate 
to complete the reaction, and then distilled, to give 3-4 g. of 1-nit hex-l-ene, which after 
redistillation, had b. p. 60—64°/<1 mm. (Found: C, 56-7; H, 7-1; N, 10-7%). 

2-Nitrocyclohexyl nitrate (IV). From an insoluble oil p as in (a) a first fraction of nitro- 
cycloby 1 nitrate was obtained on fractional distillation (Found : C, 38-4; H, 5-3. C,H »O,N, requires 
€, 37-9; H, 5-3%). (IV) is an almost colourless liquid, b. p. 98°/<1 mm. It reacts with alkali, like 
1: 2-dinitrocyclohexane to give 1-nitrocyclohex-l-ene. 

cycloHexene “‘nitrosite’’ (V) is a white solid, m. p. 152—153°, after recrystallisation from ethyl 
acetate (Found: C, 45-4; H, 6-5; N,17-4. Calc. for C,H,,O,N,: C, 45-6; H, 6-3; N, 17-6%). 


B. 2:4: 4-Trimethylpent-1-ene. 


Reaction and Separation Procedure.—The olefin may be added to excess of pure or dissolved tetroxide, 
or the theoretical amount of liquid tetroxide may be added to the pure or dissolved olefin. In either 
case the mixture is cooled and thoroughly stirred. After removal of excess of tetroxide and solvent, 
the product is treated with water to convert the nitro-octyl nitrite into the nitro-octanol. Owing to 
the greater stability of the nitrite and the insolubility of the resulting nitro-alcohol, this conversion is 
completed more slowly than in the case of the lower members. The washed oil is dried and fractionally 

istilled to isolate the dinitro-octane and the nitro-octanol. Distillation proceeds quite smoothly in 
contrast to the behaviour noted with the lower olefins when oxygen is omitted. The following are 
accounts of typical experiments. 

(a) Addition of the olefin to excess of dinitrogen tetroxide in ether. 332 G. of the olefin were added drop- 
wise during 3 hours to a well-stirred solution of 790 g. of dinitrogen tetroxide in 1830 g. of dry ethyl ether 
at —5°. Solvent and excess of the tetroxide were then removed and the product, a yellow oil, was 
stirred with two 600-c.c. portions of water for 20 minutes to hydrolyse the nitro-nitrite. The oil was 
set aside overnight with water and then separated to give 623 g. of washed oil, or 610 g. after drying by 
azeotropic distillation with benzene. Fractional distillation of the dried oil gave (i) 31-5 g., b. p. 
52—58°/0-5 mm.., (ii) 137-9 g., b. p. 58—68°/0-5 mm.., (iii) 339-3 g., b. p. 80—130°/<1 mm., and a residue, 
54-2 g. Fractions (i) and (ii) were bulked and redistilled to give 162-9 g. (31-4%) of 1-mitro-2: 4: 4- 
trimethylpentan-2-ol, b. p. 58—62°/<1 mm. (Found: C, 56-0; H, 9-8; N, 82. C,H,,0O,N requires 
C, 54:9; H, 9-7; N, 8-0%), and 4-2 g. of residue. Fraction (iii) was redistilled to give (iv) 8-3 g., b. p. 
78—94°/<1 mm., (v) 319-7 g., b. p. 94—102°/<1 mm., (vi) 6-2 g., b. p. 102—125°/<1 mm., and 1-6 g. 
of residue. The main fraction (v) was 1 : 2-dinitro-2 : 4: 4-trimethylpentane (52-9%) (Found: C, 
47-2; H, 7-8; N, 13-6. C,H,,0O,N, requires: C, 47-1; H, 7-8; N, 13-7%). The distillation residues 
(60-0 g.) and intermediate fractions (14-5 g.) would account for 12-3% of the octene if calculated as 
dinitro-octane. The large residue from the initial distillation of the washed and dried oil distilled 
completely at 130—135°/<1 mm. and gave a fraction for which analytical figures agreed closely with 
those for dinitroheptane, indicating some fission of the double bond. 

(b) Addition of the theoretical amount of dinitrogen tetroxide to the olefin in ether. 246 G. of dinitrogen 
tetroxide were added dropwise during 5 hours to a solution of 300 g. of the octene in 1800 g. of dry 
ethyl ether at —5°. The product was worked up in the manner described above to give 200-8 g. 
(429%) of pure 1-nitro-2:4: étclnetiagipentanb-oh and 239-8 g. (43-9%) of 1: 2-dinitro-2: 4: 4- 
trimethylpentane. In this case, the oil distilled to dryness without leaving a high-boiling residue. 

(c) Addition of the theoretical amount of dinitrogen tetroxide to the olefin without a solvent. 46 G. of 
dinitrogen tetroxide were added dropwise during 2} hours to 56 g. of the olefin at —5° with stirring. 
When worked up, 37-2 g. of the nitro-octanol and 32-7 g. of the dinitro-octane were obtained; yields, 
42:5% and 32-1%, yr ret calculated on the octene. 

voperties and Characterisation of Products.—1 : 2-Dinitro-2:4:4-trimethylpentane (VI) is a 
white crystalline solid, m. p. 19-5°, which distils in a vacuum to give a water-white liquid, b. p. 
96°/<1 mm., d7 1-126, n? 1-464. Like 1: 2-dinitropropane (Part III, loc. cit.), it sesses one 
asymmetric carbon atom and has a m. p. considerably lower than would be expected of a dinitro-octane. 
It reacts readily with alkalito give l-nitro-2 : 4 : 4-trimethylpent-l-ene, oxidative fission of which yields 
4: 4-dimethylpentan-2-one. Interaction of (VI) with aqueous alkali or bases is usually accompanied 
by some hydrolytic fission of the nitro-olefin; thus n-NaOH gives only a 66% yield, and aqueous urea 
at 95° only a 54% yield. Ammonium hydrogen carbonate in methyl alcohol gives 4 : 4-dimethyl- 
pentan-2-one as main product, but practically quantitative yields of the nitro-olefin are obtained by 
interaction with ammonia or urea in non-aqueous solvents. Solid ammonium nitrite is formed 
simultaneously with the nitro-olefin when ammonia in dry ether is used. 

Formation of 1-nitro-2: 4: 4-trimethylpent-l-ene. 30 G. of the dinitro-octane were dissolved in 
250 c.c. of dry ether, and dry ammonia gas passed into the solution till ammonium nitrite ceased to be 
precipitated. The latter was rapidly filtered off and dissolved in water, and occluded nitro-octene 
extracted with ether. The extract was dried (CaCl,) and added to the original ethereal solution. 
Removal of solvent under reduced pressure and distillation of the crude nitro-olefin gave 18-4 g. of 
1-nitvo-2 : 4 : 4-trimethylpent-l-ene, b. p. 57—59°/<1 mm. (Found: C, 61-0; H, 96; N, 9-0. 
C,H,,0,N requires C, 61-1; H, 9-6; N, 89%), d?° 0-996, nf? 1-456, and 3-6 g. of unchanged dinitro- 
octane. 


_ 4: 4-Dimethy m-2-one from nitro-olefin by oxidative fission (NO,°CH:CMe-CH,’CMe, ——> 
O:CMe-CH, . Toa solution of 15-34 g. of the nitro-octene in 200 c.c. of acetone, kept at 20°, 
ered potassium permanganate was added during 2} hours and stirring was continued for a further 
hours. The permanganate was readily reduced in amount equivalent to 4 atoms of oxygen per 
molecule of nitro-olefin. The reaction mixture was saturated with carbon dioxide, and manganese 
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dioxide sludge filtered off. After evaporation of the acetone from the filtrate, distillation gave fractions 
1-2 g., b. p. 62—126° (mainly 72°), and 6-3 g., b. p. 126—130° (Found: C, 73-4; H, 12-9. Calc. for 
C,H,,0: C, 73-7; H, 12-3%) [Butlerow (Annalen, 1877, 189, 78) oe prey 4 : 4-dimethylpentan-2-one, 


b. P: 125—130°, by oxidation of 2: 4: 4-trimethylpentan-2-ol]. The P rage of dimethylpentanone was 
50%. The 2: 4-dinitrophenylhydrazone had m. p. 101—102° (Foun C, 52-0; H, 5-8; N, 190, 
C13H,,0,N, requires C, 52-9; H, 6-4; N, 19-0%). 

1-Nitro-2 : 4 : 4-trimethylpentan-2-ol (VIII) is a colourless liquid, b. p. 62°/1 mm., d?° 0-965, nb 
1-452. Acetylation with acetyl chloride gives the acetate, b. p. 84°/ca. 1 mm. 

Reaction with formaldehyde. 3-5 G. of the nitro-alcohol were treated with 1-8 g. of paraformaldehyde 

in alcohol with the addition of a small pellet of sodium hydroxide. Volatile material was removed by 
evaporation at 25° in a vacuum and collected in a receiver cooled with solid carbon dioxide-methy| 
alcohol. The residue, a yellow solid, was recrystallised from ethyl acetate to give 2-8 g. of nitrotri- 
hydroxymethyl)methane, m. p. 156° (92-7%). The volatile material, on fractional distillation, gave 
i) 0-5 g., b. p. 80—112°, and (ii) 1-64 g., b. p. 128—130° (73-2%) (identified as 4 : 4-dimethylpentan-2- 
one, P yw | obtained from 1-nitro-2: 4: 4-trimethylpent-l-ene). Reaction was as follows: 
3CH,O + NO,°CH,*CMe(OH)-CH,*CMe, —-> NO,°C(CH,°OH), + Me*CO’CH,°CMe,;. Reaction of the 
nitro-alcohol (vit) with aqueous sodium hydroxide also gives the ketone. 

(iii) Conversion of the Nitration Product from 2:4: 4-Trimethylpent-l-ene into 1-Nitro-2 : 4: 4-tri- 
methylpent-l-ene.—(a) With urea. 53-2 G. dinitrogen tetroxide were added during 4 hours to a solution 
of 66 g. of the olefin in 366 g. of sodium-dried dioxan at —5° and, after a further 15 minutes’ stirring, 
53 g. of powdered urea were added. Vigorous reaction set in and the mixture was finally heated at 
95—100° for 1} hours. After removal of the dioxan, distillation of the residual oil gave two fractions 
corresponding to nitro-olefin and unchanged dinitro-octane. The latter was therefore treated with a 
further quantity of urea in dioxan at 95—100° for 3} hours, the solvent removed, and the oil distilled. 
A total of 71-7 g. of 1-nitro-2 : 4: 4-trimethylpent-l-ene was obtained; yield, 77-5% calculated on the 
olefin. 

(b) With ammonia. In this case 30 g. of the octene were treated with the equivalent amount of 
dinitrogen tetroxide in ethyl ether, and gaseous ammonia was passed into the resulting mixture until 
ammonium nitrite was no longer deposited. When the mixture was worked up in the manner already 
described for this preparation from the pure dinitro-octane, 33-5 g. of 1-nitro-2 : 4 : 4-trimethylpent- 
l-ene were obtained; yield, 79-5% calculated on the olefin. 


C. 2:4: 4-Trimethylpent-2-ene. 


Reaction and Separation Procedure.—Although the various methods described under (B) may be 
used in this case, the procedure most used has been the addition of the liquid olefin to excess of tetroxide 
in ether with stirring and cooling. Removal of excess of the tetroxide and solvent then followed in the 
usual manner and the product was stirred with water to convert the nitro-nitrite into the nitro-octanol. 
In this case too, the nitrite is fairly stable in the cold and hydrolysis is not as rapid as with the lower 
members. The washed oil was dried and fractionally distilled to separate the two main products. 
Vacuum-distillation proceeded quite smoothly, even when oxygen was not used in the reaction. The 
following is an account of a typical reaction. 

200 G. of the liquid olefin were added dropwise during 3 hours to a well-cooled solution of 476 g. of 
the tetroxide in 1-1 kg. of dry ethyl ether cooled to 0°. After a further 4 hour’s stirring, the solvent 
and excess of the tetroxide were removed by suction, leaving an almost theoretical yield of crude 
product. The oil was treated with water in the manner described for the isomeric octene and dried with 
benzene, to give 348 g. of oil, vacuum-distillation of which yielded a total of 321-3 g. of fractions boiling 
between 52° and 132° at <1 mm. and only 2-5 g. of residue. The fractions boiling below 105°/1 mm. 
were bulked and redistilled through a high-efficiency column, to give the fractions: (i) 74-1 g., b. p. 
44—52° (mainly 48°) /ca. 0-5 mm., (ii) 66-6 g., b. p. 52—56° (mainly 54°) /ca. 0-5 mm., (iii) 128-5 g., b. p. 
56—74° (mainly 68°) /ca. 0-5 mm., and a residue, 8-0 g. Fraction (iii), which set to a semi-crystalline 
mass, was shown to be 2: 3-dinitro-2: 4: 4-trimethylpentane (Found: C, 48-4; H, 82; N, 13-7. 
C,H,,0,N, requires C, 47-1; H, 7-8; N, 137%). Fraction (ii) was treated with warm alkali to separate 
dinitro-octane and was thereby shown to contain 40-8 g. of 2 : 3-dinitro-2 : 4 : 4-trimethylpentane and 
25-8 g. of 3-nitro-2 : 4 : 4-trimethylpentan-2-ol (Found : C, 49-3; H, 7-7; N, 11-3. A mixture of 61:3% 
of C,H,,0,N, and 38-7% of C,H,,0,N requires C, 50:0; H, 8-4; N, 11-5%). Analytical values for 
fraction (i) corresponded fairly closely to those for nitro-octanol (Found: C, 55-4; H, 9-3. Calc. for 
C,H,,0,N: C, 54-9; H, 9-7), but the material was shown on treatment with warm alkali to contain 6-0 g. 
of dinitro-octane. Total estimated yields were thus 48-2% of dinitro-octane and 31-7% of nitro-octanol, 
calculated on the olefin. Materials from the first distillation boiling above 105°/1 mm. were bulked and 
redistilled to give 29-6 g., b. p. 105—132° (mainly 126°)/ca. 1 mm., the methyl-alcoholic solution of 
which deposited, on freezing, 10-4 g. (3-6% calc. on the olefin) of a white crystalline solid, m. p. 
52-5—54° (Found: C, 38-2; H, 6-0; N, 16-9. Calc. forC,H,,O,N,: C, 37-0; H, 6-2; N, 17-3%). 

Properties and Characterisation of Products.—2 : 3-Dinitro-2 : 4: 4-trimethylpentane (IX) is a 
white crystalline solid m. p. 46°. It distils at 68°/ca. 0-5 mm. to give a clear colourless liquid which sets 
to a crystalline mass. Like the 1 : 2-isomer it has an asymmetric carbon atom and the m. p. is lower 
than expected. 

Formation of 3-nitro-2 : 4 : 4-trimethylpent-2-ene. The dinitro-octane (20-4 g.) was allowed to react 
with an alcoholic solution of sodium hydroxide (4-4 g.), whereupon the quantitative amount of sodium 
nitrite was precipitated. This was filtered off, and the alcohol was evaporated from the filtrate under 
reduced pressure. After acidification with 25% acetic acid, the oil was extracted with ether, the ether 
removed, and the residue distilled in a vacuum, to give 9-7 g. of 3-mitro-2 : 4 : 4-trimethylpent-2-ene, 
b. p. 82°/12 mm. (Found: C, 61-0; H, 9-3; N, 10-0. C,H,,O,N requires C, 61-1; H, 9-6; N, 8-9%)- 
Reduction with zinc and acetic acid gave an oxime (Found: C, 66-7; H, 11-9; N, 10-3. Calc. for 
C,H,,ON: C, 67-1; H, 11-9; N, 9-8%). 
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Formation of acetone and pivalic acid on oxidative fission of the nitro-olefin [CH,-CMe:C(NO,)*CMe, ——> 
Me,CO + CMe,°CO,H]. 5-55 G. of the nitro-olefin were heated under reflux for 20 hours with potassium 
permanganate solution, added at intervals, till the colour just persisted. Manganese dioxide sludge 
was then filtered off, and the aqueous layer which contained small globules of oil was neutralised and 
extracted with ether. The extract was dried (CaCl,), the ether removed, and the residue distilled, to 
give 2-9 g. of a liquid, b. p. 70°/17 mm. (Found: C, 60-6; H, 11-1. Calc. for C,H,,O,: C, 58-8; H, 
98%) (ci. pivalic acid, b. p. 75—78°/20 mm.). Interaction of the aqueous layer (remaining after the 
ether-extraction above) with 2: 4-dinitrophenylhydrazine solution gave a hydrazone, m. p. 127° 
(Found: C, 46-0; H, 4-4; N, 24-0. Calc. for CsH,O,N,: C, 45-4; H, 4:2; N, 23-5%), mixed m. p. 

ith acetone 2 : 4-dinitrophenylhydrazone 128°. 

3-Nitro-2 : 4 : 4-trimethylpentan-2-ol (XI) is a colourless liquid, b. p. 48°/ca. 0-5 mm. 

Formation of acetone and nitroneopentane on hydrolytic fission. 41-5 G. of (XI) were stirred with 
25 g. of sodium hydroxide dissolved in 200 c.c. of water. On acidification with hydrochloric acid at 0°, 
a greenish oil separated and was extracted with ether. The extract was dried (Na,SO,), the solvent 
removed under suction, and the residue distilled to give 14-8 g. of nitroneopentane, a colourless liquid, 
b. p. 146°/760 mm. (Found: C, 51-3; H, 8-7; N, 11-9. Calc. for C,H,,0,N: C, 51-3; H, 94; N, 
120%). Acetone 2: 4-dinitrophenylhydrazone, m. p. 127°, was obtained from the aqueous layer 
(Found: C, 45-0; H, 4:5; N, 241%). 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, [Received, October 29th, 1946; 
RESEARCH DEPARTMENT, BILLINGHAM, Co. DURHAM. resubmitted, August 10th, 1949.) 





554. Some Consequences of the Additive Property of the Activated 
Azomethine Group. 


By W. Davies, T. H. Ramsay, and E. R. STove. 


The additive property of N-acylated yy eee accounts for the formation of 
3-hydroxy-3-phenylphthalimidine (IX; R = Ph) by the permanganate oxidation of 1-phenyl- 
isoquinoline. The oxidative degradation of isoquinoline to form phthalimide is explained 
similarly. The additive property of the activated azomethine group renders Fischer’s formula 
CHPh:N-CO-CHR,OH, for “ benzylidenelactamide’’ and ‘“‘ benzylidenemandelamide ”’ 
improbable, and it has now been proved that these compounds are substituted oxazolidines. 
Similarly the condensation of benzaldehyde with the thioglycollamide gives 2-phenylthiazolid-4- 
one (XXI), and not CHPh:N-CO’CH,’SH. The oxazolidine and the thiazolidine structure of 
other, related compounds are discussed. 


Ir has been shown by Banfield, Brown, Davey, Davies, and Ramsay (Austral. J. Sci. Res., 
1948, 1, A, 330) that formation of crystalline addition products with alcohols, amines, and 
thiols is a characteristic property of N-acylketimines (I) when R, and R, are aromatic. 
For example, (I) forms (II) with ethanol. It has also been found that the electrophilic group 
on the nitrogen atom need not be acyl, since carbalkoxy-groups are effective. The addition 
CR,R,:N-CO'R, EtO-CR,R,’NH’CO'R, CPhEt:N-CO-CH, CH,°CH:CPh:NH:CO:CH, 
(I.) (II.) (III.) (IV.) 
is much diminished or prevented by steric hindrance, ¢.g., it does not occur when R, is 
a-naphthyl though it does when R, is §-naphthyl. Another limiting factor is seen when one 
of the groups in (I) is aliphatic, as in N-acetylphenyl ethyl ketimine (III) which does not form a 
crystalline adduct and behaves in all respects as though it were (IV), in which the azomethine 
group is'absent. 

A consideration of the properties of the azomethine group in (I) and in the related Schiff’s 
base (V) indicates that N-acylaldimines will combine with alcohols, amines, and thiols. 
Thiols seem not to have been recorded as forming addition products with Schiff’s bases, but 
addition products are apparently formed when they can be stabilised by ring formation 
through subsequent condensation. Thus, Erlenmeyer and Oberlin (Helv. Chim. Acta, 1947, 
80, 1329) and Surrey (J. Amer. Chem. Soc., 1947, 69, 2911) found that (V) will slowly combine 
with hot thioglycollic acid to form a thiazolid-4-one (VII), to which the intermediate product 
(VI) is the only reasonable precursor. As the nitrogen atom in a Schiff’s base is not attached 


CHAr:N-Ar CO,H-CH,’S‘CHAr-NHAr 
(V.) (VI.) 


to a strong electrophile as it is in N-acylaldimines it is to be expected that the additive power 
of the latter class will be greater than that of Schiff’s bases. Also a comparison of the properties 
8H 
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of aldimines and ketimines shows that the N-acylaldimines should be at least as reactive as 
N-acylketimines. 

This tendency of the C:N linkage to combine additively explains the formation of 3-hydroxy- 
3-phenylphthalimidine (IX; R = Ph) in the permanganate oxidation of 1-phenylisoquinoline, 
Though ammonium o-benzoylbenzoate is converted (Beilstein, vol. X, p. 749) at 160—179° 
into (IX; R= Ph), this is not formed by prolonged heating of o-benzoylbenzoic acid with 
dilute ammonia and is thus unlikely to be produced below 100° from these probable by-products 
in the above oxidation. Accordingly, the following explanation of the formation of (Ix; 
R = Ph) is advanced. The oxidation product (X; R= Ph) of 1-phenylisoquinoline is an 
aryl phenyl ketimine with the electrophilic CO,K group attached to the nitrogen atom. The 
addition of water would produce (XI; R = Ph) which by loss of carbon dioxide, followed by 
ring closure, would give (IX; R= Ph). The oxidising medium is slightly alkaline, and it has 
been found that bases catalyse the addition of alcohols and presumably water to N-acyl di- 
phenyl ketimines. An alternative route to (IX; R = Ph) is via (XII; R= Ph), and (XIII; 
R = Ph), further oxidation and loss of carbon dioxide being followed by cyclisation. There 
are other possible routes to (IX; R = Ph), but the greater probability of one mechanism 
compared to another is, with the knowledge at present available, a matter of conjecture. The 
mechanism now put forward is that oxidation results in the formation of an electrophilic group 
on the nitrogen atom, thus causing the addition of water to the azomethine group, and that the 
carbon atom on the nitrogen atom is lost as carbon dioxide. 

The same mechanism explains the formation of phthalimide in the oxidation of isoquinoline 
itself in the presence of magnesium sulphate (Goldschmiedt, Monatsh., 1888, 9, 676), but not 
‘with acid oxidising agents. Oxidation of isoquinoline could give (X; R =H) or (XII; 
R =H); addition of water to the activated azomethine group would result in (XI; R= H) 
and (XIII; R =H) in the ways already suggested. The product (IX; R= H) from iso- 
quinoline is a secondary alcohol which is oxidised to the corresponding ketone, phthalimide. 


Several reported examples of hydroxy-N-acylaldimines are shown in this paper to be cyclic 
compounds. In an attempt to prepare a phenylmethyloxazole from benzaldehyde and 
acetaldehyde cyanohydrin in ethereal hydrogen chloride, Fischer (Ber., 1896, 29, 213) obtained 
“‘ benzylidenelactamide ” (XIV), m. p. 133—134°. In view of the present work it is likely 
that the compound is actually 2-phenyl-5-methyloxazolid-4-one (KV; R= Me). The recorded 
properties, such as solubility in alkali and hydrolysis with mineral acids to form benzaldehyde, do 
not distinguish between (XIV) and (XV). However, it is now found that there is no chemical 
evidence for the presence of the hydroxyl group in the compound, which is inert to phenyl 
isocyanate and thionyl chloride, though lacto-p-toluidide (XVI), which has some resemblance 
to (XIV), reacts with them as expected. Absence of an activated azomethine group is indicated 


CHPh:N-CO-CHMe-OH 
(XIV.) HY . ny ‘ 
PhH i 
p-C,H,Me‘NH-CO-CHMe-OH \o’ HR Phy HR 
-" (XV.) (XVIL) 


by inability of the compound to add piperidine, or alcohols in the presence of a basic catalyst, 
and also by its inertness to magnesium in boiling methyl alcohol. This reagent readily reduces 
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azomethine groups in Schiff’s bases (Zechmeister and Truka, Ber., 1930, 63, 2883) and 
that in N-propionyldiphenylketimine, which is converted into propionobenzhydrylamide. The 

bability of the cyclic structure was further shown by the condensation of lactamide and 
diphenyl ketimine (which has many analogies with benzaldehyde) to form ammonia and 
2 : 2-diphenyl-5-methyloxazolid-4-one (XVII; R = Me), the structure of which was shown by 
the absence of a hydroxyl group. ‘“‘ Benzylidenelactamide ” was similarly made by heating 
lactamide and benzaldehyde, and this total of chemical evidence for the formula (XV) is 
confirmed by infra-red spectral analysis. 

“ Benzylidenemandelamide,”’ colourless needles, was prepared by Michael and Jeanprétre 
(Ber., 1892, 25, 1682) from mandelonitrile and fuming hydrochloric acid, and by heating 
mandelamide with benzaldehyde into which it is reconverted by hydrolysis (Fischer, /oc. cit., 
p. 207). Michael and Jeanprétre preferred the structure benzylidenemandelamide (as XIV) 
to 2: 5-diphenyloxazolid-4-one (KV; R= Ph) because the compound gave a monoacetyl 
derivative but not a nitroso-compound. ‘‘ Benzylidenemandelamide ” (which, when pure, has 
m. p. 203—204°) was obtained (m. p. 195°) as a by-product in the synthesis of 2 : 5-diphenyl- 
oxazole (Fischer, loc. cit.; cf. Ingham, J., 1926, 692). The elucidation of its structure has 
been hindered by its confusion (unnoticed in Wiley’s survey of oxazoles, Chem. Reviews, 19465, 
87, 401) with the acetal (XVIII), for which similar m. p.s (196°5° to 202°) are recorded. Thus 
Schuster (J. Pharm. Chim., 1936, [viii], 28, 142) obtained yellow crystals, m. p. 196°, considered 
to be ‘‘ benzylidenemandelamide ’”’ by the reaction of potassium cyanide with the bisulphite 
compound of benzaldehyde. Savelsberg (J. pr. Chem., 1916, [ii], 98, 271; 1917, 96, 186) had 
previously used this reaction for the preparation of the acetal (XIX), greenish crystals, m. p. 
202°, the constitution of which had been established by Stollé (Ber., 1902, 35, 1590). Schuster’s 
conversion of his ‘‘ benzylidenemandelamide ”’ into 2 : 5-diphenyloxazole by hydrogen chloride 
is now understandable, because any water present would regenerate the original components 
of the acetal which could then react according to the Fischer oxazole synthesis. The evidence 
that Schuster’s compound was the acetal is supported indirectly by his condensation of 
potassium cyanide with the bisulphite compound of anisaldehyde, which gave yellow needles, 
m. p. 154° (C,;H.,O;N,), of unknown constitution. His analysis shows the compound 
to be anisaldehyde bis-a-cyano-p-methoxybenzyl acetal, p-MeO-C,H,-CH[O*CH(CN)°C,H,*OMe-)}, 
(Found: C, 70°0; H, 6:0; N, 65%; M, 433. C,,H,,0O,N, requires C, 70°3; H, 5°4; N, 63%; 
M, 444). 

HN O 


PhH H 
CHPh(O-CHPh:CN), CHPh:N-CO-CH,SH a a 
(XVIII) (XIX.) (XX.) 


The present work has shown that the actual structure of “ benzylidenemandelamide ”’ is 
2 : 5-diphenyloxazolid-4-one (XV; R = Ph), which is supported by the kind of chemical and 
physical evidence which has proved the structure of (XV). The acetyl derivative, m. p. 123° 
(Michael et al., loc. cit.), is possibly 4-acetoxy-2 : 5-diphenyloxazoline. Though the present authors 
have not experimented with ‘ anisylidenemandelamide,” m. p. 182° (Minovici, Ber., 1896, 
29, 2099), its method of preparation shows it to be analogous to (XV), i.e., 5-phenyl-2-p- 
methoxyphenyloxazolid-4-one. ‘‘ Benzylidene-p-methoxymandelamide,” m. p. 183° (Minovici, 
loc. cit., p. 2100), is likewise considered to be 2-phenyl-5-p-methoxyphenyloxazolid-4-one. 

It is to be expected that, if N-benzylidenethioglycollamide (XIX) could be prepared, simple 
chemical tests for the thiol group would decide whether it existed as such or as the cyclic 
isomeride 2-phenylthiazolid-4-one (XX). Benzaldehyde readily condenses with thioglycoll- 
amide to form (XX). The lack of reaction with sodium nitroprusside and cold sodium plumbite 
supports this formula, with which the infra-red spectrum is not inconsistent. The only 
evidence in favour of formula (XIX) is that the compound in alcohol gives a positive test with 
iodine-sodium azide ; however, some thiazolidines (Quart. Reviews, 1948, 2, 203) are hydrolysed, 
to give thiol reactions with the sensitive iodine-sodium azide reagent. (XX) is rapidly 
hydrolysed to benzaldehyde by boiling water, whereas the oxazolidine analogue (XV) requires 
the use of hot mineral acid. 2: 2-Diphenylthiazolid-4-one, from diphenyl ketimine and thio- 
glycollamide, has properties similar to those of (XX). Both are rapidly hydrolysed by cold 
acid or boiling sodium hydroxide solution, but only slowly by cold dilute aqueous ammonia. 


EXPERIMENTAL. 
Conversion of 1-Phenylisoquinoline into 3-H ydroxy-3-phenylphthalimidine.—Potassium permanganate 
(2 g.) in water (70 ml.) was gradually added during 2 hours to a continuously stirred refluxing suspension 
of 1-phenylisoquinoline (1 g.) in water (100 ml.) on a boiling water-bath. The precipitated manganese 
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dioxide was well washed with boiling water, and the washings and filtrate were concentrated to 50 ml 
and cooled overnight; 0-7 g. of the phthalimidine (IX; R = Ph) m. p. 165°, separated in felted needles 
(Found: C, 74-5; H, 4-9; N, 6-4. Calc. for C,4H,,O,N: C, 74-7; H, 4-9; N, 6-2%). It was readily 
soluble in hot, sparingly in cold, water, soluble in mineral acid and sodium hydroxide solution, insoluble 
in aqueous ammonia. It was identical (mixed m. p.) with a specimen made from phenylmagnesiym 
bromide and phthalimide (Béis, Compt. rend., 1904, 189, 62). 

Propionobenzhydrylamide.—Diphenyl N-propionyl ketimine (2 g.) (Banfield e¢ al., loc. cit.), magnesium 
turnings (1 g.), and methanol (15 ml.) were warmed until reaction began; cooling was then required 
After final heating on the water-bath (total time of reaction, 1 hour), the methanol was distilled off at 
ordinary pressure, acetic acid (20 ml.; 40%) added to the residue, and the undissolved portion 
recrystallised from light petroleum (b. p. 100—120°) in plates, m. p. 144-5° (Found: C, 80-25; H, 7-9. 
C,,H,,ON requires C, 80-4; H, 7-11%). Propionobenzhydrylamide was hydrolysed by heating it with 
dilute hydrochloric acid for 4 hours; the solution with alkali yielded to ether a base, the benzoy] 
derivative of which was identical with benzobenzhydrylamide (m. p. and mixed m. p. 172—174°). 

Reactions of Lacto-p-toluidide.—Lacto-p-toluidide (XVI) (Leipen, Monatsh., 1888, 9, 49) reacted 
instantly with thionyl chloride to form sulphur dioxide and hydrogen chloride. The urethane, m. p. 
150—151° (from alcohol), is formed by heating equimolecular quantities of the toluidide and phenyl 
isocyanate in a sealed tube for an hour at 100° (Found: N, 9-2. C,,H,,0;N, requires N, 9-4%). 

2-Phenyl-5-methyloxazolid-4-one (XV ; R = H).—This was obtained essentially after Fischer (Joc. cit.), 
the ethereal solution of acetaldehyde cyanohydrin and benzaldehyde being kept for a month at room 
temperature, the ether then allowed to evaporate, and the residue crystallised from water or 
light petroleum, to give needles, m. p. 133—134°. It was also formed in much better yield by heating 
lactamide with a slight excess of benzaldehyde at 120—150° for 4 hours. Unchanged reactants were 
removed by washing with a little ether, and the residue crystallised from water. Only a little unchanged 
(XV) was obtained when it was treated with excess of magnesium and methanol for 12 hours. (XV) 
also did not react with thionyl chloride or phenyl isocyanate on the water-bath, either undiluted 
(1-5 hours) or with xylene (6 hours). 

2 : 2-Diphenyl-5-methyloxazolid-4-one (XVII; R = Me).—This compound was formed in good yield 
when lactamide was heated with twice its weight of diphenyl ketimine at 140° for 10 hours, ammonia 
being gradually evolved. The cooled mass was extracted with a little ether and the residue crystallised 
from alcohol in needles, m. p. 183—184° (Found: N, 5-7. C,,H,,0O,N requires N, 5-8%). It was 
inert to thionyl chloride. 

2 : 5-Diphenyloxazolid-4-one (XV; R = Ph).—This oxazolidone was prepared essentially after 
Ingham (loc. cit., expt. 2, p. 696). From mandelonitrile (5-5 g.) and benzaldehyde (4-8 g.) in 200 ml. of 
ether, 5-8 g. of unrecrystallised ‘‘ benzylidenemandelamide ’’ were obtained in 4 days, either at room 
temperature or at —2°. The trace of alkali suggested by Ingham was added, and the flask loosely 
stoppered so that moisture was not completely excluded. The product was washed with ether, 
and crystallised from alcohol and then light petroleum (b. p. 120—150°) in needles, m. p. 203—204° 
(Found: N, 6-1. C,;H,,;0,N requires N, 5-9%). There was a large depression in m. p. when mixed 
with the acetal (XVIII) made from benzaldehyde via its bisulphite compound and potassium cyanide 
after Savelsberg (Joc. cit.). 

Dr. J. B. Willis reports as follows on the infra-red spectra of (XV) and (XV; R = Ph): “Each 
compound shows a strong carbonyl frequency, the band lying at 1704 cm.“ in ‘ benzylidenelactamide’ 
and at 1712 cm. in the ‘ mandelamide.’ In neither compound is there any absorption between 
1500 and 1700 cm.-?. The C=N frequency usually lies at about 1640.cm.-!. Benzylideneaniline 
shows C=N absorption at 1634 cm.“!, and benzylidene-ethylamine shows bands at 1644 cm. (C=N) 
and 1710 cm.-! (due to benzaldehyde present as an impurity). The infra-red spectroscopic evidence, 
therefore, is that there is no support for the ‘ benzylidenelactamide’ and ‘ mandelamide’ formule, 
but that the formule (XV) and (XV; R= Ph) are quite possible.” 

2-Phenylthiazolid-4-one (XX).—Thioglycollamide was made via ethyl thioglycollate (b. p. 58— 
62°/20 mm.) after Klason and Carson (Ber., 1906, 39, 736), and is deliquescent. Benzaldehyde (0-6 ml.) 
was added to thioglycollamide (0-5 g.) at its m. p. (52°); the mixture, when shaken, at once became hot 
and rapidly solidified on cooling. The product crystallised from benzene in plates, m. p. 87—-88° (Found : 
N, 7-8; S, 17-4. C,H,ONS oe 7-8; S,17-9%). It was almost insoluble in cold, and moderately 
soluble in hot, water, from which it was recovered by rapid crystallisation. However, benzaldehyde 
was driven off when the solution was boiled, and concentration nearly to dryness gave only dithio- 
diglycollamide, m. p. 161-5—162-5° (Found : S, 35-5. Calc. for C,H,O,N,S, : S, 35-55%), of which the 
recorded m. p.s vary from 149° to 160°. In aqueous alcohol (xX) gave a negative test with sodium 
nitroprusside made alkaline with ammonia, though the addition of alkali gave a transient reddish- 
brown colour. The characteristic, though momentary, violet colour developed in the nitroprusside test 
was obtained when (XX) was hydrolysed for a minute with hot dilute sulphuric acid and the product 
made alkaline. The aqueous alcoholic solution of (XX) at once gave a black precipitate with boiling 
sodium plumbite, but the cold reagent very slowly led to a light-brown colour. No precipitate was 
formed with cold copper acetate solution. However (XX) instantly gave a positive iodine-sodium 
azide test, which was also given, though much more slowly, with an analytically pure specimen of 
dithiodiglycollamide which gave a negative nitroprusside test. 

2 : 2-Diphenylthiazolid-4-one.—This was produced when a slight excess of diphenyl ketimine was 
heated at about 180° for 5 minutes with thioglycollamide in the presence of a trace of dimethylamine 
hydrochloride. The onset of the reaction was marked by a transient green colour. The product, which 
solidified on cooling, was extracted with boiling xylene and recrystallised from benzene, in which it was 
sparingly soluble, in needles, m. p. 227—228° (Found: N, 5-5. C,;H,,;ONS requires N, 5-5%). It 
resembled (XX) in its behaviour towards neg ee cold copper acetate, and sodium plumbite 
solution, though the alcoholic solution with cold sodium plumbite became brown more rapidly at 


ordinary temperatures. A positive test was given with the iodine-sodium azide reagent, and acid 
hydrolysis liberated a thiol group (nitroprusside test). 
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Dr. J. B. Willis reports on the infra-red spectra of ‘‘ benzylidenethioglycollamide ” (XIX or XX) 
as follows: ‘ ‘ Benzylidenethioglycollamide ’ (XX) was studied (a) as solid film, formed by melting 
the compound between two rock-salt plates and allowing it to solidify, and (b) as a suspension of the . 
original powder in heavy paraffin (‘Nujol’). A smell of benzaldehyde and mercaptan is noticeable 
on melting. A small band appears at 2550 cm.“ in (a) but not (b), and seems to be due to free thiol 

ups formed by decomposition. If allowance is made for the lack of data on the infra-red spectra of 
thiols (the only ones studied being the simple thiols with a small band at 2580.cm.-! due to SH), it 
seems probable that in the undecomposed compound there is no SH group. Both specimens show a 
band at 3370 cm.-! which is most probably due to NH, though possibly to the hydrogen bonded OH 
(produced by the tautomerism : *NH-CO-<—>-N:C(OH):, followed by hydrogen-bonding between the 

H of a molecule of the enolic form and the CO of a molecule of the keto-form). The question of 
tautomerism could be settled only by identifying a band definitely due to C=N, but unfortunately this 
region of the spectrum (1600—1700 cm.) contains two overlapping bands, due to CO and aromatic 
C-C vibrations, and it is not possible to say whether a weak C=N band is present or not. The formula 
(XX) is therefore the most probable from the infra-red evidence.” 


Mr. N. L. Lottkowitz made the micro-analyses. We thank Dr. J. B. Willis "for determining the 
infra-red spectra. 


THE ORGANIC CHEMISTRY LABORATORY, 
UNIVERSITY OF MELBOURNE. [Received, June 22nd, 1949.] 





555. Studies in the Formation Mechanisms of Alkyl Orthosilicates. 


By DupLey RipGE and (Miss) MARGARET Topp. 


A mechanistic theory of formation and reaction is presented in view of the results obtained 
during the preparation of alkyl orthosilicates and the investigation of their properties. Alcohols 
containing groups of strongly +J or —I inductive effect react most readily with silicon tetra- 
chloride, but the highest yields of orthosilicate are obtained when n-propyl or n- or iso-butyl 
alcohol is used. Alcohols with substituent groups of —I inductive effect react most easily 
with ethyl orthosilicate, to yield the appropriate silicon ester. Orthosilicates containing —J 
inductive groups are unstable to heat and fairly stable to moisture, whilst the converse is true 
for silicon esters containing substituents of +J effect. 


Mucu of the early work on the reaction of alcohols with silicon tetrachloride was undertaken by 
von Ebelmen (Annalen, 1846, 57, 334), Friedel and Crafts (ibid., 1863, 127, 28; 1865, 136, 203; 
Ann. Chim. Phys., 1866, [iv], 9, 5), and Ladenburg (Ammalen, 1874, 178, 151). This was 
continued by Kipping eé¢ al. (J., 1901, 79, 449), and more recently by Helferich and Hausen (Ber., 
1924, 57, 795), Dearing and Reid (J. Amer. Chem. Soc., 1928, 50, 3058), and others (Kaufmann, 
D.R.-P. 528,988, 641,075, 625,077; Chem. Abstr., 1931, 25, 5177; 1937, 31, 6416; 1938, 32, 
7678; B.P. 343,165; Chem. Abstr., 1931, 25, 5432; Sugden and Williams, /., 1931, 126; Signer 
and Gross, Annalen, 1931, 488, 56; Kalinin, Compt. Rend. Acad. Sci. U.R.S.S., 1938, 18, 433; 
Post and Hofrichter, J. Org. Chem., 1940, 5, 572). No correlation of the results, from a 
mechanistic viewpoint, has however been previously undertaken. 

In the present work the orthosilicates were prepared, in the first instance, by treating the 
appropriate alcohol with silicon tetrachloride in such proportions as to satisfy the equation : 

4ROH + SiCl, = Si(OR), + 4HCl ; 

It was noted that the vigour of the reaction was greatest for alcohols containing strongly +/ 
or —I inductive groups and decreased for normal alcohols as the carbon chain was lengthened. 
The yield of orthosilicate increased up to the »-propyl and n-butyl ester and then decreased again, 
whereas the amount of silica deposited during the reaction was greatest when methy] alcohol was 
used and decreased as the carbon chain was lengthened. With the isomeric butyl alcohols, the 
yield decreased from the m- to the fert.-ester, whereas the silica content increased until it became 
the main product when #fert.-butyl alcohol was used. 

Two modes of reaction appear possible, both involving the initial co-ordination of a lone pair 
of electrons on an alcoholic oxygen atom with silicon tetrachloride, along the lines suggested by 
Sidgwick (J., 1924, 125, 532, 2672), followed by a break in either the hydroxy] or alkoxy] linking. 
This is governed by the inductive effect of the substituent group in the alkyl radical and yields 
the orthosilicate and hydrogen chloride, or silica and the alkyl chloride respectively [see (1) and 
(2) on following page]. 

In either case, the addition of the lone pair at the silicon atom increases the electron density 
at this atom and thus weakens the silicon—halogen link. 

It would therefore be expected that those alcohols, which have groups of strongly +J or —I 
effect, would react most vigorously since, in either case, the electron density at the oxygen atom 
would be increased and it would therefore co-ordinate more readily. It was found experimentally 
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that ethylene chlorohydrin (—J) and sec.-butyl alcohol (+J) reacted more vigorously than did 
the higher alcohols. Also the lower alcohols reacted more vigorously than the higher members 
of the series, as would be expected in view of the proximity of the methyl (+) group to the 
oxygen atom. 


—> Si(OR), + 4HCl 


Si(OH), + 4RCl 
SiO, + 2H,O 


Alcohols containing —I inductive groups react in accordance with mechanism (1), and no 
silica deposit is obtained (e.g., ethylene chlorohydrin). A strongly +J inductive grouping, as 
in tert,-butyl alcohol, causes the reaction to follow mechanism (2). When normal alcohols are 
used, both mechanisms occur, but (2) is more marked in those alcohols where the methyl group 
is most operative, so that the amount of silica deposited during the reaction decreases as the 
carbon chainislengthened. It would therefore be expected that the yield of ester should increase 
accordingly. In fact, n-propyl and n-butyl alcohol gave the best yield. Here the heat stability 
of the ester must be considered. 

Experiment has shown that those orthosilicates which have a —I inductive or fairly non- 
reactive substituent groups tend to decompose when distilled at atmospheric pressure without 
previous drying, yielding the alcohol and a resinous residue (Dearing and Reid, J. Amer. Chem. 
Soc., 1928, 50, 3058). This was observed whether or not the starting reagents were dried before 
use and suggests that the electronic effect of the substituent groups reduces the electron density 
of the silicon atom, thus making it a suitable point of attack for the lone pair of a water molecule. 
Electronic displacement then causes the loss of alcohol, and the residual hydroxyl] group reacts 
with other ester molecules to form polymers. 


ay 2 _ AH 
ROA} OR — SiC + ROH 


When aliphatic esters were exposed to atmospheric moisture, however, those in which the 
+I group was most operative were the least stable, and the most stable were those containing a 
—I group. This is the converse of the results obtained for heat stability and suggests that in 
this case the point of attack by the water molecule is the carbon and not the silicon atom. 
Electron balance is then restored by the fission of the ester and water molecule thus : 


Orthosilicates containing a —J inductive group react in accordance with mechanism (3) in 
the presence of moisture. So do the higher alkyl orthosilicates since the +I inductive effect of 
the methyl group is too remote to counteract the general —I effect of the alkoxy-group. Since 
silicon is capable of a co-valency of six, the higher alkyl-, chloro-, and phenyl-substituted alkyl 
esters are hygroscopic and absorb water without any immediate rupture of the Si-O bond. There 
is therefore no precipitation, and the effect of water is discernible only on distillation. The 
carbon atom of the alkyl group cannot increase its covalency beyond four and so the R-O link 
will tend to be broken more easily : hence the greater apparent moisture-sensitivity of the lower 
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alkyl esters. Furthermore, as the Si-O bond is stronger than the C-O bond (Pauling, “ The 
Nature of the Chemical Bond,” 2nd edn., 1940, p. 53), it follows that the former requires greater 
energy to assist its rupture and therefore breaks down only on distillation. The fact that 
2-chloroethy] orthosilicate and benzyl orthosilicate can be distilled at atmospheric pressure, after 
very careful drying of the crude ester, substantiates this theory. 

An alternative method of preparation of the orthosilicates, namely the interchange of an 
alcohol with ethyl orthosilicate, has been successfully adopted by several investigators (Friedel 
and Crafts, Annalen, 1863, 127, 28; Hertkorn, Ber., 1885, 18, 1679; Knorr and Weyland, 
D.R.-P. 285,285; Chem. Absir., 1916, 10, 666; F.P. 827,975; Chem. Absir., 1938, 32, 7170; 
Post and Hofrichter, J]. Org. Chem., 1939, 4, 363; Peppard, Brown, and Johnson, J. Amer. Chem. 
Soc., 1946, 68, 73; Falkenburg, Teete, and Cowan, J. Amer. Chem. Soc., 1947, 69, 486), but no 
comprehensive mechanism has been recorded (Post and Hofrichter, J. Org. Chem., 1940, 5, 572; 
Dolgov and Volinov, J. Gen. Chem., Russia, 1931, [i], 63, 330). The present work shows that 
those alcohols react the most easily which tend to ionise thus: ROH —» RO~ + H*. If itis 
assumed that the addition of the alcohol takes place as in the reaction with silicon tetrachloride, 
it would appear that it is the Si-O link of the ethyl orthosilicate which is broken : 


a jr 


_ 


Thus esters containing —I substituent groups are the most easily prepared by this method. 


EXPERIMENTAL. 


Silicon tetrachloride was prepared by distillation of the commercial product. The first and last 
runnings were rejected and the fraction of b. p. 56—58° was collected. 

Methyl, ethyl, »-propyl, sec.- and tert.-butyl alcohol were dried by heating under reflux with, and 
distilling over, freshly roasted lime. The higher alcohols were dried by ym distillation through 
a fractionating column. Benzyl alcohol, cyclohexanol, methylcyclohexanol, and ethylene chlorohydrin 
were dried over sodium sulphate. 

Silica contents were determined by digestion of the redistilled sample with concentrated sulphuric acid. 

Reactions with Silicon Tetrachloride.—The molecular ratio of one part of silicon tetrachloride to four 
parts of alcohol was maintained as far as possible throughout the addition of the reactants. The products 
were freed from hydrogen chloride by dry aeration and then distilled at atmospheric pressure. Quantities 
used are recorded below. All the purified orthosilicates were clear, colourless liquids, except cyclohexyl 
orthosilicate. 

Methyl orthosilicate. Methylalcohol, 9 mo silicon tetrachloride, 450 ml. A vigorous, endothermic 
action ensued, silica being deposited. A fine silica deposit was obtained on aeration. The product 
was not investigated further. 

Ethyl orthosilicate. Ethyl alcohol, 233 ml.; silicon tetrachloride, 117ml. The reaction was vigorous 
and endothermic. A slight deposit of silica was obtained. The crude ester (91-5% yield) gave a 74% 
_ of purer orthosilicate distilling between 164° and 180° [Found : SiO,, 28-9. Calc. for (CgH,O),Si: 

iO,, 18-8%]. 

n-Propyl orthosilicate. n-Propy] alcohol, 94 ml.; silicon tetrachloride, 35 ml. The reaction was less 
vigorous than in the previous experiment, and there was only a slight silica deposit. The crude ester 
(99-0% yield) gave an 81-5% yield of purer orthosilicate, b. p. 220—230° [Found : SiO,, 22-6. Calc. 
for (C;H,O),Si: SiO,, 22-7% 

n-Butyl orthosilicate. n- Batyl alcohol, 50 ml.; silicon tetrachloride, 16 ml. The reaction was fairly 
vigorous, but less so than in the previous experiment ; practically no silica was de — The 
crude ester (100% yield) we? a 67-5% yield of purer orthosilicate, b. p. 276—286° [Found : SiO,, 18-8. 
Calc. for (CgH,O),Si; SiO,, 18-7%]}. 

n- Amyl orthostlicate. » saul alcohol, 43-1 ml.; silicon tetrachloride, 11-7 ml. The reaction was 
fairly vigorous, and practically no silica was deposited. The crude ester (85-8% yield) gave a 46-6% 
yield of purer orthosilicate, b. p. 302—304° [Found : SiO,, 16-4. Calc. for (C;H,,O),Si: SiO,, 16-3%). 

n-Hexyl orthosilicate. n-Hexylalcohol, 100 ml. ; silicon tetrachloride, 42-5 ml. The reaction proceded 
smoothly with a less vigorous evolution of hydrogen chloride than in the previous experiments. The 
crude ester gave varying yields on distillation depending on the rate of heating. 

isoButyl orthosilicate. isoButylalcohol, 100 ml.; silicon tetrachloride, 32 ml. The reaction was more 
vigorous than was the n-butyl alcohol-silicon tetrachloride reaction. No appreciable silica deposit 
was observed. The crude ester (95-1% — gave a 47-8% yield of purer orthosilicate, b. p. 252—255° 
[Found : SiO,, 18-7. Calc. for (CgH,O),Si: SiO,, 18°7%). 

sec.-Butyl orthosilicate. sec.-Buty! alcohol, 92-6 ml.; silicon tetrachloride, 30 ml. The reaction was 
more pronounced than in the previous experiment, the temperature rising to 50—60° in the early stages 
ofthe addition. The crude ester (90- Oo) aa gave a 42-4 yield of purer orthosilicate, b. p. 248—249° 
(Found: SiO,, 18-8. Calc. for (CgH,O),Si: SiO,, 18-7%). 

Attempted Preparation of tert. “Buiyl C Orthosilicate —tert.- -Butyl alcohol (27-0 ml.) was treated with 
silicon tetrachloride (8-4 ml.). After 30 seconds, the reaction became violent, li condensing on the 
sides of the reaction chamber and silicic acid being ejected from the reaction “+ uid. The hydrogen 
chloride evolved was less copious than usual and #ert.-butyl chloride was identified among the reaction 
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products. The reaction was repeated using #ert.-butyl alcohol diluted with s-tetrachloroethane; the 

same phenomenon was observed although the reaction was slightly less violent. ; 
cycloHexyl Orthosilicate.—cycloHexanol (84-4 ml.) was treated with silicon tetrachloride (23-0 ml), a 

vigorous action ensuing. The crude ester (86-0% yield) gave no distillable product, but yielded a white 

solid, m. p. 86°, when recrystallised from acetone ( 

88-6° 


elferich and Hausen, Ber., 1924, 57, 795, give m. p. 


Attempted ew a of Methylcyclohexyl Orthosilicate-—Methylcyclohexanol (78-0 g.) was treated 
with silicon tetrachloride (20 ml.). The crude ester (82-0%) did not yield the orthosilicate on distillation, 

2-Chloroethyl Orthosilicate-—Ethylene chlorohydrin (36-0 ml.) and silicon tetrachloride (11-7 ml.) 
gave a vigorous and slightly exothermic reaction. The crude ester (87-5% yield) gave no product on 
distillation unless subjected to preliminary drying (Na,SO,); the orthosilicate boiling at 300° was 
obtained under these conditions. [Found: SiO,, 17-6. Calc. for (CgH,OCI),: SiO,, 17-2%]. 

Reactions with Ethyl Orthosilicate.-—Ethy] orthosilicate was prepared by treating dried absolute ethyl 
alcohol with silicon tetrachloride as described above. The fraction, b. p. 165—166° (SiO, content) 
28-9%), was used in all the interchange reactions. The reactants (4 mols. of alcohol and 1 mol. of ester) 
were heated in a distillation flask (sillimanite-bath) until distillation commenced. It was advisable to 
raise the temperature of the bath so that the pre-distillation period was ca. $ hour. The flame was then 
adjusted so that a steady distillation of alcohol at ca. 80° was obtained. When as much alcohol as possible 
had been obtained, the residue in the flask was distilled at either atmospheric or reduced pressure. 
Conditions were kept as constant as possible throughout the reactions so that the time of distillation of 
the alcohol could be taken as indicative of the relative ease of formation of the orthosilicate. Results 
are shown in the table. 

Time of distillation for 11-1 ml. 


Alcohol. Time of distillation. 
Benzyl alcohol 45 minutes. 
cycloHexanol 4 hours with catalyst. 
Ethylene chlorohydrin 48 minutes. 
n-Hexyl alcohol Very long; faster than amyl alcohol, which in turn was 
slightly faster than butyl] alcohol. 
Methylcyclohexanol Very long. 


Benzyl orthosilicate. Benzyl alcohol (20-7 ml.) was subjected to interchange with ethyl orthosilicate 
(11-1 ml.), a crude yield of 93% being obtained. Distillation at 50 mm. gave a 45% yield of ester, b. p. 
330—360° [Found : SiO,, 13-7. Calc. for (C;,H,O),Si: SiO, 13-2%]. Atmospheric distillation of the 
crude ester gave benzyl alcohol and a non-distillable viscous liquid. When dried over sodium sulphate, 
the crude ester yielded a pure fraction, b. p. 355—-357° (Found: SiO,, 13-3%). 

cycloHexyl resin. cycloHexanol (21 ml.) was treated with ethyl silicate (11-1 ml.). Distillation of 
the crude product at atmospheric pressure yielded cyclohexanol (11 ml.) and an amber-coloured resin. 
Distillation at 40 mm. yielded cyclohexanol and a few drops of liquid, b. p. 230—240°, which solidified in 
the condenser. 

2-Chloroethyl orthosilicate. Ethylene chlorohydrin (12-6 ml.) was subjected to interchange with 
ethyl orthosilicate (11-1 ml.) The crude undried product gave ethylene chlorohydrin when heated, but 
the dried product yielded the ester, boiling at 300° at atmospheric pressure [Found : SiO,, 17-6. Calc. for 
(G,H,OCI),Si: SiO,, 17-2%). 

Attempted preparation of the butyl orthosilicates. The four isomeric butyl alcohols (14-8 ml.) were treated 
in turn with ethyl orthosilicate (11-1 ml.)._ Only slight interchange took place with n- and iso-buty] alcohol, 
and 2 ml. of the alcohols were collected. No interchange took place with the other alcohols. Comparable 
results were obtained on the attempted interchange of n- and #ert.-amyl alcohol with ethyl orthosilicate. 

Hexyl orthosilicate. mn-Hexyl alcohol (16-2 ml.) were treated with ethyl orthosilicate (11-1 ml.), a 
crude yield of 68-5% of ester being obtained. Distillation at 60 mm. gave 40% of yellow liquid distilling 
at 254° with some decomposition [Found: SiO,, 14:8. Calc. for (CgH,,0),Si: SiO,, 13-8%]. 

No reaction took place on treating methylcyclohexanol with ethyl orthosilicate. 

Stability of the Orthosilicates to Atmospheric Moisture.—Equal volumes of the ortho-esters prepared 
were allowed to stand unstoppered in similar vessels; the appearance, noted at intervals, is recorded in 
the following table. 

Time of standing. 
66 hours. 90 hours. 234 hours. 2 months. 
slightly more ppt. adhering to ppt. at the base of 
ppt. the base of the the vessel 
vessel 
no ppt. very slight ppt. gel 
o» no ppt. no ppt. 
ra very slight ppt. “unchanged 
slightly more ppt. ppt. 
ppt. 
no ppt. no ppt. no ppt. 


2-Chloroethyl very slight deposit unchanged unchanged unchanged 
on the glass at 
surface level 
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556. Reductions with Aluminium Alkoxides. Part I. The Relative 
Proportion of Epimers in Alcohols derived from Cyclic Ketones. 


By L. M. Jackman, A. KILLEN MacBeETH, and Joun A. MILLs. 


Reductions of seven cyclic ketones were carried out with aluminium isopropoxide, and the 
composition of the mixtures of epimeric alcohols was determined in each case. The proportion 
of cis-epimer was greatest from those ketones in which steric hindrance was greatest. This 
would be expected if the reduction proceeded through a cyclic transition state. The proportion 
of epimers was independent of the method of carrying out the reduction. 

eductions of menthone with the aluminium derivatives of four secondary alcohols showed 
that increasing the steric hindrance in the reducing alcohol increased the proportion of 
cis-epimer. 


WHEN a ketone is reduced by the Meerwein—Ponndorf method the possibility often arises of 
getting a mixture of epimeric alcohols. This will always be the case for an open-chain ketone 
already containing a centre of asymmetry, and usually the case for a cyclic ketone with 
substituents in the ring. A recent review (Wilds, ‘‘ Organic Reactions”’, Vol. II, Wiley and 
Sons, 1944) shows that no systematic work has been done which might enable one to predict 
the relative proportions of epimers in any particular case. In the present research some 
information has been obtained on the proportions of epimers from substituted cyclohexanones, 
and this allows a certain amount of generalisation. 

The work is divided into two parts. In the first part details are presented of the reduction 
of some substituted cyclohexanones with aluminium isopropoxide in isopropyl alcohol, and the 
calculation of the amounts of cis-epimer in the mixtures of alcohols produced. 


Reduction of ketones with aluminium isopropoxide. 


Ketone. cis-Alcohol in mixture. Property used to assay mixture. 
+)-2-Methylcyclohexanone Density, d?’ 0-9222 
+)-3-Methylcyclohexanone »  0-9106 

4-Methylcyclohexanone 

4-isoPropylcyclohexanone . 
(—)-4-isoPropylcyclohex-2-en-l-one Rotation, al? —47-4° 
(—)-Menthone Rotation, ay? +0-8° 
(+)-Camphor Rotation of p-nitrobenzoates 


The results are summarised in the table, and it is seen that as the apparent degree of steric 
hindrance of the carbonyl group increases, owing to the proximity of bulky alkyl groups, the 
yield of cis-epimer also increases. When alkyl groups are in position 4 relative to the carbonyl 
group the yields of cis-epimer are least, and there is a marked increase in cis-content when there 
is a substituent in position 2, particularly when this substituent is large, as in menthone and 
camphor. 

The factor chiefly determining the relative amounts of cis- and trans-epimers is believed 
to be steric hindrance of the carbonyl group, but the relative stabilities of the epimers may also 
be important in some cases. None of the epimers from the ketones studied was markedly 
unstable, and in the absence of marked differences in stability it seems probable that some of 
each epimer will be formed in all cases. 

The ketones studied were chosen because of their accessibility, and the fact that there was 
available enough information on the corresponding epimeric alcohols to enable the mixtures 
to be analysed readily. The preparations of 4-isopropylcyclohexanone and cis- and trans-4- 
isopropylcyclohexanol were effected by methods different from those previously used, and 
slightly different physical constants were observed. The method of separating epimeric 
mixtures by partial esterification (cf. this vol., p. 1717) was applied to the 4-isopropylcyclo- 
hexanols and the borneols; for the former, o-phthalimidobenzoy] chloride was a suitable reagent, 
and for the latter o-nitrobenzoyl chloride gave a very easy separation. 

Some experimental results published by other workers show in a general way the same trend 
as in the above table. For the reduction of steroids with a carbonyl group at position 3, which 
is relatively unhindered, information available seems to indicate that alcohols of cis- and trans- 
configuration are formed in approximately equal amounts, particularly in the reduction of 
cholest-4-en-3-one (Schoenheimer and Evans, J. Biol. Chem., 1936, 114, 567), cholesta-4 : 7- 
dien-3-one (Windaus and Kaufman, Annalen, 1939, 542, 218), and ergosta-4 : 7 : 17-trien-3-one 
(Windaus and Bucholz, Ber., 1938, 71, 576; 1939, 72, 597). 

The case of androsta-3 : 5-dien-17-one (Butenandt, Heusner, von Dresler, and Meinerts, 
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Ber., 1938, 71, 198), an example of reduction at position 17 which is relatively hindered ang 
part of a five-membered ring, shows a preponderance of cis-epimer, judging from the amount 
of each epimer isolated. Examples from the chemistry of steroids are quite numerous, but 
many are of dubious value, because of the complex nature of the molecule, the difficulties of 
analysis, and the poor overall yields. 

Published examples in terpene chemistry are relatively few, and yields are often 
unsatisfactory. Dihydrocarvone is reported (Johnston and Read, J., 1934, 233) to give a 
good yield of dihydrocarveol, of which 60% is cis-epimer, as would be expected for a substance 
‘similar in structure to menthone but rather less hindered. Carvone (Johnston and Read, 
loc. cit.) and menth-4-en-3-one (Malcolm and Read, j., 1939, 1037) appear to give about 50% 
of cis-alcohol in each case and, although they are of a type not represented in the present 
research, the directive influence operating should not be substantially greater than that in 
3-methylcyclohexanone, as the alkyl group adjacent to the carbonyl group is coplanar with the 
cyclohexane ring, and, although it may hinder strongly, cannot effectively direct the preferential 
formation of cis- or trans-epimer. Figures for menthone (Read and Grubb, J. Soc. Chem. Ind., 
1934, 58, 52T; Zeitschel and Schmidt, Ber., 1926, 59, 2303) and 4-isopropylcyclohex-2-en-1-one 
(Gillespie, Macbeth, and Mills, J., 1948, 996) are now confirmed. 

Two papers have been published differing from the present results. In the reduction of 
2-methylcyclohexanone by aluminium isopropoxide, Anziani and Cornubert (Bull. Soc. chim., 
1945, 12, 359) reported a 90% yield of trans-alcohol, basing this on the melting point of 
the derived phenylurethane. Mousseron, Marszak, and Bolle (Bull. Soc. chim., 1943, 9, 260) 
stated that (+)-3-methylcyclohexanone gave 30% of (—)-cis-3-methylcyclohexanol, but a 
preliminary fractional distillation was carried out before this figure was calculated from the 
rotations of the fractions. We believe that direct assay of the reaction mixture, without any 
preliminary separation, is more reliable. 

Marvel and Moore (J. Amer. Chem. Soc., 1949, 71, 28) have presented data which show 
that the reduction of ethyl 1-cyano-4-keto-2 : 6-diphenylcyclohexane-l-carboxylate with 
aluminium isopropoxide yields a slight excess of the tvans-epimer, as would be expected, but 
neither epimer was isolated as such, the cis-epimer being converted into a lactone and the 
trans into a linear polymer. 

Although evidence is at present too meagre for any useful comparison to be made between 
results for aliphatic and alicyclic ketones, it may be noted that benzoin is reported to give 90% 
of mesohydrobenzoin on reduction by aluminium isopropoxide (Lund, Ber., 1937, 70, 1520), 
and that Lutz and his co-workers (J. Amer. Chem. Soc., 1948, 70, 2015; 1949, 71, 478) have 
observed a preponderance of one epimer in the mixture from the reduction of derivatives of 
a-aminodeoxybenzoin. 

The influence of steric hindrance on the proportion of epimers is also seen in the second part 
of this research, in which the relatively hindered ketone menthone was in turn reduced with 
the aluminium derivatives of methylethylcarbinol, methylisobutylcarbinol, and methyl-éert.- 
butylcarbinol, under conditions the same as for aluminium isopropoxide. The amount of 
neomenthol (cis-epimer) in the product was higher in each case than the 70% observed for 
aluminium isopropoxide and, although the actual figures obtained (75%, 72%, and 86%, 
tespectively) may not be completely accurate, there was a definite trend to increased cis-content 
as the steric hindrance in the reducing alcohol was increased. 

(—)-Menthone was chosen because of its relatively hindered nature, the impossibility of 
tacemisation, and the ease of assay of the products by measurement of optical activity. It 
had the disadvantage of undergoing partial inversion to (+)-isomenthone before reduction 
(this was also found when it was heated with a solution of aluminium ¢ert.-butoxide), and the 
mixture of (—)-menthol and (+)-neomenthol was contaminated with (+)-isomenthol and 
(+)-neoisomenthol. An estimate of the amount of (+)-xeomenthol actually formed from 
(—)-menthone was still possible on making two assumptions: that (+-)-tsomenthone gives 
tise to the same proportion of cis-alcohol as does (—)-menthone, and that the rotation of any 
one of the menthols in a mixture is independent of the presence of the others. The second 
assumption has not been proved for complex mixtures of the type encountered, but it is probably 
valid, as Read has shown (Chem. Reviews, 1930, 7,1; J., 1934, 313) that in alcohol the menthols 
obey the rule of optical superposition. The extent of inversion to (+)-isomenthone was found 
by oxidising the menthol mixture back to menthone and determining the amount of (+-)-iso- 
menthone in the product. Reductions with aluminium isopropoxide and sec.-butoxide caused 
only small inversions, and errors from this in the calculated proportions of cis-epimer are 
«ertainly very small, but with the other alkoxides considerable inversion was found and 
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accurate analysis of the mixtures was more difficult. However, it is believed that the trend in 
proportion of cis-epimer is real, notwithstanding the anomalous result with methylisobutyl- 
carbinol. 

All experiments except that with methyl-fert.-butylcarbinol were done in duplicate, and the 


two sets of results were indistinguishable. Very good yields of alcohols were always obtained. 


The reductions were done by the conventional procedure for the Meerwein—Ponndorf reduction, 
rather than by the modified procedure in which the concentration of ketone is kept low (see 
following paper), but it was shown for (—)-menthone and (—)-4-isopropylcyclohex-2-en-l-one 
that the same proportion of epimers was obtained by the modified procedure. (—)-Menthone 
gave the same proportion of epimers whether the reduction was done with 0°5, 1-0, or 3°0 
equivalents of aluminium isopropoxide per mole of menthone. Aluminium isopropoxide 
caused about the same degree of inversion of (—)-menthone whether the reduction was done by 
the conventional procedure or the modified procedure. 

The results of the present research have been considered in conjunction with the theory of 
a cyclic transition state in the Meerwein—Ponndorf reduction. Two possible configurations 
for the transition state in the reduction of a 2-alkyleyclohexanone are shown below, (I) leading 
to the formation of cis-2-alkylcyclohexanol and (II) to the ¢vans-epimer. Construction of models 
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suggests that if the group R is large, the configuration (I) should be favoured, because there 
is more possibility of steric hindrance in (II), and that if the group R’ in the reducing alcohol is 
also large it increases the steric hindrance associated with (II). Although the present work cannot 
be shown to prove or disprove the theory of a cyclic transition state, it does offer a limited 
support for it. 

The results obtained have some practical significance. When the Meerwein—Ponndorf 
reduction is applied to a cyclic ketone which may give rise to epimeric alcohols, a mixture of 
these must always be expected, often with comparable amounts of the epimers. If their 
separation is likely to be difficult, other, more selective, methods of reduction may be better for 
the preparation of individual epimers. In cases where the Meerwein—Ponndorf method has 
to be used, it may be possible to effect a separation of the epimers by applying the method of 
partial esterification, as exemplified by this paper, a previous paper (this vol., p. 1717), and 
papers by Read and his co-workers (J. Soc. Chem. Ind., 1934, 58, 527; J., 1934, 233, 1779). 
This method may not be successful with 3-alkylcyclohexanols. 


EXPERIMENTAL. 
Sources of Ketones and Reference Alcohols. 


Ketones.—(+)-3-Methyleyclohexanone was obtained by oxidising pure ( gy -methyleyclo- 
hexanol (from the hydrogen phthalate) as described by Macbeth and Mills (J., 1945, 709). 
(+)-2-Methylcyclohexanone, d?® 0-9160, and 4-methylcyclohexanone, dP 0- a. were obtained 
the corresponding cresols, which were recrystallised to constant m. p. from light —- and 
then hydrogenated over Raney nickel at 150—180°; the reduction products were freed from traces of 
cresol and oxidised by the method used for 3-methylcyclohexanol. 
2S —)-4-isoPropylcyclohex-2-en-l-one was isolated from the oil of Eucalyptus cneorifolia, and had 
—64-7° (Berry, Macbeth, and Swanson, J., 1937, 987). 
 ip@ragemnaion of this unsaturated ketone over Raney nickel at 140°, followed oxidation of the 
Sucpopyuyeinamatie with dichromate, gave impure 4-isopropylcyclohexanone. e impure ketone 
(79 g.) was warmed with benzhydrazide (76-5 g.) in alcohol (100 ml.) containing “ey acid and sodium 
acetate (2 g. each), and from the reaction a product was isolated (133 g.) with m. p. 125—133°. Two 
recrystallisations —y toluene-light petroleum (1:1) gave the pure benzoyl pe lb (114 &) as fine 
white needles, m. p. 133—134° (Found: N, 10-8. C,,H,,ON, requires 10-85%). The pure 
one (20 was hydrolysed by heating it under reflux for 1 hour with tering acid (20 g.) in 
% alcohol ae ml.), and from the mixture was recovered 4-isopropylcyclohexanone in 90% yield, 
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with dj? 0-9099 and nj? 1-4567. It was essential to wash the liberated ketone with dilute alkali to remove 
benzoic acid. 

(—)-Menthone was made in 92% yield by the oxidation of (—)-menthol with dichromate, following 
the method in Org. Synth., Coll. Vol. I, 2nd eet y 340, but with better precautions against inversion 
during working up. The menthone was dissolved in ether, washed with ice-cold alkali, and distilleg 
under reduced pressure; it had a} —24-8° (homogeneous). 

(+)-Camphor was taken from a batch known to be satisfactory for cryoscopic work. 

Methylcyclohexanols.—Published physical constants for pure epimeric 3-methylcyclohexanols 
(Macbeth and Mills, Joc. cit.) and 2- and 4-methylcyclohexanols (Jackman, Macbeth and Mills, Joc. cit.) 
were used. : 

4-isoPropylcyclohexanols—The mixture, dj° 0-9092 (46 g.), of cis- and trans-4-isopropylcyclohexanols 
resulting from the Ponndorf reduction of 4-isopropylcyclohexanone was mixed with pyridine (150 ml.) 
and subjected to competitive esterification with o-phthalimidobenzoyl chloride (Gabriel and Lowenberg 
Ber., 1918, 51, 1495) (68 g., 0-7 mol.) in warm chloroform (150 ml.). In working up the product it was 
not possible to steam-distil the unesterified alcohols directly out of the ester, as the latter was solid at 
100°; therefore the ester was precipitated from solution as completely as possible with light petroleum, 
and the mother liquor was steam-distilled. Ester (84 g., 90%), m. p. 148—150°, and unesterified alcoho] 
(11-6 g., 84%), d3° 0-9114 (87% cis-), were recovered. 

e crude ester was recrystallised from a mixture of toluene and light petroleum (1: 1), and pure 
trans-4-iso-propylcyclohexyl o-phthalimidobenzoate was obtained as large needles, m. p. 151-5—152-5° 
(75%) (Found: N, 3-7. C,4H,,0,N requires N, 3-6%). The pure ester was hydrolysed by heating it 
under reflux for 2 hours with a 5% solution of potassium hydroxide (2-2 moles) in methanol. Hydrolysis 
with 1 mole of potassium hydroxide was incomplete, apparently because of simultaneous opening of 
the phthalimide ring. The trans-4-isopropylcyclohexanol recovered (84%) had b. p. 94°/5 mm., di 
0-9073, n? 1-4662. 

The unesterified 4-isopropylcyclohexanol (87% cis-) was completely esterified with p-nitrobenzoyl 
chloride, giving an ester, m. p. 45—51°. This ester reached purity after 3 recrystallisations from light 
petroleum and 2 from isopropyl alcohol. The pure ester was dimorphic; crystallisation from isopropyl 
alcohol usually gave fine needles, m. p. 69-5—70-5°, whereas crystallisation from light petroleum gave 
large prisms which melted at 65°, then solidified, and melted again at 69° (69-5° was reported by Cooke, 
Gillespie, and Macbeth, J., 1939, 518). The cis-4-isopropylcyclohexanol obtained from this ester had 
a? 0-9120 and n? 1-4671. 

Menthols.—The method of Read and Grubb (loc. cit.) was used to separate pure (—)-menthol and 
(+)-neomenthol from the mixture resulting from the reduction of (—)-menthone. 

Borneols.—A mixture was available which contained approximately equal amounts of (+)-borneol 
and (—)-isoborneol. This mixture, in pyridine, was allowed to react with half of the theoretical amount 
of o-nitrobenzoyl chloride, and the reaction product, freed of pyridine, was steam-distilled to separate 
unesterified (—)-isoborneol from the (+-)-bornyl o-nitrobenzoate. This ester, after several recrystallisations 
from light petroleum, formed large pale yellow prisms, m. p. 109°, [a]?? +67° (c, 2 in toluene) (Found: 
N, 4:9. C,,H,,0O,N requires N, 4-6%). 

The unesterified alcohol was largely (—)-isoborneol, and was then completely esterified with -nitro- 
benzoyl chloride. Five recrystallisations of the ester from alcohol gave pure (—)-iso-bornyl p-nitro- 
benzoate, yellow needles, m. p. 130°, [a]}? —48-8° (c, 2 in toluene). 

A sample of pure (+-)-borneol, obtained by hydrolysis of the pure o-nitrobenzoate, was converted 
into pure (+)-bornyl p-nitrobenzoate, m. p. 137°, [a]j* +34-9° (c, 2-5 in toluene). 

A series of synthetic mixtures was prepared, each mixture containing a fixed amount (0-25 g.) of 
(+)-bornyl p-nitrobenzoate, but a different amount of (—)-isobornyl p-nitrobenzoate. These mixtures 
were dissolved in a fixed amount of toluene (10 ml.) and the rotations of the solutions determined at 
14°. A graph was then constructed to show the relation between rotation and percentage of (—)-iso- 
borny] p-nitrobenzoate in the mixture. This procedure was necessary because of the marked dependence 
on concentration of the specific rotation of (-++-)-bornyl esters (Henderson and Heilbron, Proc. Chem. Soc., 
1913, 29, 281). 

Reductions with Aluminium isoPropoxide. 


Apparatus.—The reactions were carried out in a flask provided with a dropping funnel, and attached 
to a 30-in. lagged fractionating column filled with 0-25-in. porcelain beads and surmounted by an 
efficient still-head of the total-condensation, partial-take-off type. The fractionating efficiency was 
about 4 theoretical plates; the hold-up was comparatively large. Heating was done by an oil-bath, 
the level of the bath being below the level of the solution in the flask. Before each experiment the 
apparatus was cleaned and dried by heating under reflux in it a dilute solution of aluminium 
isopropoxide. 

Methyl- and isoPropyl-cyclohexanone.—In a typical experiment a 0-68m-solution of distilled 
aluminium isopropoxide (220 ml., 0-45 equiv.) in me alcohol was boiled under total reflux until 
the column was heated through, and then (-+)-2-methylcyclohexanone (50 g., 0-45 mole), dissolved in 
dry isopropyl alcohol (60 ml.), was added during several minutes at such a rate that refluxing 
was maintained. When the temperature at the still-head started to fall, the rate of take-off was 
adjusted to 10—12 drops per minute, and a high reflux ratio was maintained, with the bath at 145—155°, 
and the reaction mixture at about 88°. The temperature at the still-head fell to 64° after 20 minutes, 
then rose slowly, to reach 82° at the end of 3 hours, whereupon the distillate (total, 50 ml.) was free 
from acetone (test with 2: 4-dinitrophenylhydrazine). No additional isopropyl alcohol had been 
added. 

Most of the isopropyl alcohol was removed from the solution through the column at 50° under 
reduced pressure, and the residue was treated with crushed ice and sulphuric acid (74 ml. of 10n.). 
The aqueous solution was extracted 3 times with ether (total, 400 ml.), and the combined ethereal 
extracts were washed in succession with sodium hydroxide solution and water and dried (MgSO,). The 
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ether was stripped off through a 1-ft. bead-packed column, and distillation of the residue was continued 
through this column under reduced pressure until the temperature at the still-head became constant. 
This ensured the removal of isopropyl alcohol and any traces of volatile material which might be 
present, sach as methyleyclohexene. Pure ether was then added, and refluxed in the column to recover 
the material held up in it. The column was then replaced by a Claisen still-head, the ether was distilled 
off, and the residue was distilled under reduced pressure. It appeared to be entirely methylcyclo- 
hexanols, had a ye b. p. of 50°/2-5 mm. and left no residue. The mixture of epimeric (+-)-2-methyl- 
cyclohexanols was obtained in 95% yield, and had ad 0-9222, which was not altered by a further 
distillation; it indicates the presence of 50% of cis-epimer. 

The same conditions were used for the reduction of 3-methyl-, 4-methyl-, and 4-isopropyl-cyclo- 
hexanone. Density values could always be duplicated to within 1 part in 10,000, and yields were 
consistently 93—95%, with only traces of fore-run or residue. 

Menthone.—When (—)-menthone was reduced by the above method, reduction was complete in 
3-5 hours, and a mixture of menthols was obtained in 92% yield, with a}f +0-6° (homogeneous), changing 
to a}? +0-8° (homogeneous), [a]}? 0-0° (c, 2 in alcohol), after a second distillation. A portion of the 
menthol mixture was oxidised as described above, giving menthone with a} —20-1° (homogeneous), in 
85% yield. From the rotation, aj’ —24-8°, of the original menthone, and the known value aj? +82°, 
for (+)-isomenthone, the extent of inversion to isomenthone was calculated to be 4%. 

Making the assumptions explained in the introduction, it was calculated that the reduction of 
(—)-menthone gives rise to 70% of (+)-neomenthol and 30% of (—)-menthol. 

When reaction was carried out with only 0-5 equivalent of aluminium isopropoxide per mole of 
menthone, but the same concentration of menthone, reduction required 3-5 hours and gave a 93% yield 
of menthols with a}®® +0-6° (homogeneous), which on oxidation afforded a menthone with aj’ —20°. 
These results are the same as those for 1-0 equivalent of isopropoxide. 

The use of 3-0 equivalents of alkoxide for each mole of menthone gave a menthol mixture (92% 
yield) with aj’ +1-2°, which passed on oxidation to a menthone with ajj —18-8°. This indicated 5-5% 
inversion to (+)-isomenthone, but the proportion of (+)-meomenthol was still very close to 70%. 

When the modified procedure (see following paper) was used for the reduction, (—)-menthone (20 g.), 
aj! —24-0°, was dissolved in isopropyl alcohol (100 ml.) and added dropwise during 4-5 hours to a 
refluxing 0-7mM-solution of aluminium tsopropoxide (190 ml.), from which distillate was collected at the 
same rate. After a further 0-75 hour the test for acetone was negative. The reduction yielded 96% 
of co gered arena a}$ +0-6° (homogeneous), which on oxidation gave menthone having a}* —20-0°, 
in 95% yield. 

A eolation of (—)-menthone (11-5 g.) in dry ¢ert.-butyl alcohol (50 ml.) was treated with aluminium 
tert.-butoxide (7-3 g., 1-1 equivs.) and heated under reflux for 4 hours. During working up on the same 
lines as for reductions, precautions were taken against further inversion. Menthone was recovered in 
91% yield with a}® —6-8° instead of the orginal aj? —24-8°, indicating nearly 17% inversion in 4 hours. 

Camphor.—When (-+-)-camphor was reduced under the conditions used for the other ketones, the 
reaction was much slower, requiring 9 hours, and small quantities of isopropyl alcohol had to be added 
at intervals to maintain the volume and keep down the internal temperature. The yield of borneols 
appeared to be nearly quantitative, but a clean distillation could not be effected. 

Exploratory work showed that the mixture could be esterified with p-nitrobenzoy] chloride without 
appreciable decomposition of borneol or isoborneol. Accordingly, the esterification was carried out in 
benzene solution, with a slight excess of p-nitrobenzoyl chloride and pyridine, at room temperature 
overnight. Working up was done in the usual way, with thorough steam-distillation to remove any 
traces of camphor or camphene. Yield, nearly quantitative. 

The mixture of (+)-bornyl and (—)-isobornyl p-nitrobenzoates was assayed by determining the 
rotation of an 8-3% solution in toluene. A series of closer approximations showed that the solution 
should contain 2-5% of (+)-bornyl p-nitrobenzoate. When the rotation of such a solution was 
determined it corresponded to that for a mixture with 70% of (—)isobornyl p-nitrobenzoate, [a]}# 
—15-6°. The reduction of camphor thus yielded 70% of isoborneol. 

(—)-4-isoPropylcyclohex-2-en-l-one.—One reduction was done by the modified procedure, in which 
the ketone (24-5 g.), aj? —64-7°, in isopropyl alcohol (100 ml.) was added during 4-5 hours. Reduction 
was complete in a further 1-5 hours. The yield of mixed alcohols was 95%, and the rotation (a}’ 
—47-4°) agreed with values reported by Gillespie, Macbeth, and Mills (Joc. cit.) and indicated presence 
of 39% of cis-epimer. Oxidation with potassium dichromate and sulphuric acid regenerated a ketone, 
ay —63-6° (80% yield). 

Reductions of Menthone with Higher Alkoxides. 


Preparation of Alkoxides.—Alaminium sec.-butoxide was prepared by the method commonly used 
for aluminium isopropoxide and was distilled in vacuo; b. p. 137°/1 mm. It could not be induced to 
crystallise (cf. Robinson and Peake, J. Physical Chem., 1935, 39, 1125) (Found: Al, 11-1. Calc. for 
C,:H,,0,Al: Al, 10-9%). 

Methylisobutylcarbinol, prepared by pressure hydrogenation of mesityl oxide over Raney nickel 
at 130—150° and subsequent fractiona] distillation, also dissolved amalgamated aluminium foil readily 
at the b. p. The product could be distilled im vacuo, although it caused troublesome frothing. 
Aluminium tri-(4-methylpent-2-oxide) was an aay one ae syrup, b. Ri 203°/0-7 mm., infinitely miscible 
with methylisobutylcarbinol (Found: Al, 8-3. C,,H;,0,Al requires Al, 8-2%). 

Methyl-tert.-butylcarbinol was prepared by pressure hydrogenation of pinacolone over Raney nickel 
at 130° and was carefully distilled to give a sample with sharp b. p. of 120°. This alcohol dissolved 
aluminium dusted with mercuric chloride only slowly, the complete reaction noes 3 days’ heating 
in an oil-bath at 150°. Aluminium tri-(3 : 3-dimethylbut-2-oxide) was an infusible solid, readily soluble 
in hot, but sparingly in cold, methyl-tert.-butylcarbinol and sparingly in cold light oo Small 
quantities ap’ to sublime at 280°/0-6 mm., but larger batches decom . The crude alkoxide 
was dissolved in an equal volume of boiling methyl-tert.-butylcarbinol, the dark solution was filtered 
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through Supercel on a sintered-glass plate, and on cooling small off-white crystals (60%) separated 
which were washed with cold light petroleum and dried in vacuo (Found: Al, 7-8%). : 

Method of Working.—The same apparatus as before was used, with alterations to permit the use of 
somewhat reduced pressure, to ensure ee the same reaction temperature as was used for 
aluminium isopropoxide. Equalisation of pressure in the dropping funnel allowed easy addition of 
reagents, and the use of a Perkin triangle permitted periodic testing of the distillate. A stream of 
nitrogen led through a capillary ensured smooth boiling. The use of the long column was necessary for 
efficient separation of the higher-boiling alcohols from the corresponding ketones, but made it more 
difficult to keep the reaction temperature sufficiently low towards the end of the reactions. 

The usual 2 : 4-dinitrophenylhydrazine reagent was satisfactory for detecting methyl ethyl ketone 
in the distillate when sec.-butyl alcohol was used, but not for detecting the presence of ketones in the 
other, water-insoluble, alcohols. To detect the presence of methyl isobutyl ketone in methylisobutyl- 
carbinol, a modified reagent was made by saturating 25% acetic acid in water with 2: 4-dinitro- 
phenylhydrazine and the 2: 4-dinitrophenylhydrazone of methyl isobutyl ketone. When 0-5 ml. of 
distillate was added to 3 ml. of this reagent, a homogeneous solution was obtained, which developed a 
yellow opalescence or turbidity if methyl isobutyl ketone was present. This test was not as sensitive 
as those for acetone and methyl ethyl ketone. To detect the presence of pinacolone in the distillate 
from methyl-tert.-butylcarbinol, change in b. p. seemed to be the best criterion available. 

The same relative Jon rn of menthone and aluminium alkoxide, and the same concentrations, 
were used as in the preceding experiments. The higher boiling points of the alcohols did not interfere 
with working up and distillation of the products in the usual way. 

Use of Aluminium sec.-Butoxide.—Reduction required 4 hours, and pressure in the system was held 
at 360mm. A 96% yield of menthols was obtained with a}$ +4-2° (homogeneous), which on oxidation 
gave menthone with aj? —18-9°. These values indicated that the (—)-menthone gave 75% of (+)-neo- 
menthol on reduction, and was inverted to (+-)-isomenthone to the extent of 5-5%. 

Use of Aluminium Tri-(4-methylpent-2-oxide).—It was necessary to carry out the reduction at 
100 mm. to maintain a reaction temperature of 88°, and even then it rose sharply to 100° near the end 
of the 5-hour period which was required. The yield was 94%, aj’ was +1-8°, and the extent of inversion 
about 10%, as shown by the rotation, a}? —13-7°, of the derived menthone. The calculated proportion 
of (+)-meomenthol in the reduction of (—)-menthone in this experiment was 72%, but there is some 
uncertainty in this figure. A duplicate experiment gave the same result. 

Use of Aluminium Tri-(3 : 3-dimethylbut-2-oxide).—Reaction was rather slower and, although the 
temperature at the still-head indicated complete reduction in 5 hours, the reaction was continued for a 
further 2 hours. Working at a pressure of 200 mm. gave a temperature of 78° at the still-head, but the 
internal temperature tended to rise to 110°, notwithstanding the addition of more methyl-tert.-butyl- 
carbinol at intervals. Menthols were obtained in 94% yield and had a}? +10-1°. Oxidation gave a 
menthone with a}! —11-2°, indicating about 13% of inversion of (—)-menthone. The percentage of 
(+)-neomenthol formed in the reduction of the (—)-menthone was apparently 86%, but on account of 
the difficulties encountered in the reduction this figure may not be strictly comparable with those from 
the other reductions. 


We thank Mr. L. R. Pridham for assistance in the preparation of borneol and the aluminium 
derivative of methyl-tert.-butylcarbinol. Two of us (L. M. J. and J. A. M.) participated in this work 


with the assistance of grants from the Commonwealth Research Fund, and gratefully acknowledge the 
help received. 
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557. Reductions with Aluminium Alkoxides. Part II. Modified 
Procedure. 


By A. Kitten MacBEtH and Joun A. MILLs. 


When the Meerwein—Ponndorf reduction is modified by dropping the carbonyl compound 
in slowly during the reaction, so that its concentration is always low, improved yields of alcohols 
are obtained from aldehydes and unstable ketones. Reasons for this are discussed. 


Reductions by aluminium alkoxides without solvent may be conveniently employed in 
certain cases. 


Tue usual method of carrying out Meerwein—Ponndorf reductions (cf. Wilds, ‘Organic Reactions,” 
Vol. II, Wiley & Sons, New York, 1944, p. 178) involves addition of all the carbonyl compound 
to the solution of aluminium isopropoxide at the beginning of the reaction, and slow removal of 
acetone until reduction is complete. Only one departure from this has been noted. Rouvé and 
Stoll (Helv. Chim. Acta, 1947, 30, 2216), carrying out a large-scale reduction of mesityl oxide 
which required 54 hours, added the ketone during 4} hours and obtained a yield of 73%, much 
better than the 18% recorded by Kenyon and Young (J., 1940, 1547; misquoted as 63% by 
Wilds). For reasons discussed below, it seemed desirable that in the reduction of any highly 
reactive carbonyl compounds their concentration should be kept low, and this conclusion has 
been tested on a number of substances. 
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The table shows the improved yields obtained when the carbonyl compound was added 
dropwise during several hours. 


Results of modified Meerwein—Ponndorf reduction. 
Yield, %. Yield, %. 

Compound reduced. Found. Recorded. Compound reduced. Found. Recorded. 
m-Nitrobenzaldehyde ... 92 75 (a) Benzylideneacetone ... 96 28 (a) 
Cinnamaldehyde 80 68 (b); 75(@) Cinnamylideneacetone 70—80 
(—)-Phellandral 87 65 (c) ~-Ionone * 95 
Mesityl oxide 80 73 (d); 18 (e); cycloPentanone 

23 (a) (—)-Piperitone * 

* Products were mixed stereoisomers. 

(a) Ferrier, Compt. rend., 1945, 220, 460 (aluminium sec.-butoxide). (b) Young, Hartung, and 
Crossley, J. Amer. Chem. Soc., 1936, 58, 100. (c) Human, Macbeth, and Rodda, this vol., p. 350 
(d) Rouvé and Stoll, loc. cit. ‘(e) Kenyon and Young, loc. cit. (f) Lund, Ber., 1937, 70, 1520. (g) 
Read and Walker, J., 1934, 308. 


Four reactions of carbonyl compounds, catalysed by aluminium alkoxides, may give rise to 
by-products in the Meerwein-Ponndorf reduction. First, aldehydes may undergo the 
Tischtschenko reaction, giving esters at a rate which probably depends on the square of the 
concentration of aldehyde (cf. the Cannizzaro reaction; Geib, Z. physikal. Chem., 1934, A, 169, 
41); this side-reaction should then be suppressed by keeping the concentration of aldehyde low. 

Secondly, the carbonyl compound may undergo an acid-catalysed aldol condensation with 
itself, if of suitable structure, giving rise to unsaturated compounds of the mesityl oxide type. 
Thirdly, it may undergo the same type of condensation with acetone produced during the 
reaction. A detailed kinetic study of these reactions does not appear to be available, but their 
mechanism (Watson, Trans. Faraday Soc., 1941, 37, 707) is such that they should also be 
suppressed by keeping the concentration of carbonyl compound low—the concentration of 
acetone is then necessarily low. 

In some reductions of reactive ketones such as alkylcyclohexanones by the conventional 
method, it was noted that the temperature of the distillate fell very quickly, sometimes as low as 
65°, which indicated the rapid development of a high concentration of acetone. This formation 
of acetone more quickly than it can be removed increases the risk of side reactions by slowing the 
main reaction (which is reversible). Volatile products may be contaminated with the reduction 
products of mesityl oxide. It has been observed that some reductions, notably that of phellandral, 
require no longer by the modified procedure than by the conventional procedure, and that in 
the conventional method the reduction is initially quite rapid and then becomes very slow. 
This effect is probably due to the formation of highly unsaturated conjugated carbonyl com- 
pounds by the second and third side-reactions, because this type of compound is known to be 
rather difficult to reduce. A considerable part of the high-boiling by-products i in the reduction 
of phellandral by the usual method appears to be alcoholic in nature. 

In the products from reductions by the modified procedure high-boiling residue was negligible, 
except in the case of cyclopentanone, which was added more quickly than the other substances. 
The modified procedure should be particularly useful for substances of high molecular weight, 
where the products cannot be purified by distillation. 

A fourth possible side-reaction is the racemisation of optically active ketones, or isomerisation 
such as the inversion of menthone. Apparently (see preceding paper) the inversion of menthone 
is not suppressed by using the modified procedure. 

The Meerwein—Ponndorf reduction has also been carried out successfully in the absence of 
solvent. Reduction may be carried out with aluminium isopropoxide in hydrocarbon solvents 
(cf. Wilds, op. cit.) without any alcohol, and it has been found that heating fluorenone or 
benzophenone with an excess of alkoxide gives satisfactory results. There was no ready means 
of detecting the end of the reaction; but by working under reduced pressure the acetone could 
be removed as formed. The method may be useful for the rapid reduction of some ketones in 
circumstances where a high yield is not required; small-scale reductions require only a few 
minutes. Aluminium sec.-butoxide, which is liquid at room temperature, is more convenient 
than aluminium isopropoxide. The method failed with highly reactive carbonyl compounds; 
o-nitrobenzaldehyde and dibenzylideneacetone gave only resins. 

After this work was completed, two papers were noted containing relevant data. Schintz, 
Lauchenauer, Jeger, and Riiegg (Helv. Chim. Acta, 1948, 31, 2235) have carried out a modified 
Oppenauer oxidation with satisfactory yield by heating an aluminium alkoxide with p-methoxy- 
benzaldehyde in the absence of solvent. Chaikin and Brown (J. Amer. Chem. Soc., 1949, 71, 
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122) reduced carbonyl compounds (e.g., cinnamaldehyde, mesityl oxide, and cyclopentanone) to 
the corresponding alcohols with sodium borohydride, in yields equal to those obtainable by the 
modified Meerwein—Ponndorf reduction. 


EXPERIMENTAL. 


Aluminium isoPropoxide.—This was prepared by the standard method (Wilds, of. cit.), purified by 
distillation, and stored as 0-75m-solution in isopropyl alcohol. Several batches showed behaviour not 
previously recorded. The crude alkoxide, freshly made from carefully distilled isopropyl alcohol and 
pure aluminium foil, always boiled over a considerable range, approx. 115—130°/1 mm., and only partly 
solidified immediately after distillation, giving a mixture of fine white needles and clear viscous syrup, 
The bulk of the crystals came from the first portion of the distillate. The mixture dissolved readily in 
warm isopropyl alcohol, and the cooled solution deposited the characteristic large clear crystals. When 
the distilled alkoxide was kept at room temperature in a closed evacuated flask, the syrup solidified in 
1—2 days. About a week later, the m. p. of the solid was still ill-defined—above 100°, but below 125° 
(Ulich and Nespital, Z. physikal. Chem., 1933, 165, A, 298) or 118° (Robinson and Peak, J. Physical Chem., 
1935, 89, 1125). After 3 months the waxy solid had changed, with considerable increase in volume, to a 
porous mass which readily crumbled to a white crystalline powder with sharp m. p. 142—143°, This 
powder, when melted and cooled, gave a waxy solid. The powder had a fairly sharp b. p., 136—138°/6 
mm., and dissolved readily in isopropyl alcohol, the solution depositing crystals similar to those from the 
freshly-made alkoxide. Since aluminium nae tee press = is associated (Robinson and Peak, Joc. cit.), this 
behaviour may indicate changes in the degree of association. 

General Procedure.—The reduction of benzylideneacetone illustrates the method. The apparatus 
used is described in the preceding paper. The combination of reflux-ratio head and column of moderate 
fractionating efficiency and rather high hold-up was very suitable, as acetone was removed quickly from 
the site of reaction without the use of a high rate of take-off. Benzylideneacetone (20 g.) was dissolved in 
dry isopropyl alcohol (100 ml.), and the solution was added dropwise to the refluxing solution of 0-75m- 
aluminium isopropoxide (200 ml., 1 mole) during 4-25 hours, distillate being collected at the same rate, 
The temperature at the still-head never fell below 80°. 70 Minutes after the benzylideneacetone had 
been added the b. p. was 82° and the test for acetone was negative. 

The bulk of the isopropyl alcohol was removed under reduced pressure (bath at 90°), the residue was 
treated with crushed ice and an aqueous solution of sodium hydroxide (20 g.), and the mixture was 
extracted 3 times with benzene (total, 125 ml.). The combined extracts were washed with water and 
dried, the solvent was removed, and the product (19-7 g.) distilled; b. p. 124—125°/3 mm. The 
1-phenylbut-l-en-3-ol was colourless, readily solidified, and had m. p. 32-5—33-5° (Kenyon, Partridge, 
and Phillips, J., 1936, 85, cited 33°). 

Cinnamylideneacetone.—The benzene extracts of the reduction product, when evaporated, left a 
cream-coloured solid (14—16 g. from 20 g.), m. p. 55—60°, evidently impure 1-phenylhexa-1 : 3-dien-5-ol. 
Distillation in bulk led to decomposition, and purification by recrystallisation failed to raise the m. p. 
above 62°, apparently because of the presence of small amounts of sparingly soluble gum. The analytical 
sample, fine white needles, m. p. 65—66°, was obtained by short-path distillation at 100°/0-5 mm., 
followed by a M. recrystallisation from light petroleum (Found: C, 82-6, H, 8-2. C,,H,,O requires 
C, 82-8; H, 81%). 

When stored at room temperature, the alcohol, in solution or in the solid state, soon changed toa 
yellowish insoluble gum. The change was retarded by refrigeration or the addition of bénzoquinone. 

Piperitone.—Reduction was very slow. Addition of the ketone was spread over 10 hours, and an 
additional 9 hours’ heating was required before the test for acetone became negative. To prevent the 
acid-catalysed dehydration of piperitol (Read and Walker, Joc. cit.), a few drops of NN-dimethylcyclo- 
hexylamine were added to the product before working it up, and also placed in the receiver before 
distillation. The ketone reduced had aj’ —49-4° (homogeneous); the main fraction of the product, 
b. p. 100—105°/5 mm., had aj? —38-2° (homogeneous) and appears to be a mixture (it is being further 
investigated). There was a small fore-run and practically no residue. 

Other Carbonyl Compounds Reduced.—Mesityl oxide was completely reduced in 6-5 hours. Light 
petroleum (b. p. 20—40°) was used as extractant for the 2-methylpent-2-en-4-ol, which had b. p. 139— 
140° after two distillations, and gave a p-diphenylylurethane m. p. 95—97° (Kenyon and Young, Joc. cit., 
report 90—91°) (Found: C, 77-4; H, 7-5. Calc. for C,,H,,0,N : C, 77-2; H, 7-2%), and a 3 : 5-dinitro- 
benzoate, fine pale yellow needles (from light petroleum), m. p. 82—84° (Found: C, 53-4; H, &l. 
C,;3H,,0,N, requires C, 53-1; H, 4-8%). The m. p. of the esters was constant, but not sharp, and 
each may still have contained some 2-methylpent-1-en-4-yl ester, which was shown by Kenyon and Young 
to be produced in small amount by reduction of mesityl oxide. 

Phellandral, aj/’* —143-1° (homogeneous), yielded phellandrol, aj? -—88-8° (homogeneous). 
Conversion of the latter into its p-nitrobenzoate (90% yield) and recrystallisation from light petroleum and 
then from methyl alcohol gave the pure ester, m. p. 66—67° (Human, Macbeth and Rodda, Joc. cit.). 

cycloPentanone (20 g.) was reduced in >4 hours (addition in 3-2 hours). The cyclopentanol was 
extracted with light petroleum and distilled twice (b. p. 138—140°) to free it from a small amount of 
high-boiling residue. 

#-Ionone appeared to be reduced normally during 6 hours but the product boiled from 80° to 110° at 
0-5 mm. There was — residue. The product, apparently alcoholic, is being examined to 
determine whether partial cyclisation has also occurred. 

From the respective aldehydes, added during 4—5 hours and completely reduced in 6 hours, there 
were prepared cinnamyl, m. p. 30—31° (lit., 33°), and m-nitrobenzyl alcohol, m. p. 25° (lit., 27°). 

Reductions Without Solvent.—Fluorenone (1-8 g.) and aluminium sec.-butoxide (5 g., 2 moles) were 
placed in a flask which was then evacuated at the water-pump and heated in a bath at 105—110°. The 
fluorenone melted and dissolved with vigorous frothing, and the yellow colour quickly faded to a pale 
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straw (in a closed evacuated system, methyl ethyl ketone condensed in the cool parts). After 5 minutes, 
frothing had stopped and, after cooling, the mixture was partitioned between chloroform (20 ml.) and 
dilute sulphuric acid. The chloroform extract was washed with water, dried, diluted with an equal 
yolume of light petroleum, and Se eager Fluorenol (1-2 g.) was obtained as colourless plates, m. p. 
154-5—155-5°, and concentration of the solution yielded a second similar batch (0-45 g.) (Baker and 
Adkins, J. Amer. Chem. Soc., 1940, 62, 3302, give m. p. 155—156°). 

Benzophenone (2-4 g.) was heated with fused aluminium isopropoxide (5-5 g.) under the same 
conditions; reduction was equally rapid. Benzhydrol, isolated by extraction with benzene and 
recrystallised from light petroleum, formed colourless needles (2-1 g.), m. p. 64—65° (lit., 68°). A second 
rec: lisation raised the m. p. to 67°. : 

When solid fluorenone and solid aluminium isopropoxide (m. p. 142—143°) were mixed, a temperature 
of 150° was needed to effect fusion in a reasonable time, and the fluorenol (70% yield) was contaminated 
with a trace of orange substance. 


One of us (J. A. M.) expresses his thanks for financial support from the Commonwealth Research 
Fund. 
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558. Thermodynamics of Grignard Compounds: Equilibria in the 
System CH,MgI-Mgl,-(C,H;,),0. 


By R. Stewart and A. R. UBBELOHDE. 


Possible equilibria in a system containing methylmagnesium iodide, magnesium iodide, 
and diethyl ether have been studied in sealed vessels, by evaluating the concentration of 
magnesium iodide from freezing-point data. Observed results can be accounted for on the basis 


of an equilibrium 
2MgI, + CH,;MgI == (2MglI,,CH;MgI] 
in which the complex probably has the structure 


CHs... vl. Pe a 
Mg**(EtO)m|_ Mg. oMg | 
I” “ye “I 
Equilibrium is attained rapidly. Previous observations on slow equilibria are discussed. 

The heat of formation of the complex (—18-3 kcals./mole) is comparable with that of 
Al,Cl, (—22-5 kcals./mole). Complex formation may tentatively be attributed to similar 
forces. 

The solubility curve of magnesium iodide dietherate in ether has been redetermined from 
0° to 20°. The heat of solution is 14-7 kcals. /mole, if deviations from ideal solutions are neglected. 


PUBLISHED evidence about the molecular state of Grignard compounds in ethereal solution is 
conflicting. Molecular-weight determinations (see Discussion, below) indicate the presence, in 
solution, of molecules containing more than one magnesium atom. Differential precipitation 
with dioxan has been used to assess concentrations of halogen—magnesium compounds in possible 
equilibria such as 

@RMgX === R,Mg+MgX, ........ ( 


or (Roig. Mex.) weit Elie + Mee 48 cl tl tlt et el 


where R is an alkyl or aryl group and X is a halogen atom, and the results have been interpreted 
in favour of equation (1) (Schlenk and Schlenk, Ber., 1929, 62, 920). However, the 
precipitation method assumes that the time required for a shift of equilibrium is large 
compared with the time required for formation and analysis of the precipitates, in view of 
complications from slow processes such as 


([2RMgX, dioxan] —> R,Mg + [MgX,, dioxan] 
(insoluble) (soluble) (insoluble) 


Various observations on the effects of time on the composition of the precipitates indicate 
that the interpretation of precipitation results is not straightforward (Cope, J. Amer. Chem. Soc., 
1935, 57, 2238; 1938, 60, 2215; Noller and White, ibid., 1937, 59, 1354). 

A further complication is that atmospheric oxidation may seriously affect the apparent 
position of equilibrium (Noller and Raney, ibid., 1940, 62, 1749; Noller and Castro, ibid., 
1942, 64, 2509). It seems evident that very rigorous precautions must be taken to obtain 
Satisfactory physico-chemical measurements on these systems. 

81 
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Another line of inquiry arose from observations that the solubility of magnesium chloride in 
ether is greatly increased by the presence of the Grignard compounds. This cannot be explained 
in terms of equations (1) and (2). It was originally attributed to the production of metastable 
supersaturated solutions of magnesium chloride during the formation of the Grignard compound 
(Schlenk and Schlenk, Joc. cit.). However, the increased solubility has since been observed in 
the presence of solid magnesium chloride (Doering and Noller, J. Amer. Chem. Soc., 1939, 61, 3436). 

A fourth line of evidence has been obtained from studies of the electrolysis of organo- 
magnesium halides (cf. Evans, Pearson, and Braithwaite, ibid., 1941, 68, 2574, who give earlier 
references). Transference studies indicate that magnesium must be present in the anions as 
well as in the cations, which again does not agree with equations (1) and (2) (see Discussion, 
below). 

The object of the present investigation was to obtain more precise information about the 
equilibria in Grignard solutions. Really reliable determinations of equilibrium constants for 
reactions such as (1) and (2) would be of great interest in leading to standard free energies 
related to thermochemical data on Grignard compounds (Mackle and Ubbelohde, J., 1948, 1161; 
Mackle, Maniece, and Ubbelohde, unpublished). 

Sealed vessels were prepared containing varying amounts of ether, magnesium iodide, and 
methylmagnesium iodide. In the light of previous experience rigorous precautions were taken 
to avoid atmospheric oxygen and other impurities. It was also found necessary to eliminate 
photochemical effects by working in the dark. The concentration of magnesium iodide in a 
vessel was determined from time to time over a period of days, using a simple freezing-point 
technique, and the concentration of the other components was evaluated by difference. 

No evidence could be obtained of an equilibrium of the Schlenk type. As is discussed below, 
the observations could be accounted for in terms of the formation of a complex, which may in 
addition contain ether molecules : 


nMgl, + CH,Mgl <> [nMgl,,CH,MgI) 


The most probable values are n = 2, and the heat of formation = — 18-3 kcals./mole; higher 
values of m are not wholly excluded. A tentative formula for the complex is 


CH;.. a. TF 
Mg++ “Mg Mg ,mEt,O 
I ” a ‘. I 


and its formation explains many of the results of earlier workers. 


EXPERIMENTAL. 


Preparation of the Solutions of Methylmagnesium Iodide.—Previously described methods (Mackle and 
Ubbelohde, Joc. cit.) were used for the preparation of ethereal solutions of methylmagnesium iodide 
from specially pure magnesium, carefully purified ether, and methyl iodide. Dry oxygen-free nitrogen 
was used to protect the ethereal solutions at every stage during preparation, transfer, and storage of all 
the solutions. An improved form of vessel was devised for the preparations (Fig. 1), since it had been 
found that atmospheric moisture depositing on the outside of the condenser tended to seep into the 
flask unless the appropriate ground joint was reversed as in Fig. 1. As the last stage of the drying 
process, purified ether was in all cases distilled in nitrogen from a Grignard reaction, immediately before 
use (Mackle, Proc. Irish Acad., in the press). 

veparation of Solutions of Magnesium Iodide.—The same apparatus was used as above. Pure 
resublimed iodine (May and Baker) (30 g.), dissolved in purified ether, was added very gradually from 
the dropping funnel to the reaction flask containing 5 g. of magnesium and enough ether to cover it. 
The reaction was violent at first, and was completed to disappearance of the iodine colour by heating 
under reflux. The resulting mixture (present as two layers) was siphoned off and kept in darkness under 
nitrogen till required. If the magnesium iodide crystallised out on storage, it was brought into solution 
by gently warming the outside of the vessel with a swab wetted with hot water. 

Photochemical Decomposition of Magnesium Iodide in Ether.—Menschutkin reported (Z. anorg. Chem., 
1906, 49, 34) that magnesium iodide dietherate became yellowish-brown after several hours and brown 
afteraday. Similar behaviour was observed in the present experiments in spite of the rigorous pre- 
cautions against atmospheric oxidation. Special tests showed that the oxygen-free solutions of magnesium 
iodide become brown and cloudy on exposure to daylight, or to the light from a mercury arc, but that 
solutions kept in the dark remained clear and colourless indefinitely. All work with the solution was 
therefore carried out in darkness or in diffuse light. : 

The Solubility Curve of Magnesium Iodide Dietherate in Ether.—In view of the uncertainty attaching 
to Menschutkin’s observations (loc. cit.), owing to possible photochemical decomposition, the solubility 
curve of magnesium iodide dietherate was redetermined between 0° and 20°. The two-phase region 
from 23° to 38°, also investigated by Menschutkin, was not suitable for the Fae urpose. By use of 
the apparatus shown in Fig. 2 the magnesium iodide solution, prepared as soeioel. was transferred to 
the Pyrex vessel (A), using a counter-current of nitrogen. The vacuum vessel (V) was then filled with 
ice, and the magnesium iodide dietherate caused to crystallise, leaving an ether solution with traces of 
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ydroxide in suspension. This was withdrawn and replaced by pure ether. The whole 
i ‘kness. 

For solubility determinations the vessel (A) was heated, with shaking, a few degrees above the 
ture of the water in the vacuum-flask. This led to dissolution of part of the crystals. It was 
then immersed in (V) and shaken occasionally until its temperature dropped to that of the water in the 
flask (V). The calcium chloride—-soda lime tube (C) was then closed. ry oxygen-free nitrogen which 
flowed continuously in by (D) and out by (C) built up a pressure and forced over the clear saturated 
jution along tube (B). Six portions of this solution were collected in six dried and weighed conical 
a (provided with stoppers). The stoppers were replaced immediately and the conical flasks plus 

contents were reweighed. 


Fic. 1. Fic. 2. 
Apparatus for making up solutions. Determination of solubility of MgI,,2(C,H,),O. 
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The iodide content of three of these was determined by the standard Volhard method. The other 
three were used for determination of the magnesium content by 8-hydroxyquinoline. This process was 
repeated for a range of temperatures from 0° to 20°. Although it was not strictly necessary to determine 
both the iodide and magnesium contents to calculate the solubility, both determinations were made soas 
to test the purity of the magnesium iodide. The ratio in the most unfavourable case was 1 : 1-93 and 
the average 1: 1-98. Data obtained for the solubility at different temperatures are given in Table I. 
The values now obtained agree well with Menschutkin’s data (cf. Fig. 3). 


TABLE I. 
Solubility of magnesium iodide dietherate. 


0-0° 4-0° 80° 11-0° 126° 14-4° 166° 18-5° 20-0° 
1-21 1-35 175 225 268 3-22 402 6523 6-78 


Systems Used to Study the Equilibrium, CH,;MgI-MglI,-(C,H,),0.—Different volumes of methyl- 
magnesium iodide and magnesium iodide solution of known strength were mixed in glass tubes, and the 
tubes were sealed under nitrogen. They were kept in darkness at constant temperature, and their 
a were determined by a freezing-point method. 

e solutions of methylmagnesium iodide and magnesium iodide, prepared as described, were 
transferred in an atmosphere of nitrogen to two separate containers. One of these, fitted with a cap and 
a tap in the side arm, is shown at the top left of Fig. 4. A small flow of protective nitrogen issued from 
the capillary opening (A). The burette (B) was set up so that the end of the side-arm of the container 


— inside the top of the burette, and all air was excluded by a flow of dry oxygen-free nitrogen as 
own. 
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The two burettes were respectively filled with the two solutions from the containers, and measured 
volumes of each were added to a number of Pyrex vessels (Fig. 4a) by means of the filling funnel (Fig. 45) 
This was fitted with a side-arm for a nitrogen lead to give an inert atmosphere around the tip of the 
burette. The long stem of the funnel served to avoid any wetting of the constriction in the vessel 
by the solutions, which was important to obtain a good seal at a later stage. 


Fic. 4. 
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Solubility of Mgl, in ether :20—20°. 
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After filling, each Pyrex vessel was cooled in solid carbon dioxide-methylated spirit to ca. —80°. 
The filling funnel was then withdrawn, and the tube quickly sealed at the top of the constriction using a 
coal gas-oxygen flame. 

he compositions of the two stock solutions were determined by evaluating, in known volumes of each, 
the amount of Grignard reagent and of magnesium iodide as previously described. Good agreement was 
obtained between determinations at the beginning and end of a series of filling operations, showing that 
the difficulties in handling these solutions had been successfully overcome. The mass of 10 ml. of each 
solution was also determined (see below). 


TABLE II. 
Original composition of contents of sealed tubes. 


Moles of Moles of Moles of Moles of Moles of Moles of 
Mgl, CH,;MglI No. of ether Mgl, CH,MglI 
x. 104. x 104. tube. x 105. x 104. x 104. 
45-7 89-2 6 (b) 15-3 48-6 41-0 
45-7 82-0 8 (b) 14-9 51-2 32:3 
47-7 54-8 9 (a) 15-6 55-4 30-8 
15-8 46-8 49-5 


Vessels marked (a) were stored in the dark at 20° and those marked (b) inthe dark at 0°. The contents 
were tested from time to time as described in the following paragraphs. 

Determinations of Composition as a Function of Time.—To find whether the contents of the sealed 
vessels changed in composition with time, as would be the case if a Schlenk equilibrium were slowly 
reached, a method of analysis depending on the solubility of the magnesium iodide was used. This 
consisted in cooling the sealed vessels until the excess of magnesium iodide started to crystallise, and 
then warming them very slowly (ca. 1° in every 2 minutes) with continuous shaking, until dissolution 
was just complete. At this temperature the contents of the vessel formed a saturated solution of 
magnesium iodide. On the assumption that the presence of organo-metallic compounds did not affect 
the thermodynamic activity of the magnesium iodide (as is probably approximately true for the concen- 
trations used), the molar fraction in solution could be obtained from the observed solution temperature. 
By plotting this solution temperature as a function of the time of storage, it was possible to obtain 
direct information as to whether slow shifts of equilibrium were taking place over a period of days. 
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Such plots are recorded in Fig. 5. : The results are more erratic at the low temperatures on account 
of the shape of the solubility curve (Fig. 3), but the main conclusion is that no slow shift of equilibrium 
was observed, involving a change in the molar fraction of magnesium iodide. 

To test this conclusion more searchingly, the storage temperatures of vessels (a) and (b) of Table II 
were reversed after 14 days. No change in the solution tem ture for any vessel was observed over a 
further 6 days, showing that the storage temperature did not affect the position of equilibrium as 
determined from the freezing point of magnesium iodide dietherate. All the results are included in 
Table III, but, because of the less reliable data at the lower temperatures, results for these have not been 
plotted in Figs. 6 and 7. 

Fic. 6. 


Tests of possible equilibrium constants. 
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Calculation of the Composition of the Solutions in the Sealed Vessels—This may be illustrated by a 
typical example. 
Results. Initial determinations : 


Strength of CH,MgI solution = 1- . per 10 ml. of solution. 
Mass of CH,MglI solution ° . per 10 ml. of solution. 
Strength of MgI, solution 6 g. per 100 g. of solution. 

- Mass of Mg], solution 030 g. per 10 ml. of solution. 
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By use of these data, full details of the initial solutions in the tubes can be calculated. For example 
from Fig. 3 a temperature of 287-8° K. corresponds with 3-22 g. of magnesium iodide per 100 g. of solution. 
i.e., a molar fraction of 0-401. If the same molar fraction is assumed to apply for the same freezing 
point in the mixture (i.¢., Raoult’s law), the results in Table III could be calculated. 

At the end of the experiments several of the tubes were opened under nitrogen and were slightly 
cooled to induce partial crystallisation. The supernatant solution was sucked off and removed by washing 
with ether. Analysis of the residual crystals showed they were pure magnesium iodide dietherate, 
This verified the conclusion that no organo-metallic compound crystallised with the magnesium iodide 
under the conditions of the experiments, showing that the correct solubility curve was used. 


Fic. 7. 
Logarithmic solubility curve of MgI,,2(C,H,)O. 








107/T. 


DISCUSSION. 


Formation of Complexes in Solution.—The results of the preceding section provide no evidence 
of a slow equilibrium of the type of equation (1) or (2). Furthermore, comparison of columns 
1 and 2 of Table III shows that a large proportion of “‘ free ’’ magnesium iodide disappears from 
solution, the amount disappearing increasing with the amount of methylmagnesium iodide 
originally present. This confirms the general observations on chlorides by other authors 
(Doering and Noller, Joc. cit.). Some kind of complex formation appears to be indicated. 

In order to give a more precise explanation of the data now obtained, we may examine 
tentative equilibria of the general type 


mMgl, + CH,Mgl =  [nMgl,,CH,Mgl] 


* moles (0 oo *) moles ¢—* moles 
where a is the no. of moles of magnesium iodide initially, b is the no. of moles of methylmagnesium 
iodide, and # is the no. of moles of magnesium: iodide at equilibrium. Search must then be 


made for an equilibrium constant : 
K = [mMgl,,CH,;MgI]/[CH,Mglj[MgI,J" .... . (3) 


From the data in Table II and from the solubility curve of magnesium iodide dietherate, the 
various concentrations are readily calculated for values of n = 1, 2, 3, etc., and the corresponding 
equilibrium constants may be computed as shown in Table III. It is assumed that no extensive 
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dissociation of magnesium iodide or of methylmagnesium iodide into ions occurs in ether solution, 
and that the complex is not extensively dissociated into ions. 


TABLE III. 


Equilibrium data. 

a x 104 b x 104 

initial . initial 

Mgl,, CH,MglI, v X 108 K 
moles. ’ moles. litres. 2 = 1, 
45-7 : 20-9 1-94 
45-7 , S 19-85 2-10 
46-8 ° } 16-9 3-86 
47-7 * 17-9 3-14 
48-6 : . 16-4 5-85 3-474 
51-2 ‘ . 15-9 274 3-447 
55-4 16-5 — . . . 3-438 


It must be kept in mind that present evidence indicates that the equilibrium (3) is rapidly 
established, so that the value of K corresponds in each experiment to the freezing point at which 


it is evaluated. To test equation (3) it is therefore necessary to use the integrated form of the 
van’t Hoff isochore 


by 
by 


i) 


108/T. 
3-599 
3-583 
3-507 
3-510 


tat tat at 
SO ee 


log K, — log K, = (—AH/4-57)(1/T, — 1/T;) 


Plots of log K against 1/T (Fig. 6) give no evidence of a mass action constant form = 1. Data 
for n = 2 give a good straight line, but » = 3 is not wholly excluded. 

In the plots, allowance has been made for the fact that solution temperatures were measured 
just as the last few particles of magnesium iodide dietherate were disappearing. These amounts 
were estimated to be not more than 0°02 g., from which error limits in the slopes of the plots of 
log K against 1/T could be determined. AH in equation (3) is ~18-3 + 1:1 kcals. if m = 2, or 
41-1 + 1°5 kcals. ifm = 3. 

Comparison with Other Lines of Evidence on the Formation of Complexes.—(a) Molecular-weight 
determinations from the elevation of boiling point of dimethyl ether by methylmagnesium 
iodide indicate molecular weights rather greater than 2CH,;MgI (Terentjew Z. anorg. Chem., 
1926, 156, 73). Evidence of association has also been recorded by Meisenheimer and 
Schlichenmaier (Ber., 1928, 61, 721). In both sets of experiments the solutions were not free 
from criticism, showing opalescence and a Mg: I ratio considerably below 1:2. However, 
the results are in general agreement with the present findings, indicating complexes which may 


tentatively be written as 
CH;... he os CH;= 
Mg**+ oMg. Mg 
CH; “ye “J 


(6) Conductance experiments are in general agreement with the formation of complex 
anions containing magnesium. Evans, Braithwaite, and Field (loc. cit.) propose the equilibrium, 
R,Mg,X, == [RMgX,]~ + [MgR]*, but the complex suggested by the present findings does 
not appear to be contradicted by the experiments on electrolysis of organo-magnesium halides. 

(c) The magnitude of the heat of complex formation, —18°3 ++ 1°1 kcals., may be compared 
with the value (— 22-5) for the equilibrium (Fischer and Rahifs, Z. anorg. Chem., 1932, 205, 1), 
2All, == Al,I,. It is suggested that the bonds in the resonance systems 


» A... A CH;.. J. = 
TAIL Ak oand [ oMg: | oMge | 
i “ye “I L . 3 
are closely similar in electronic behaviour. This would require the CH,;-Mg bond to have 
about the same ionic character as the I-Mg bond in methylmagnesium iodide. Some support 
for this is provided by the almost instantaneous exchange reactions in diethyl ether, of the type 
ZnCl, + C,H,MgBr ==> Zn(C,H;)Cl + MgBrCl (Evasn and Pearson, J. Amer. Chem. Soc., 1942, 
64, 2868). 

These very rapid reactions suggestthat the aliphatic Grignard compounds areperhaps best com- 


+ 
pared with ion-pair systems RMgX. In the case of aromatic Grignard compounds the complex 
anion appears to grow to the size of a colloidal micelle (Evans and Pearson, loc. cit.) by association. 
This may be tentatively attributed to the high polarisability of the aromatic nucleus leading to 
the continuation of association to values of n> 2. 

In view of present findings it may be expected that, when a Grignard reagent can react in 
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alternative ways, the extent to which the alternative reactions occur should be modified by 
adding excess of magnesium iodide so as to shift the extent to which complex formation occurs, 
Some evidence of this has previously been published by Mackle and Ubbelohde (loc. cit.), 

Heat of Solution of Magnesium Iodide Dietherate in Diethyl Ether.—From the data recorded 
in Table I, and from those of Menschutkin, we may calculate the heat of solution for the process 


MglI,,2Et,0 + ether —> MgI, + 14-7 kcals./mole. 

solid ether solution 
using the equation dlnS/dT = AH /RT?, where the solubility S is expressed as a molar fractio 
of magnesium iodide dietherate. 


The slope of log S plotted against 1/T gives a shallow curve (Fig. 7). The average slope 
corresponds with AH = 14°7 kcals./mole. 


n 
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559. Quinaldine and 4-Hydroxyquinaldine Derivatives from 
m-Chloroaniline and m-Toluidine. 


By A. M. Spivey and (the late) F. H. S. Curp. 


Doebner-Miller and Conrad—Limpach syntheses with m-chloroaniline and m-toluidine have 
been investigated and optimum reaction conditions determined. The isomers obtained have 
been separated an orientated and the proportions of 5- to 7-substituted quinaldines and 5- to 
7-substituted 4-hydroxyquinaldines have been estimated. 

The modified procedure (G.P. 567,273) for the Doebner—Miller synthesis has been found to 
give greatly improved yields of quinaldine derivatives and to give a maximum yield at 60—70% 
sulphuric acid concentration. The proportion of 7-substituted isomer increases with decrease 
of acid concentration with both arylamines studied. 

In the Conrad—Limpach synthesis the dilution of the solvent used for cyclisation appears to 
have practically no effect on the yield and ratio of isomers formed. 


THE application of quinoline syntheses to m-substituted anilines, in which both positions ortho 
to the amino-group are free, may give rise to both 5- and 7-substituted derivatives. In this 
connexion, Bradford, Elliott, and Rowe (J., 1947, 437) investigated the Skraup reaction with 
several m-substituted anilines and found that the proportion of 5- to 7-substituted quinoline 
was dependent on the nature of the m-substituent. Strongly o-p-directing groups, such as 
methyl, produced only the 7-substituted derivative, whilst weakly o0-p-directing substituents, 
such as chlorine, produced a mixture in which the 7-substituted derivative predominated, and 
m-directing substituents, e.g., nitro, gave a mixture in which the 5-substituted derivative pre- 
dominated. The ratio of isomers was influenced by the concentration of sulphuric acid only in 
the case of m-chloroaniline. The work described in this communication was undertaken to 
determine the effect of the m-substituent in other quinoline syntheses and the effect of groups 
ultimately appearing in the hetero-ring on the direction of ring closure. 

In the Doebner-Miller synthesis the application of the modified procedure, using m-nitro- 
benzenesulphonic acid as a water-soluble acid oxidising agent in 60—80% sulphuric acid, as 
described in G.P. 567,273 and by Utermohlen (J. Org. Chem., 1943, 8, 544), has been found to 
give a vastly improved yield (60%) of chloroquinaldines compared with the original Doebner- 
Miller method (Ber., 1883, 16, 2465) (21%). This procedure probably involves the smooth 
oxidation of the dihydroquinaldine derivative (I) to the quinaldine derivative (II) and thus 


, 


_ 
AA ON ON/\ 
(Y . 
\Anei R Ah Bs RK Aout 
(I1.) (III.) (IV.) 


supports the mechanism suggested for this reaction by von Miller (Ber., 1891, 24, 1720; 1892, 
25, 2072). The yield of chloroquinaldines varied with the concentration of the sulphuric acid 
employed, and was a maximum (60%) for acid of 60% strength. When sulphuric acid of a 
strength outside the range 60—80% was used the yield was considerably reduced. Utermohlen 
(loc. cit.) obtained a 60% yield of 5- and 7-chloroquinaldines using 75% sulphuric acid but did not 
attempt to separate them. After unsuccessful preliminary attempts at separation of the 
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jsomers by fractional crystallisation of the dichromates from water, the hydrochlorides from 
acetic acid, and the picrates and perchlorates from alcohol, we finally achieved separation by the 
fractional crystallisation of the picrates from 2-ethoxyethanol. It was found that a mixture of 
isomers resulted at all concentrations of acid investigated and that the proportion of the 
7-substituted isomer increased from 67% using 80% sulphuric acid to 80% using 40% sulphuric 
acid. The orientation of the 5- and 7-chloroquinaldines, of which only the 7-substituted isomer 
had apparently been obtained previously (Bartow and McCollum, J. Amer. Chem. Soc., 1904, 26, 
703), was accomplished by conversion into the corresponding 5- and 7-chloroquinaldinic acid 
(iv; R=H, R’ = Cl) and (IV; R=Cl, R’=H), decarboxylation, and comparison with 
authentic specimens of the respective chloroquinolines. Conversion of the chloroquinaldines 
into the chloroquinaldinic acids by direct oxidation with chromic acid or by oxidation of the 
chloro-2-styrylquinoline with chromic acid and nitric acid was unsatisfactory. It was achieved 
by bromination (cf. Hammick, J., 1926, 1302) to the 5- and 7-chloro-w-tribromoquinaldine 
(111; R =H, R’ = Cl) and (III; R = Cl, R’ = H) and subsequent hydrolysis to the chloro- 
quinaldinic acids by boiling under reflux with 20% sulphuric acid for 20—30 hours. 

In the first step of the Conrad—Limpach synthesis with ethyl acetoacetate and m-chloro- 
aniline, ethyl 6-m-chloroanilinocrotonate (V) was obtained in good yield by use of hydrochloric 
acid as a catalyst in the manner suggested by Coffey, Thomson, and Wilson (j., 1936, 856). 
Cyclisation of the crotonate in liquid paraffin oil at 240—250° (Limpach, Ber., 1931, 64, B, 969) 
gave a poor yield (20%) and a very impure product, and so, from a series of preliminary experi- 
ments using boiling diphenyl (Stephen, Tonkin, and Walker, J., 1947, 1034), diphenyl ether, and 
diphenylamine as cyclising solvents, diphenyl was selected for use throughout. The product 
consisting of 5(or 7)-chloro-4-hydroxyquinaldine was separated from diphenyl by extraction 
with boiling benzene and purified by dissolution in aqueous sodium hydroxide. The yield 
obtained (35—40%) was considerably less than that recorded by Price et al. (J. Amer. Chem. 
Soc., 1946, 68, 1256) (72%) or Steck et al. (ibid., 1948, 70, 1012) (81%). These authors state that 
this synthesis produces only the 7-chloro-4-hydroxyquinaldine (VI) whereas the indefinite 
m. p. of our product, even when recrystallised from alcohol, led us to believe that both the 
5- and 7-substituted isomers had been formed. Separation of the isomers by fractional 
crystallisation of the free bases from alcohol, the hydrochlorides from acetic acid, or the oxalates 
or perchlorates from alcohol was unsatisfactory. Owing to the difficulty of resolution of the 
reaction product the following unsuccessful attempts to synthesise both isomers unambiguously 
were made: (i) 4-chloroanthranilic acid or ethyl 4-chloroanthranilate was treated with acetone 
in the presence of sodium hydroxide solution; (ii) ethyl 4-chloroanthranilate and ethyl sodio- 
acetoacetate were mixed in alcoholic acetic acid solution but did not give ethyl 7-chloro-4- 
hydroxyquinaldine-3-carboxylate; (iii) the Conrad—Limpach synthesis with ethyl 4-chloro- 
anthranilate failed to give ethyl 5-chloro-4-hydroxyquinaldine-8-carboxylate ; and (iv) 4-chloro- 
2-toluene-p-sulphonamidobenzoic acid, heated under reflux with acetic anhydride, did not 
afford the mixed anhydride of 7-chloro-4-hydroxyquinaldine-3-carboxy-(5’-chloro-2’-carboxy)- 
anilide and toluene-p-sulphonic acid according to the method of Heller and Grundmann (Ber., 
1923, 56, 200). Albert, Brown, and Duewell (J., 1948, 1286) have since confirmed some of these 
failures by showing that 4-hydroxyquinoline derivatives could not be obtained from methyl 
anthranilate under a variety of conditions. A return to the problem of separating the isomers by 
fractional crystallisation of the salts revealed that, although a complete separation could not be 
achieved, the picrate of 7-chloro-4-hydroxyquinaldine could be isolated by crystallising the 
mixture of picrates from alcohol. The amount isolated indicated that this isomer predominated 
in the product. The orientation of 7-chloro-4-hydroxyquinalidine was demonstrated by 
reaction with phosphoryl chloride and comparison with an authentic specimen of 4 : 7-dichloro- 
quinaldine. Authentic specimens of 4: 5- and 4: 7-dichloroquinaldine were prepared from 
5- and 7-chloroquinaldines respectively by oxidation to the 5- and 7-chloroquinaldine N-oxide 
(VII; R= H, R’ = Cl) and (VII; R = Cl, R’ = H) and treatment with phosphoryl chloride. 
Oxidation with perbenzoic acid was found unsatisfactory owing to the instability of the latter, 


CO,Et Y ey DAN ps ~ 
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whilst the method of Newbold and Spring (J., 1947, 1183) for the oxidation of pyrazine deriv- 
atives to their N-oxides with hydrogen peroxide in glacial acetic acid failed. Monoperphthalic 
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acid in ether, however, effected smooth oxidation to the N-oxides and these were obtained 
as hydrates which could not be dehydrated. The N-oxides were converted into 4 : 5-dichloro- 
quinaldine (VIII; R= H, R’ = Cl) and 4: 7-dichloroquinaldine (VIII; R= Cl, R’ = H) 
according to the method of Bachman and Cooper (J. Org. Chem., 1944, 9, 302). 

Using the modified procedure, the Doebner—Miller synthesis with m-toluidine gave a maximum 
yield (32%) of dimethylquinolines at a 70% sulphuric acid concentration, whilst the original 
Doebner-Miller method gave only a 13% yield. The orientation and characterisation of the 
2:5- and 2: 7-dimethylquinolines have been carried out by Manske, Marion, and Ledger 
(Canad. J. Res., 1942, 20, B, 133). From the mixture of 2: 5- and 2: 7-dimethylquinolines 
obtained, 2 : 7-dimethylquinoline was isolated by filtration through sintered glass and 2: 5. 
dimethylquinoline picrate was isolated from a mixture of the picrates by fractional crystallisation 
from 2-ethoxyethanol. The composition of the mixture of 2: 5- and 2 : 7-dimethylquinoline, 
obtained using varying concentrations but the same amount of sulphuric acid, was estimated by 
converting the mixture into its picrate and comparing the melting point of the latter with 
the melting point diagram for the system 2: 5-/2 : 7-dimethylquinoline picrate. The results 
show that, as with m-chloroaniline, the proportion of the 7-substituted isomer increased from 
about 60% using 80% sulphuric acid to 82% using 60% sulphuric acid. 

In the Conrad—Limpach synthesis with m-toluidine, ethyl 6-m-toluidinocrotonate was readily 
obtained and cyclisation in refluxing diphenyl gave a mixture of the isomeric 4-hydroxy-5- and 
-7-methylquinaldine (IX; R= H, R’=CH,) and (IX; R=CH,, R’=H) in 53% yield, 
Preliminary experiments indicated that the yield and proportion of isomers were practically 
independent of the nature of the cyclising solvent and of the temperature in the range 250—300°. 
After unsuccessful attempts at separation by the fractional crystallisation of the free bases from 
alcohol, methanol, and acetic acid, of the hydrochlorides from acetic acid, and of the picrates and 
perchlorates from alcohol, and by solubility in aqueous sodium hydroxide, the mixture of isomers 
was finally resolved by fractional crystallisation of the oxalates from alcohol. The composition 
of the mixture, estimated by weighing the oxalates isolated, was 56% of the 5- and 44% of the 
7-methyl isomer. The orientation of the 4-hydroxy-5- and -7-methylquinaldines was demon- 
strated by conversion into 4-chloro-5- and -7-methylquinaldine (X; R =H, R’ = CH,) and 
(X; R= CH,, R’ = H) and catalytic dehalogenation of the latter to 2 : 5- and 2 : 7-dimethyl- 
quinoline (XI; R = H, R’ = CH;) and (XI; R = CH;, R’ = H), which were compared with 
authentic specimens. Catalytic dehalogenation was achieved with Raney alloy and alkali 
according to the method of Schwenk, Papa, Whitman, and Ginsberg (J. Org. Chem., 1944, 9, 1). 
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Our results for the Doebner—Miller synthesis are in contrast to those obtained for the Skraup 
reaction by Bradford, Elliott, and Rowe (Joc. cit.). In that reaction the 7-substituted quinoline 
only was obtained with strongly o-p-directing, and a mixture of 5- and 7-substituted quinolines 
resulted from m-substituted anilines with weakly o-p-directing, substituents. 


EXPERIMENTAL 
M.p.s are corrected. Microanalyses were carried out by Drs. G. Weiler and F. B. Strauss of Oxford. 


Modified Doebner—Miller Synthesis with m-Chloroaniline——m-Chloroaniline (35-8 g., 0-28 mol.), 
sulphuric acid (of concentration and amount as indicated in Table I), and sodium m-nitrobenzene- 
sulphonate (70 g.) were heated, with stirring, to 120—-130° and at that temperature paraldehyde (45 c.c., 
equiv. to 1 mol. of crotonaldehyde) was added dropwise during 20 minutes. The mixture was boiled 
steadily under reflux with stirring for 1} hours and, after cooling and dilution with water (300—400 c.c.), 
any unchanged m-chloroaniline was decomposed by adding excess of sodium nitrite (20 g.) and boiling 
the mixture for } hour. The reaction mixture, while being cooled, was basified with sodium hydroxide 
and then distilled in steam. The steam-distillate was thrice extracted with ether and, after evaporation 
of the ether from the dried (CaCl,) extract, the residual oil was distilled to give a slightly yellow oily 
mixture of the 5- and 7-chloroquinaldines (yields, given in Table I, are those of the distilled product). 
The maximum yield obtained was 60% using 60% sulphuric acid (Utermohlen, Joc. cit., gives 60%). 

Separation of 5- and 7-Chloroquinaldine.—A solution of picric acid (36-7 g., 1-03 mols.) in 2-ethoxy- 
ethanol va c.c.) was added to a solution of the mixed isomers (27-8 g., 1 mol.) in the same solvent 
(245 c.c.) at 117°. After 10 minutes at that temperature, with occasional stirring, the picrate of 
5-chloroquinaldine (with some 7-chloroquinaldine picrate), m.p. 238—239°, which had crystallised, was 
filtered. The filtrate was cooled; the almost pure picrate of 7-chloroquinaldine, m. p. 190-193°, then 
separated and was collected. The filtrate from the latter was used to extract the original residue at 
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g0—85° for 10 minutes and thus gave almost pure 5-chloroquinaldine picrate, m. p. 242—-243°. The 
proportion of 5- to 7-chloroquinaldine was estimated from the weights of pure picrate obtained, losses 
during tion amounting to 11—18%. The original Doebner—Miller synthesis, involving the 
heating, under reflux, of m-chloroaniline (35-8 g.), paraldehyde (45 c.c.), and concentrated hydrochloric 
acid (60 c.c.) for " hours and working up in the manner described above for the modified procedure, 
gave a total yield (21%) of material which comprised 5-chloroquinaldine (11%) and 7-chloroquinaldine 

9, 

9 P :novoquinaldine.—The picrate, m. p. 242—243°, was strongly basified and the base was distilled in 
steam and extracted with ether. After drying (CaCl,) and evaporation of the solvent, the residual 
5-chloroquinaldine was distilled to give a slightly yellow, highly refractive oil, b. p. 276—278°/754 mm. 
(Found : C, 67-5; H, 4-6; N, 7-7; Cl, 20-5. C,9H,NCl requires C, 67-6; H, 4:5; N, 7-9; Cl, 20-0%), 
which, on exposure to the atmosphere, formed a trihydrate, colourless needles, m. p. 52—53° (Found: 
H,O, 2-4. CyH,NC1,3H,O requires H,O, 23%). 5-Chloroquinaldine formed a picrate, which crystallised 
from 2-ethoxyethanol in pale yellow needles, m. p. 241—243° (Found : C, 47-5; H, 2-6; N, 13-3; Cl, 8-5. 
CyH,NCI,C,H,O,N, requires C, 47-0; H, 2:7; N, 13-7; Cl, 8-8%), a hydrochloride, which crystallised 
from alcohol—ligroin in prismatic plates, m. p. 238—240° (Found: C, 543; H, 43; Cl, 31-3. 
CyH,NCI,HC1,4H,O requires C, 53-8; H, 4-5; Cl, 31-8%), and a pert which crystallised from 
alcohol in colourless needles, m. p. 162—164° (Found: C, 43-6; , 3-6. C,H,NCI,HCIO, requires 

, 43-2; H, 32%). 
. P cismapeincttine.—The picrate, m. p. 190—193°, was converted by the method used for the 
5-substituted isomer into 7-chloroquinaldine, colourless needles (from ether), m. p. 77—78°, 
b. p. 280—282°/761 mm. (Bartow and McCollum, Joc. cit., give 5(or 7)-chloroquinaldine m. p. 78°) 
(Found : C, 67-9; H, 4-6; N, 7-7; Cl, 19-5. Calc. for C,gH,NCl: C, 67-6; H, 4-5; N, 7-9; Cl, 20-0%). 
7-Chloroquinaldine gave a picrate, which crystallised from 2-ethoxyethanol in large, orange-yellow needles, 
m. p. 191—193° (Found : C, 47-5; H, 2-7; N, 13-6; Cl, 84. CyH,NCI,C,H,O,N, requires C, 47-0; 
H, 2-7; N, 13-7; Cl, 8-8%), and a hydrochloride, which crystallised from alcohol-ligroin in colourless 
needles, m. p. 248—249° (Found: C, 56-3; H, 4-8; Cl, 32-6. C,.H,NCI,HCl requires C, 56-1; H, 4-2; 
Cl, 33-2%). 


TaBLeE I, 
Yield (%) and proportion of 5- and 7-chloroquinaldine. 


Sulphuric acid. Yield (%) of Estimated composition 
Quantity, 5- and 7-chloro- of product. 
c.c. 


7- (%). 
67 


115 
125 
142 
157 
177 
228 
304 


7-Chloro-2-styrylquinoline.—7-Chloroquinaldine (5 g.) and benzaldehyde (3 g.) were heated with 
anhydrous zinc chloride (2 g.) at 120° for 1 hour and then at 150° for4hours. After cooling, the resulting 
solid was ground to a fine powder and boiled with acetone (75 c.c.); the insoluble matter was removed by 
filtration and the filtrate concentrated to give 7-chloro-2-styrylquinoline (32%), which crystallised from 
acetone in colourless leaflets, m. p. 131° (Found : C, 76-6; H, 4-4; N, 5-2; Cl, 13-3. C,,H,,NCl requires 
C, 76-8; H, 4:5; N, 5-3; Cl, 13-4%). 

Orientation of 5- and 7-Chloroquinaldines.—7-Chloro-w-tribromoquinaldine. Finely powdered fused 
sodium acetate (15 g.) was added with stirring to a solution of 7-chloroquinaldine (2-3 g.) in glacial acetic 
acid (45 c.c.) at 70—-80°. When dissolution was complete, bromine (6-8 g., 3-11 mols.) in acetic acid 
(15 c.c.) was added with shaking during 10 minutes at the same temperature. The mixture was heated 
to boiling and boiled for 5 minutes until bumping became excessive, whereupon it was transferred to a 
steam-bath, where the reaction was completed by heating the mixture for 20 minutes. After cooling to 
50°, the mixture was poured into cold water (200 c.c.) and, after being kept overnight, the —S—,. 
bromo-compound was collected, washed, and dried at 90° (yield, 84%); m. p. 150—165°. ecrystallis- 
ation from alcohol to constant a gave colourless needles, m. p. 175° (Found : C, 29-2; H, 1-4; N,3-4%; 
1 mg. equiv. to 1-66 mg. of AgX. C,H,;NCIBr, requires C, 29-0; H, 1:2; N, 3-4%; 1 mg. equiv. to 
1-71 mg. of AgX). 

7-Chloroquinaldinic acid. 7-Chloro-w-tribromoquinaldine (8-2 g.) was heated under reflux with 20% 
sulphuric acid (60 c.c.) for 20 hours. After cooling, the solid, which had settled and was a mixture of 
unchanged bromo-compound and chloroquinaldinic acid, was filtered off, and careful addition of aqueous 
ammonia to the filtrate gave a white precipitate of 7-chloroquinaldinic acid, which was collected, washed, 
and dried (yield, 20%); m. p. 185—187° (decomp.) (Found: C, 57-8; H, 3-0; N, 7-0; Cl, 16-9. 
CyH,O,NCI requires C, 57-8; H, 2-9; N, 6-8; Cl, 17-1%). 

When the acid (0-4 g.) was heated slightly above its m. p. for $ hour and then more strongly a brown 
oily distillate was obtained. The latter formed an oxalate, which crystallised from alcohol in colourless 
oe m. p. 164—165°, undepressed on admixture with an authentic specimen of 7-chloroquinoline 
oxalate, m. p. 164°. 

§-Chlero- ertetbvemequinaltine. 5-Chloroquinaldine (6-0 g.) was brominated with bromine (18-0 g., 
3-11 mols.) in glacial acetic acid (120 c.c.) containing anhydrous sodium acetate (40 g.) in the same way 
as 7-chloroquinaldine (yield, 91%). 5-Chloro-w-tribr uinaldine, recrystallised from alcohol to constant 
Mm. p., gave colourless rhombohedra, m. p. 103° (Found: C, 29-4; H, 1-3; N, 3-1%; 1 mg. equiv. to 
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1-66 mg. of AgX. C,H,;NCIBr, requires C, 29-0; H, 1-2; N, 3-4%; 1 mg. equiv. to 1-71 mg. of 
AgX). 
; 5-Chloroquinaldinic acid. 5-Chloro-w-tribromoquinaldine (10-0 g.) was hydrolysed in the same wa; 
as the 7-substituted isomer by boiling with 20% sulphuric acid (75 c.c.) under reflux for 26 hours (yield 
22%). Recrystallisation from aqueous alcohol to constant m. B gave colourless needles, m. p. 176° 
es aoe : C, 57-3; H, 3-1; N, 6-7; Cl, 16-8. CygH,O,NClI requires C, 57-8; H, 2-9; N, 6-8: 
Cl, 17-1%). , 
When the acid (0-4 g.) was distilled a light brown oil collected and formed an oxalate, m. p. 145° 
undepressed on admixture with an authentic specimen of 5-chloroquinoline oxalate, m. p. 146°. i 
Convad—Limpach Synthesis with m-Chloroaniline—Equimolecular proportions of m-chloroaniline 
(81-4 g.) and ethyl acetoacetate (83-0 g.) were mixed at room temperature with the addition of hydro- 
chloric acid (0-05 g.) as catalyst and set aside overnight. The lower layer of ethyl B-m-chloroanilino- 
crotonate was separated, washed twice with 25% hydrochloric acid (20 c.c.) to remove unchanged 
m-chloroaniline, and twice with water before drying (Na,SO,). Ethyl f-m-chloroanilinocrotonate 
(40 g.) was added dropwise during 15 minutes to diphenyl (of quantity as shown in Table I), refluxing at 
254—255°, and the mixture heated under reflux for a further 10 minutes. The reaction mixture was 
allowed to cool, the diphenyl was extracted with boiling benzene, and the resulting 5- (and/or 7-)chloro-4- 
hydroxyquinaldine purified by dissolution in boiling aqueous sodium hydroxide, filtration, and 
precipitation with acid. 


TaBLeE II. 
Yield (%) of 5(and/or 7)-chloro-4-hydroxyquinaldine. 


Ratio of ester: diphenyl : 1:4 1:10 1:16 


Dipheny] (g.) 160 400 640 
Yield (%) 34 40 41 


7-Chloro-4-hydroxyquinaldine.—A solution of the mixture of isomers (97-5 g.) in alcohol (225 c.c.) and 
2-ethoxyethanol (50 c.c.) was mixed with a solution of picric acid (9-6 g.) in alcohol (40 c.c.) at the 
b. p. On cooling to 60° and maintenance at that temperature for 10 minutes almost pure 7-chloro-4- 
hydroxyquinaldine picrate, m. p. 234—236°, crystallised. This was collected and converted into 
7-chloro-4-hydroxyquinaldine by decomposing it and extracting the picric acid twice with aqueous sodium 
carbonate and cooling before filtering. Recrystallisation from 80% aqueous alcohol to constant m. p. 
gave colourless plates, m. p. 312° (decomp.) (Price e¢ al., loc. cit., give m. p. 313-5—315°, and Steck et al., 
loc. cit., give m. p. 315—316°) (Found: C, 61-7; H, 4-1; N,7-1; Cl,17-9. Calc. for CyyH,ONCI : C, 62-0; 
H, 4:1; N, 7-2; Cl, 18-3%). 

Orientation of 7-Chloro-4-hydroxyquinaldine.—7-Chloro-4-hydroxyquinaldine (3 g.) was boiled under 
reflux with phosphoryl chloride (15 c.c.) for 20 minutes. After cooling to 60°, the reaction mixture was 
poured on sodium hydroxide (36 g.) in water (70 c.c.) and crushed ice (300 g.) with stirring. The 
4: 7-dichloroquinaldine was precipitated, collected, washed well with water, and dried at 6(0—65°; 
m. p. 102—104° (yield, 88%). Recrystallisation from 90% aqueous alcohol gave colourless needles, 
m. p. 103°, undepressed on admixture with an authentic specimen of 4 : 7-dichloroquinaldine, m. p. 103°, 
prepared from 7-chloroquinaldine as described below. 

Unambiguous Synthesis of 4:5- and 4: 1-Dichloroquinaldine.—7-Chloroquinaldine N-oxide. 
7-Chloroquinaldine (13-0 g.) in saturated ethereal solution was added dropwise with stirring during 10 
minutes to an ethereal solution of monoperphthalic acid (22-4 g., 1-5 mols.) (Org. Synth., 1940, 20, 70; 
Bachman and Cooper, /oc. cit.) at 15°. On completion of the addition, stirring was continued for 2 hours 
to transform the resulting oil into solid 7-chloroquinaldine N-oxide phthalate. The separation of the 
latter was completed by keeping the mixture for 2 days in the ice-chest. The phthalate (36-4 g.) was 
collected, dried in the air, finely ground, and stirred with excess of 5% aqueous ammonia (250 c.c.) at 
room temperature for $} hour. The phthalate almost dissolved before the N-oxide hydrate was precipi- 
tated; the latter was collected, washed with water, and dried in vacuo (P,O;) to give 7-chloroquinaldine 
N-oxide monohydrate (60%), m. p. 106—111°. Recrystallisation from chloroform-ligroin to constant 
m. p. gave colourless needles, m. p. 119—120° (Found: C, 57-0; H, 4:6; N, 6-4; Cl, 16-9. 
C,H,ONCI,H,O requires C, 56-7; H, 4:7; N, 6-6; Cl, 168%). It formed a picrate, which crystallised 
from 2-ethoxyethanol in silky yellow needles, m. p. 133° (Found: N, 13-7, Cl, 80. 
C,H,ONCI1,C,H,;O,N, requires N, 13-3; Cl, 8-4%). 

4: 7-Dichloroquinaldine. 7-Chloroquinaldine N-oxide (0-8 g.) was added slowly, in portions, to 
phosphory] chloride chilled in ice, and the mixture was gently warmed and then boiled under reflux for 
thour. The reaction mixture was cooled to 60° and poured, with vigorous stirring, on sodium hydroxide 
(12 g.) in water (20 c.c.) and ice (100 g.). The product was collected, washed with water, and dried at 
60—70° (yield, 63%); m. p. 76—93°. Recrystallisation to constant m. p. from 50% aqueous alcohol 
gave colourless needles, m. p. 103° (Steck e# al., loc. cit., give m. p. 103-5—104°) (Found : C, 57-1; H, 33; 
N, 6-7; Cl, 33-3. Calc. for C,jH,;NCl,: C, 56-6; H, 3-3; N, 6-6; Cl, 33-5%). - It gave a picrate, which 
crystallised from methanol in silky yellow needles, m. p. 178° (Found: N, 13-0; Cl, 16%. 
C,)H,NCl,,C,H,O,N, requires N, 12-7; Cl, 16-1%). 

5-Chloroquinaldine N-oxide. 5-Chloroquinaldine (5 g.) was slowly added dropwise to an ethereal 
solution of monoperphthalic acid (7-7 g., 1-5 mols.) and the mixture worked up as for the 7-substituted 
isomer. The phthalate (10-8 g.) gave a product, m. p. 62—65°, which, after drying in vacuo (P,O,) and 
recrystallisation to constant m. p., gave 5-chloroquinaldine N-oxide dihydrate, colourless needles, m. p. 67° 
(Found: C, 52-8; H, 5-1; N, 6-1; Cl, 15-3. C,H,ONCI1,2H,O requires C, 52-4; H, 5-2; N, 61; 
Cl, 15-56%). It gave a picrate, which crystallised from 2-ethoxyethanol in minute silky yellow needles, 
m. p. 156—157° (Found : N, 13-5; Cl, 8:1. C,H,ONCI,C,H,O,N; requires N, 13-3; Cl, 8-4%). : 

4 : 5-Dichloroquinaldine.—5-Chloroquinaldine N-oxide (3-1 g.) was treated with phosphory] chloride 
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{15 c.c.) and worked up in the same way as 7-chloroquinaldine N-oxide. The product had m. p. 55—65° 
(yield, 50%), and recrystallisation to constant m. p. from 90% aqueous alcohol gave colourless needles, 
m. p. 89° (Found: C, 56-8; H, 3-3; N, 6-4; Cl, 33-6. C,H,NCI, requires C, 56-6; H, 3-3; N, 6-6; 
Cl, 335%). It formed a picrate, which crystallised in rosettes of lemon-yellow needles, m. p. 143° 
(Found : N, 13-2; Cl, 16-0. CyH,NCl,,C,H,O,N, requires N, 12-7; Cl, 16-1%). 

Modified Doebner—Miller Synthesis with m-Toluidine.—m-Toluidine (30 g., 0-28 mol.), sulphuric acid 
(of concentration and amount as indicated in Table III), and sodium m-nitrobenzenesulphonate (70 g.) 
were heated to 120—130° with stirring and paraldehyde (45 c.c., equiv. to 1 mol. of crotonaldehyde) was 
added during 20—30 minutes at that temperature. The mixture was heated under steady reflux during 
1} hours, during which period the b. p. increased owing to the decomposition and the volatility of the 

dehyde. The reaction mixture was cooled, diluted with water (300—400 c.c.), treated with sodium 
nitrite (20 g.), and boiled for 4 hour to decompose any unchanged m-toluidine. It was then cooled, 
basified with sodium hydroxide, and distilled in steam. The steam-distillate was extracted with ether, 
and the ethereal extract dried (CaCl,). Evaporation of the ether and distillation of the residue gave a 

e yellow oil, which at all acid concentrations investigated was a mixture of 2 : 5- and 2 : 7-dimethyl- 
quinoline (yields recorded in Table III are those of the distilled products). On cooling, 2 : 7-dimethyl- 
quinoline crystallised from this oil. 

Estimation of Mixtures of 2: 5- and 2: 7-Dimethylquinoline.—It was found impossible to separate 
these two isomers, but by filtration of the partly solidified mixture through sintered glass pure 2 : 7-di- 
methylquinoline was isolated. The oily filtrate, containing both isomers, was converted into a mixture 
of the picrates, extraction of which with 2-ethoxyethanol at 95—100° gave a residue of pure 2: 5-di- 
methylquinoline picrate, m. p. 222°. The previously isolated 2: 7-dimethylquinoline was converted 
into its picrate and a m. p. diagram for the system 2 : 5/2 : 7-dimethylquinoline picrates drawn. From 
this diagram the compositions of the mixtures of 2: 5- and 2: 7-dimethylquinolines, obtained using 
different concentrations of acid, were estimated (see Table III). The original Doebner—Miller synthesis, 
involving the boiling of m-toluidine (30 g.), paraldehyde (45 c.c.), and concentrated hydrochloric acid 
(60 c.c.) for 14 hours, followed by working up in the manner described for the modified procedure, gave a 
total yield (13%) of a mixture of 2 : 5-dimethylquinoline (18%) and 2 : 7-dimethylquinoline (82%). 


TaBLeE III, 
Yield (%) and proportion of 2: 5- and 2 : 7-dimethylquinoline. 


i 9 
Sulphuric acid. Phe nen _ Estimated composition 
Quantity. dimethy]l- M. p. of of product. 
(c.c.). quinoline. picrate. 7- (%). 
115 183° 
125 183-5° 
142 187° 
157 _— 
177 . 188-5° 
* Not much reliance can be placed on these figures since they occur on the flat part of the m. p. 
P g P 
curve. 


Recrystallisation, from ligroin, of the 2 : 7-dimethylquincline isolated from the mixture gave colour- 
less needles, m. p. 61—62°, b. p. 265°/745 mm. (Manske, Marion, and Ledger, Joc. cit., give m. p. 61°). 
This forrned a picrate, golden-yellow plates (from 2-ethoxyethanol), m. p. 196°, a styphnate, yellow plates 
(from 2-ethoxyethanol), m. p. 220—221°, and a trinitro-m-cresol complex, m. p. 250° (Manske, Marion, 
and Ledger, Joc. cit., give m. p. 196°, 222°, and 250°, respectively). 2: 5-Dimethylquinoline, which was 
isolated as its picrate, which crystallised from 2-ethoxyethanol in lemon-yellow needles, m. p. 222°, 
formed a styphnate, yellow needles (from 2-ethoxyethanol), m. p. 206° (Manske, Marion, and Ledger, 
Joc. cit., give m. p. 223° and 207°, respectively). 

Convad—Limpach Synthesis with m-Toluidine.—Equimolecular proportions of m-toluidine (64-3 g.) and 
ethyl acetoacetate (78 g.) were mixed at room temperature with the addition of hydrochloric acid (0-05 g.) 
as catalyst and set aside overnight. The resulting emulsion of the ester was disrupted by the addition 
of a concentrated sodium chloride solution, and the ester separated. It was washed by such a solution 
containing hydrochloric acid and dried (Na,SO,) (yield, 74%). Ethyl B-m-toluidinocrotonate (80 g.) 
was added dropwise to diphenyl (320 g.) refluxing at 254—255° during 25 minutes, and the mixture 
boiled under reflux for a further 10 minutes. The diphenyl was extracted 4 times with boiling benzene, 
and the resulting 4-hydroxymethylquinaldines were purified by dissolving them in boiling aqueous 
sodium hydroxide (decolorising charcoal), filtering, and reprecipitating them with acid. The product, 
after cooling, was collected, washed with water, and dried (yield, 53%). Experiments in which small 
amounts of ester (5 g.) were cyclised in refluxing diphenyl using ratios of ester : solvent from 1 : 2 to 
1: 20 indicated that the yield (50—60%) and the proportion of the isomers were independent of the 
concentrations at which cyclisation was carried out. 

Separation of 4-Hydroxy-5- and -7-methylquinaldines.—The resulting mixture of isomers was separated 
by fractional crystallisation of the oxalates from alcohol: A boiling solution of oxalic acid (7-6 g.) in 
alcohol (60 c.c.) was added to a solution of the mixture of isomers (20-8 g.) in alcohol (125 c.c.). The 
solution was allowed to cool to 60° and maintained at that temperature for 10 minutes, during which 
period the oxalate of 4-hydroxy-5-methylquinaldine separated. This was collected and dried (yield, 
$4 g.); m. p. 200—204°. On cooling the filtrate to room temperature, the oxalate of 4-hydroxy-7- 
methylquinaldine separated, was collected, and dried (yield, 6-8 g.); m. p. 171—174°. The losses during 
separation amounted to 40% and from the weights of oxalates the proportion of 4-hydroxy-5- to 
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4-hydroxy-7-methylquinaldine was estimated as 56:44. In experiments in which the cyclisation of the 
ethyl f-m-toluidinocrotonate was carried out in diphenylamine at 250—260° and in refluxing diphenyi- 
amine (302°), with an ester : solvent ratio of 1 : 4 in both cases, the yields were 44% and 50%, and the 
proportions of 4-hydroxy-5- to 4-hydroxy-7-methylquinaldine was 47:53 and 44: 56 respectively 
thus indicating only slight variations in the yield and the porportion of the isomers with variation of 
temperature and the nature of the solvent. 

4-Hydroxy-5-methylquinaldine.—From its oxalate 4-hydroxy-5-methylquinaldine was obtained by 
hydrolysis with sodium hydroxide at the b. p. and neutralisation withacid. After cooling to complete the 
separation, the product was collected, washed, and dried, m. p. 267—-271°. Recrystallisation (from 
methanol) to constant m. p. gave colourless prismatic needles, m. p. 278° [Backeberg and Friedmann 
J., 1938, 975, give 4-hydroxy-5(or 7)-methylquinaldine, m. p. 273°] (Found : C, 76-2; H, 6-4; N, 85. 
Calc. for C,,H,,ON: C, 76-3; H, 6-4; N, 80%). It formed an oxalate, which crystallised from alcohol 
in colourless prismatic plates, m. p. 213° (Found : C, 66-3; H, 5-5; N, 6-6. C,,H,,ON,H,C,O, requires 
C, 66-0; H, 5-5; N, 6-4%). 

4-Hydroxy-7-methylquinaldine.—From its oxalate 4-hydroxy-7-methylquinaldine was obtained in a 
similar manner; recrystallisation to constant m. p. (from alcohol) gave minute colourless needles, 
m. p. 261° (Found : C, 76-6; H, 6-8; N, 84. C,,H,,ON requires C, 76-3; H, 6-4; N,8-1%). It formed 
an oxalate, which crystallised from alcohol in pale brown prisms, m. p. 173—175° (Found: C, 66-3: 
H, 5-6; N, 6-9. C,,H,,ON,H,C,O, requires C, 66-0; H, 5-5; N, 6-4%). 

Orientation of 4-Hydroxy-5- and -7-methylquinaldine.—4-Chlovo-5-methylquinaldine. 4-Hydroxy-5- 
methylquinaldine (2 g.) was heated under reflux with phosphoryl chloride (6 c.c.) for 20 minutes. After 
cooling to 60° the reaction mixture was poured on a mixture of sodium hydroxide (12 g.) in water (20 c.c.) 
and crushed ice (150 g.) with stirring, and the product which was precipitated was collected, washed, and 
dried (yield, 82%); m. p. 66—71°. It was recrystallised to constant m. p. from 50% aqueous alcohol to 
give colourless needles, m. p. 74° (Found: C, 68-7; H, 5-4; N, 7-0; Cl, 18-7. C,,H,)NCI requires 
C, 69-0; H, 5-3; N, 7-3; Cl, 18-5%). It formed a picrate, which crystallised from 2-ethoxyethanol in 
golden-yellow plates, m. p. 188—189° (Found: , 13-1; Cl, 8-5. C,,HyNC1,C,H,O,N, requires 
N, 13-3; Cl, 8-4%). 

When the chloro-compound (1 g.), dissolved in a solution of sodium hydroxide (3 g.) in water (20 c.c.) 
at 90° by the addition of sufficient alcohol (14 c.c.), was catalytically dehalogenated by the gradual 
addition of finely powdered Raney alloy (3 g.) during $ hour and maintenance at 90° for 1 hour, the 
mixture divided itself into an upper alcoholic layer and a lower aqueous layer containing insoluble Raney 
nickel and an alkaline solution of sodium aluminate. The former layer was acidified with hydrochloric 
acid and evaporated to dryness. The hydrochloride was dissolved in water, basified, and extracted with 
ether. The ethereal extract was dried (Na,SO,) and the ether evaporated to leave a reddish-brown oil. 
This oil gave a picrate, which crystallised from 2-ethoxyethanol in yellow needles, m. p. 217—218° 
undepressed on admixture with an authentic specimen of 2 : 5-dimethylquinoline picrate, and a trinitro- 
m-cresol complex, which crystallised from 2-ethoxyethanol in yellow plates, m. p. 198—199° (Manske, 
Marion, and ger, loc. cit., give m. p. 201°) (Found: C, 53-7; H, 4-0. Calc. for C,,H,,N,C,H,0,N,: 
C, 54-0; H, 40%). 

4-Chloro-7-methylquinaldine.—4-Hydroxy-7-methylquinaldine (2 g.) was similarly heated under 
reflux with phosphoryl chloride (6 c.c.) for 25 minutes (yield, 59%). The product was purified by 
recrystallisation from aqueous alcohol, followed by sublimation to give colourless needles, m. p. 56—57° 
(Found: C, 68-6; H, 5:3; N, 7-0; Cl, 18-5. C,,H, NCI requires C, 69-0; H, 5-3; N, 7-3; Cl, 18-5%). 
It formed a picrate, which crystallised from 2-ethoxyethanol in minute lemon-yellow needles, 
m. p. 209—210° (Found: N, 13-0; Cl, 8-8. C,,H, NCI,C,H,0,N, requires N, 13-3; Cl, 8-4%). 

When the chloro-compound (0-85 g.) was catalytically dehalogenated as above with Raney alloy 
(3 g.), a light brown oil, which solidified on cooling, was obtained. Recrystallisation of this solid from 
ligroin gave colourless needles, m. p. 57° (2 : 7-dimethylquinoline, m. p. 61°). It gave a picrate, which 
crystallised from 2-ethoxyethanol in golden-yellowneedles, m. p. 197° (Manske, Marion, and Ledger, /oc. cit., 

ive 2: 7-dimethylquinoline picrate, m. p. 196°), and a trinitro-m-cresol complex, which crystallised 
tom 2-ethoxyethanol in golden-yellow needles, m. p. 250° (decomp.) (Found: C, 53-8; H, 3-8. Calc. 
for C,,H,,N,C,H,0,N,: C, 54:0; H, 4-0%), undepressed on admixture with an authentic specimen of 
2 : 7-dimethylquinoline trinitro-m-cresol complex, m. p. 250° (decomp.). 
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560. Molecular Polarisation and Molecular Interaction. Part II. The 
Apparent Dipole Moments of p-Chloro-, 2:4: 6-Tribromo-, and 
2:4: 6-Tribromodimethyl-aniline, n- and tert.-Butylamine in Benzene 
and Dioxan. The Mesomeric Effect in Substituted Anilines. 

By A. V. Few and J. W. Situ. 


From measurements of the dielectric constants, refractive indices, and specific volumes of 
dilute solutions, the apparent molecular polarisations at infinite dilution (P,,.), and molecular 
refractions ([Rp]) of these amines in benzene and dioxan at 25° have been determined. For 

-chloro- and 2: 4: 6-tribromo-aniline the values of P,,,are much greater in dioxan than in 
toner whilst with the other compounds named in the title the differences are very small. 
These results support the view that the higher values observed with certain amines in dioxan 
are attributable to interaction between the amino-hydrogen atoms and the oxygen atoms of 
the dioxan molecule. If the total distortion polarisations are assumed to be 1-05[Rp], the 
apparent dipole moments in benzene and dioxan, vo vem are: p-chloro- 2-994 and 3-372, 
2:4: 6-tribromo- 1-693 and 1-972, and 2: 4: 6-tribromodimethyl-aniline 1-048 and 1-029; 
n- 1-322 and 1-305, and ¢ert.-butylamine 1-322 and 1-322 p. 

The value of the moment for 2: 4: 6-tribromodimethylaniline in benzene indicates that 
the mesomeric effect of the amino-group is strongly repressed by steric influences, whereas no 
such influences appear to operate with 2 : 4 : 6-tribromoaniline. 


In Part I (this vol., p. 753) it was confirmed that the apparent molecular polarisation of 
aniline is much higher in dioxan than in benzene solution, and it was found that the difference 
between the values, in the two solvents, was smaller for methylaniline and quite small for 
dimethylaniline. These results support the view that the high values observed for aniline and 
methylaniline in dioxan are due to molecular interaction involving the formation of hydrogen 
bonds between the amino-hydrogen atoms and one of the oxygen atoms of the dioxan molecule. 

With the aim of confirming the validity of these conclusions, derivatives of aniline and 
dimethylaniline were studied, so as to ascertain whether the effect was always associated with 
the presence of an amino-hydrogen atom. It was also of interest to ascertain whether the 
effect is common to all primary amines or occurs only when the amino-group is linked directly 
to an aromatic nucleus. In the latter case the mesomeric effect of the amino-group would be 
expected to facilitate the bonding of the amino-hydrogen atoms to oxygen atoms of the dioxan 
molecule. This could be tested by measurements on primary alkylamines. Studies have 
therefore been made of the molecular polarisations of p-chloro-, 2 : 4 : 6-tribromo-, 2 : 4 : 6-tri- 
bromodimethyl-aniline and n- and ¢ert.-butylamine in benzene and dioxan. The measurements 
on the two tribromo-compounds were of particular interest in view of the possible steric- 
hindrance effects similar to those reported for aminodurene, mesidine, and dimethylmesidine 
(Birtles and Hampson, /J., 1937, 10; Ingham and Hampson, /J., 1939, 981). 

The two butylamines were chosen as the simplest alkylamines of sufficiently low volatility 
to permit easy and accurate manipulation, and as representing compounds with the amino- 
group linked to a primary and tertiary carbon atom, respectively. 


EXPERIMENTAL. 


Materials.—Benzene and dioxan were purified as described in Part I. 

p-Chloroaniline (commerical “‘ pure ’’ grade) was freed from products due to superficial oxidation by 
being washed with cold ethyl alcohol, and was then recrystallised from aldehyde-free methyl alcohol 
until of constant m. p. It was dried in an atmosphere of nitrogen and stored under that gas in a tightly 
stoppered bottle; it had m. p. 69-9°. 

2:4: 6-Tribromoaniline, prepared by the direct bromination of commercially pure aniline, was 
tecrystallised from ethyl alcohol until of constant m. p. (121-7°) and stored under nitrogen. 

2:4: 6-Tribromodimethylaniline was prepared by the method of Clarke, Gillespie, and Weisshaus 
(J. Amer. Chem. Soc., 1933, 55, 4571). 2:4: 6-Tribromoaniline (0-5 mol.) was heated under reflux 

uring 3 hours witha mixture of 98% formic acid (15 mols.) and 40% aqueous formaldehyde (1-3 mols.). 

After addition of hydrochloric acid (0-5 mol.) the remaining formic acid and formaldehyde were removed 
by distillation under reduced pressure. The residue was made alkaline with 20% sodium hydroxide 
solution and extracted with ether. The heavy oil recovered from this extract was dried (KOH pellets) 
and distilled under reduced pressure with acetic anhydride. The base was then dried again (KOH 
pellets) and distilled from freshly prepared barium oxide at 0-4 mm. It had b. p. 208°/24 mm., 
110°/0-4 mm., d* 1-9959. 

_ »-Butylamine. A pure commercial sample was distilled at atmospheric pressure, dried (P,O,), and 
distilled from this reagent through a 15-plate column. The middle fraction of boiling range 0-1° was 
collected; b. p. 77-3°, d?® 0-73265. 

tert.-Butylamine. As attempts to prepare this amine from #ert.-butyl alcohol led to small yields 
only, it was made by the method of Campbell, Sommers, and Campbell (Org. Synth., 27, 12). 
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2: 2-Dimethylethyleneimine, produced from 2-amino-2-methylpropanol by the action of sulphuric 
acid, was fractionated, the fraction boiling at 71—72° being collected. It was then dissolved in dioxan 
and hydrogenated at 80 atmospheres during 1} hours, using dioxan-wetted Raney nickel as catalyst 
The tert.-butylamine was fractionally distilled through the column, the fraction, b. p. 43-7—43-8°, being 
collected. This was dried (crushed KOH) and redistilled; b. p. 43-7—43-8°, dj® 0-68670, n2® 1-3750 


TABLE I. 


100w. . 12 Pi2- Py. np. Y12- [Rp]. Au/w,. 
p-Chloroaniline in benzene. 


00000 22725 1-14456 0-34089 — 1-4982 0-33559 —— 
10719 23575 1-14098 0-35545 216-80 1-4991 0°33505 36-39 
16195 2-4018 1-13915 0-36277 215-86 1-4994 0-33473 36-04 
2:3380 2-4595 1-13675 0-37203 213-43 1-4999 0-33429 35-72 
3-8438 2-5822 1-13171 0-39077 209-06 1-5010 0-33342 35-61 
56249 2-7297 1-12576 0-41170 204-11 1-5024 0-33248 35-76 
7-2468 2-8653 1-12036 0-42953 . 199-56 1-5037 0-33159 35-77 
8-2352 2-9498 1-11706 0-44003 197-09 1-5045 0-33103 35-75 
9-6641  3-0724 1-11235 0-45447 193-45 1-5055 0-33023 35-74 
p-Chloroaniline in dioxan. 

00000 22037 0-97282 0-27856 — 1-4201 0-24623 

08256  2-2988 0-97144 0-29350 266-43 11-4214 0-24654 

1-2531  2-3483 0-97072 030100 264-03 1-4222 0-24676 

18378  2-4164 0-96974 0-31101 260-83 1-4230 0-24697 

2-8419 2-5337 0-96808 0-32749 255-22 1:4248 0-24744 

40899 2-6806 0-96599 0-34684 24855  1-4266 0-24784 

53965 2°8356 0-96382 0-36587 241-97 1-4287 0-24830 

6-0602 29145 0-96273 0-37504 238-67 1-4298  0-24860 

68116 3-0046 0-96147 0-38512 235-14 1-4312 0-24896 


—0°334 
—0-334 
—0°334 
—0-3343 
—0-3342 
—0°3339 
—0°3339 
—0-3333 


DW WW WaBa3-1 
nNoNeRK OOOO 
~ 


2:4: 6-Tribromoaniline in benzene. 


00000 2-2725 1-14458 0-34090 _— 1-4982 0-33559 
1-4159 2-2879 1-13447 0-34108 116-65 1-4992 0-33322 
2-3023 2-3005 1-12808 0-34114 115-88 1-4999 0-33175 
3-6825 23178 1-11823 0-34129 115-94 1-5007 0-32926 
43863 2-3267 1-11320 0-34134 115-74 15014 0-32821 
5-0571 2-3352 1-10838 0-34137 115-51 1-5020 0-32712 
73010 2-3644 1-09234 0-34149 115-12 15039 0-32343 
7-7505  2-3702 1-08912 0-34148 114-92 15043 0-32266 


2:4: 6-Tribromoaniline in dioxan. 


0:0000 2-2040 0-97282 0-27861 — 1-4199 0-24612 
15503 2-2326 0-96428 0-28081 138-71 1-4219 0-24500 
20761 2-2426 0-96138 0-28158 138-09 1-4227 0-24468 
26912 2-2544 0-95798 0-28246 139-09 1-4234 0-24415 
3-3374 2-2606 0-95439 0-28332 138-52 1-4243 0-24371 
4:7975  2-2951 0-94635 0-28535 138-24 1-4263 0-24263 
5-2373 62-3037 «= 0-94387 =0-28592 137-87 1-4271 024239 
61353 2-3214 0-93893 0-28711 137-60 1-4283 0-24171 
75378  2-3499 0-93121 0-28898 137-28 1-4301 0-24063 


2:4: 6-Tribromodimethylaniline in benzene. 


0-0000 2-2725 1-14458 0-34090 —_ 1-4982 0-33559 
1-5633  2-2809 1-13452 0-33946 89-05 1-4990 0-33312 
2-1904 2-2843 1-13048 0-33888 89-02 1-4993 0-33210 
3-9309 2-2938 1-11928 0-33726 88-88 1-5003 0-32937 
4-4793 2-2967 1-11577 0-33673 88-70 1-5006 0-32850 
61407 2-3061 1:10508 0-33519 88-73 15015 0-32585 
7:3160  2-3130 1-09750 0-33411 88-81 15022 0-32400 
9-6381 2-3264  1-08254 0-33189 88-56 1-5034 0-32022 
12-2106 2-3420 1-06601 0-32948 88-54 15049 0-31613 


2:4: 6-Tribromodimethylaniline in dioxan. 


0-:0000 2-2039 0-97289 0-27861 —_ 1-4199 0-24613 
1:3467 2-2126 0-96660 0-27823 . 1-4213 0-24525 
20949 2-2178  0-96307 0-27807 , 1-4221 0-24481 
3-1687 22250 0-95797 0-27775 . 1-4234 0-24415 
3-7197 2-2288  0-95547 0-27763 : 1-4239 0-24378 
54216 2-2404 0-94747 0-27715 . 1-4261 0-24279 
6-7183 22495 0-94129 0-27677 . 1-4275 0-24192 
8-2839 2-2609 0-93403 0-27640 ° 1-4293 0-24094 
10-0755 22738  0-92564 0-27589 ° 1-4315 0-23982 
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TABLE I (continued). 
100w,. . Vis Pir P;. Np. Yi. 
n-Butylamine in benzene. 


0-0000 
1-1033 
1-7068 
31706 
43997 
6-4198 
71388 
8-8174 
10-7310 


0-0000 
0-9458 
1-4520 
2-2635 
3-3060 
4-9376 
5-7141 
7-1842 
8-6457 


0-0000 
1-4543 
1-9700 
3-1087 
3-3661 
4-2566 
5-1958 
9-3203 


0-0000 
1-8581 
2:3369 
3-3088 
4-3226 
5-5872 
6-2585 
6-7483 


benzene 


1-14457 
1-14725 
1-14870 
1-15218 
1-15509 
1-15982 
1-16152 
1-16548 
1-16988 


0-97288 
0-97671 
0-97871 
0-98199 
0-98617 
0-99274 
0-99582 
1-00170 
1-00769 


1-14458 
1-14943 
1-15113 
1-15473 
1-15554 
1-15833, 
1-16108 
1-17281 


0-97280 
0-98170 
0-98398 
0-98848 
0-99321 
0-99891 
1-00192 
1-00410 


2:4:6-Tribromoaniline in 


dioxan 


2:4: 6-Tribromodimethyl- 


aniline in benzene 


2:4: 6-Tribromodimethyl- 


aniline in dioxan 


” 


in dioxan 


0-34090 _— 

0-34634 61-02 
0-34934 62-14 
0-35653 60-99 
0-36256 60-94 
0-37242 60-85 
0-37595 60-84 
0-38407 60-75 
0-39346 60-76 


1-4982 
1-4969 
1-4960 
1-4941 
1-4925 
1-4900 
1-4891 
1-4870 
1-4847 


0-33559 
0-33568 
0-33555 
0-33548 
0-33538 
0-33532 
0-33528 
0-33520 
0-33513 


n-Butylamine in dioxan. 


0-27859 — 

0-28375 60-28 
0-28642 59-82 
0-29090 60-15 
0-29648 59-96 
0-30525 59-87 
0-30943 59-85 
0-31718 59-66 
0-32490 59-55 


1-4201 
1-4197 
1-4195 
1-4192 
1-4188 
1-4184 
1-4182 
1-4177 
1-4172 


0-24623 
0-24700 
0-24741 
0-24807 
0-24895 
0-25038 
0-25102 
0-25227 
0-25354 


tert.-Butylamine in benzene. 


0-34090 _ 

0-34795 60-40 
035044 60-35 
0-35568 59-71 
0-35683 59-55 
0-36084 59-20 
0-36487 58-68 
0-38155 56-83 


tert.-Butylamine in dioxan. 


0-27857 
0-28880 
0-29135 
0-29651 
0-30178 
0-30824 
0-31154 
0-31398 


60-64 
60-37 
60-03 
59-65 
59-22 
58-91 
58-75 


Taste II. 


Polarisation data. 


, 
a 


3-84 
3-74 
0-77 
1-37 
0-33 


0-41 

5-0 

0 
—2-5 
—2-4 


—0-3338 
—0-1667 


—0-7156 
—0-5520 
—0-6435 
—0-4688 
0-2408 
0-4022 


0-3393 
0-4836 


P1TTUtt 


[Rp]. 
35-77 
36-43 


55-50 
57-39 
63-30 
65-57 
24-22 
24-10 


24-38 * 
24-38 * 


Pu. 
183-0 
233-57 


58-45 
79-28 
22-40 
21-61 
35-64 
34-70 


35-63 
35-68 


# (D.). 
2-994 
3-372 


1-693 
1-972 
1-048 
1-029 
1-322 
1-305 


1-322" 
1-322 


* Value calculated from ? and d?* for the pure liquid. 


Methods.—The dielectric constants, specific volumes, and refractive indices were determined as in 
the previous investigation, and the same methods were used in the derivation of the apparent molecular 
polarisation at infinite dilution (P,,,) and the apparent dipole moment yp. 

The results are recorded in Table I, whilst the parameters a and B, and the values of P,,, and p 
derived from them are given in Table II. 

_ Owing to the volatility of #ert.-butylamine the refractive indices of its solutions changed appreciably 
with time. In the case of this solute, therefore, the molecular refraction obtained from measurements 
on the pure liquid ;was used in the calculation of Py. 

8K 
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Previous measurements of the dipole moments of these compounds appear to be restricted to studies 
of p-chloro- and 2: 4: 6-tribromo-aniline in benzene solution only. The values of 2-97 p. and 3.00p 
for p-chloroaniline, reported respectively by Tiganik (Z. physikal. Chem., 1931, 14, B, 135) and Fogelberg 
and Williams (Physikal. Z., 1931, 32, 27), are in accord with the results now described, the dielectric 
constant and density values at 25° recorded by the latter authors all lying within 0-001 and 0-0001 unit 
respectively, of the values predicted from the parameters in Table II. The lower figure (2-90 p} 
recorded by Bergmann and Tschudnowsky (Z. physikal. Chem., 1932, 17, B, 301) is deduced from data 
which are less self-consistent than the other determinations. Eide and Hassel (Tidsskr. Kjem. Bey, 
1930, 10, 93) record the value 2-93 b. for p-chloroaniline, and Hassel and Naeshagen (Z. physikal. Chem. 
1931, 12, B, 79) give 1-80. for 2:4: 6-tribromoaniline, but, owing to their concentrations being 
expressed in g.-mols. per l. and their measurement temperature not being stated, their results are 
difficult to compare with those now recorded. 

The results for the butylamines are of the order to be expected from literature values for methyl- 
amine and ethylamine. 


DISCUSSION. 


It is generally accepted that for measurements in benzene solution the higher dipole 
moment of aniline as compared with primary alkylamines is due to the mesomeric 
(+M) effect of the amino-group, leading to resonance involving structures such as 


~ — + 
4 S=NH,. Such structures produce a partial double-bond character in the C-N 


linkage and thereby cause the molecule to assume an approximately coplanar configuration, 
Exact analysis of the problem is difficult owing to the fact that the axis of the resultant 
molecule does not coincide with the axis of the N-C linkage, and attempts to calculate the 
angle of inclination are subject to considerable assumptions, but it may be inferred that similar 
effects are responsible for the higher moments of methyl- and dimethyl-aniline compared with 
secondary and tertiary alkylamines. Whereas for the aliphatic amines replacement of the 
amino-hydrogen atoms leads to a decrease in the moment, it leads to an increase for aniline, 
This may be ascribed to the inductive (+) effect of the methyl groups, which in the aromatic 
compounds increases the + M effect of the amino-group (cf. Lucas, J. Amer. Chem. Soc., 1923, 
46, 2475; 1925, 47, 1459). Although the moment of dimethylaniline is not so great as that of 
methylaniline the increase from trimethylamine to dimethylaniline is greater than that from 
dimethylamine to methylaniline (Table III). 


TaBLeE III. 
Dipole moments of amines in benzene solution. 


Dimethylaniline 
p-Chloroaniline , p-Chlorodimethylaniline 
2:4: 6-Tribromoaniline : 2:4: 6-Tribromodimethylaniline 
p-Toluidine ° Dimethyl-p-toluidine 
Mesidine , Dimethylmesidine 
Methylamine , Trimethylamine 
n-Butylamine Dimethylamine 


* Part I. + Marsden and Sutton (loc. cit.). t Present work. 
§ Donle and Gehrckens (Z. physikal. Chem., 1932, 18, B, 316). || Ingham and Hampson (loc. cit.), 
{] Le Févre and Russell (Trans. Faraday Soc., 1947, 48, 374). 


As the dipole of the aniline molecule is inclined to the axis of the N-C linkage, the 
moment of p-chloroaniline (2°99 D.) is in accord with the view that the presence of the chlorine 
atom increases the contribution of the double-bonded resonance structures. Thus Marsden 
and Sutton (J., 1936, 599) deduce, from the moments of chlorobenzene and aniline, that if the 
mesomeric effect were not modified the moment of p-chloroaniline would be 2°87 p. Owing to 
the inclination of the dipole axis to the axis of the N-C linkage, the increase in the mesomeric 
moment will be rather greater than 0°12, the difference between the observed and calculated 
values. This can be attributed either to the diminished mesomeric effect of the chlorine atom 
or to the inductive (—J) effect of this atom. 

The data of Marsden and Sutton for the moment of p-chloro- and p-bromo-dimethylaniline 
in benzene show that this effect is increased in these compounds, where vector additivity would 
indicate that the moments should be 2°97 and 2°93 p., respectively. 

For p-toluidine the effects of the two substituents act in opposition. The methyl group has 
a permanent electron-release effect, caused by hyperconjugation, which will tend to inhibit the 
resonance structures in which there is a N-C double bond, whilst the mesomeric effect of the 
amino-group will tend in turn to inhibit the hyperconjugation. The moments attributable to 
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the amino- and methyl groups will, therefore, each be diminished. As they operate in opposite 
senses, although at an angle to one another, the resultant moment of molecule will not be very 
different from the value which would be expected if the electron-donation effects were both 
unhindered. The fact that there is a diminished resonance effect in p-toluidine is indicated 
by the extra resonance energies deduced from the dissociation constants of these amines as 
compared with methylamine (cf. Pauling, ‘‘The Nature of the Chemical Bond,” Cornell 
University Press, 1940, p. 206), the value for p-toluidine being appreciably lower than for 
aniline. The values shown in Table IV are derived from pK, data on the assumption that at 


TaBLe IV. 
“ Extra’”’ resonance energies of amines deduced from dissociation constant data. 


Extra resonance energy 
, (kcals. per g.-mol.). 
. 3-83 8-3 
Methylaniline ... ese , 715 ° 
Dimethylaniline .. 7 ° 1-21 
p-Toluidine ne : 1-26 
hloroaniline .. Sa . 1-17 
ethylamine ooy 5-01 
Dimethylamine oat 7-41 
Trimethylamine 7-40 
* Hall and Sprinkle (J. Amer. Chem. Soc., 1932, §4, 3469). 


+ James and Knox (private communication). 
t Glasstone (‘‘ Textbook of Physical Chemistry,’’ 1946, p. 981). 


SASS 
m™ Go bo bo 


11] 


25° K, = 1:008 x 104. The extra resonance energies are calculated by comparison of the 
K, values of the primary amines with that of methylamine, and of the figures for methyl- and 
dimethyl-aniline with those for di- and tri-methylamine, respectively. 

For the tri-substituted compounds it is significant that the dipole moment of 2: 4: 6-tri- 
bromoaniline is appreciably greater than that of aniline itself. This is surprising because, for 
mesidine, Ingham and Hampson (loc. cit.) found the value 1°40 pD., intermediate between the 
moments of aniline and a primary alkylamine. This decrease in moment compared with that 
of aniline could be attributed either to an induction effect or to the steric effect of the ortho- 
alkyl groups in hindering the formation of resonance structures involving N—-C double bonds in 
which the amino-hydrogen atoms become coplanar with the benzene ring. The moments 
which had been observed for durene derivatives (Birtles and Hampson, Joc. cit.) led Ingham and 
Hampson to prefer the latter view. The value for mesidine was almost identical with that of 
aminodurene (1°39 D.), suggesting that the same factors were operating in each case to decrease 
the value relative to that for aniline. The moment of bromodurene (1°55 D.), however, differed 
little from that of bromobenzene (1°52 D.); steric factors would be ineffective in this case, 
whereas induction could occur as well in bromodurene as in aminodurene and would be expected 
to diminish the mesomeric effect of the bromine atom and increase the moment towards the 
value for an alkyl bromide (2°15 D.). 

The result now obtained, however, indicates that such a steric effect can operate only 
slightly, if at all, for 2 : 4 : 6-tribromoaniline. On the contrary, the —I effects of the bromine 
atoms seem to favour the double bonded structure, leading to a moment higher than that for 
aniline. 

To explain the diminished moments of mesidine and aminodurene compared with aniline, 
it is therefore necessary to assume either that the effect is due to the opposing electron-donating 
tendencies of the groups, which diminish the mesomeric effect of the amino-group, and that 
the small increase in moment on passing from bromobenzene to bromodurene is also due to 
such an interaction, or that the methyl groups produce a more pronounced steric effect than do 
the bromine atoms. Such a difference between the effects of the bromine atoms and methyl 
groups could be explained as due either to the mutual repulsion of the hydrogen atoms or to 
the formation of hydrogen bonds between the methyl groups and the nitrogen atoms, as 
suggested by Watson (Amn. Reports, 1939, 36, 219). 

The moment for 2 : 4 : 6-tribromodimethylaniline, however, is much lower than that for 
dimethylaniline itself, and is approximately equal to the value for dimethylmesidine. This 
supports the view of Birtles and Hampson that in dimethylamino-compounds mesomerism is 
inhibited through the presence of ortho-substituents. 

Comparison of the dipole-moment changes on passing from benzene to dioxan solution for 


. 
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TABLE V. 
Comparison of polarisation data for amines in benzene and dioxan solutions. 
Ten Prw: p (D.). , (D.). AP,. Ap. 
Benzene. Dioxan. Benzene. jioxan. 

95-11 1-505 1-750 16-76 245 
Methylaniline , 106-72 1-643 1-833 13-52 0-190 
Dimethylaniline . 97-79 1-577 1-633 3-73 0-056 
p-Chloroaniline . 271-82 2-994 3-372 51-22 0-378 
2:4: 6-Tribromoaniline . 139-54 1-693 1-972 22-82 0-279 

2: 4: 6-Tribromodimethylaniline ... , 90-56 1-048 1-029 1-66 es 

n-Butylamine ° 60-14 1-322 1-305 — ae 

tert.-Butylamine . 61-28 1-322 1-322 — = 


the amines so far investigated (Table V) shows that the increase for 2 : 4 : 6-tribromoaniline js 
slightly greater, and for p-chloroaniline is much greater, than for aniline. This suggests that 
the effect giving rise to the enhanced polarisation in dioxan is favoured by substituents which 
increase the contribution of polar resonance structures. The present data do not permit 
separate determination of the degree of association and of the moments of the association 
complexes in the three cases. The general effect, however, can be explained by supposing that 
the increase from aniline to p-chloroaniline is associated principally with the —I effect of the 
halogen atom, which will not only favour the association phenomenon but also lead to an added 
increase in the moment of the molecule when the association occurs. The effect in the case of 
2:4: 6-tribromoaniline may reasonably be less, owing to the facts that the axes of the carbon- 
halogen dipoles are symmetrically arranged, and that any modifications in these will be less 
apparent in the overall moment of the molecule. 

The pronounced difference in behaviour between aniline and the butylamines, for which 
the moments in benzene and dioxan are nearly equal, may be associated with the more basic 
character of the alkylamines and to the fact that there is no possibility of resonance structures 
which would facilitate the bonding of the hydrogen atoms. It cannot be inferred conclusively 
from these results that no hydrogen bonding occurs between the butylamines and dioxan, but 
this appears improbable, as even in the absence of mesomeric effects it would be expected to 
lead to a charge displacement which would be detectable as a change in the apparent dipole 
moment such as was observed, for instance, in chloroform solutions of triethylamine and of 
diisopropyl ether (Hammick, Norris, and Sutton, J., 1938, 1755). 

There is also a distinct difference between the molecular refractions of some of the amines 
in the two solvents. This was observed previously with aniline and methylaniline, but it 
becomes even more distinct with 2 : 4 : 6-tribromoaniline and 2 : 4 : 6-tribromodimethylaniline, 
This was previously attributed to the hydrogen bonding, as had been assumed by Curran 
(J. Amer. Chem. Soc., 1945, 67, 1835) for the cases of salicylaldehyde and o-hydroxy- 
acetophenone. In view of the large difference for 2 : 4 : 6-tribromodimethylaniline, however, 
the effect does not now seem to be due solely to this cause, and no explanation can as yet be 
offered. 
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561. The Migration of Acyl Growps in 0-Aminophenols. Part III. 
By G. pE W. ANDERSON and F. BELL. 


In confirmation and extension of the views advanced earlier, acyl migrations are not 
encountered in triacylated o-aminophenols or in acylated N-alkyl-o-aminophenols. The use of 
optically active acyl groups is described. These proved fruitless because the rotations of the 
products were low. 


Tue theory advanced in Part II (J., 1931, 2962) that the migration of acyl groups in o-amino- 
phenols involves intermediates of types (I), (II), and (III) left undefined the function (if any) 
of the hydrogen atom on the nitrogen. In the present investigation it has been ascertained that 
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the hydrogen atom plays an essential part. First, the mixed triacyl compounds (IV)—(VII) 


were prepared and it was found that no interchange of the acyl groups took place on heating 
\ JOCoR O-CO-R 
H 9? u 
r= Pe Zr sny-C-R 
Oats = OSs! = 
\ \ 
O 


(I.) (II.) 


( )NH-CO-R 7 )NH-CO-R’ 
Wa 


these compounds (contrast the now well-authenticated thermal interchange in isomeric 
diacylated o-aminophenols; Le Rosen and Smith, J. Amer. Chem. Soc., 1948, 70, 2705). On 


Ac. (VI.) R= R’ = Ac; R” = Bz. 


| Jor” (V.) R= R” = Bz: R’ = Ac. (VIL) R= R” = Ac; R’ = Bz. 


7 yor" (IV. R= R’ = Bz; R” 
\ 


hydrolysis each of these compounds gave o-benzamidophenol. Secondly, it has been shown 
that migrations will not occur in mixed diacyl derivatives of o-alkylaminophenols such as (VIII). 
It appears, therefore, that the attainment of phase (II) probably depends on the simultaneous 
elimination of a hydrogen ion. 

The conversion of a diacylated o-aminophenol into a monoacyl derivative is, on the present 
—— view, comparable with the hydrolysis of a diacylated aniline. The literature 
O 


0-CO-C,.H on this point is scanty, but the results of Wheeler and his co-workers (Amer. 

rot Chem, J., 1896, 18, 381, 540, 695; 1903, 30, 24) on the hydrolysis of diacylated 

(VIII.) anilines strictly parallel those of Raiford (J. Amer. Chem. Soc., 1924, 46, 

2305; 1925, 47, 1111) and Pollard and Forsee (J. Amer. Pharm. Assoc., 1935, 24, 363) on related 
diacyl-o-aminophenols. 

The ring intermediate (I) is five-membered. In acylated 8-amino-l-naphthol (Raiford and 
Clarke, J. Amer. Chem. Soc., 1926, 48, 483) it would be six-membered. It appeared of interest 
to examine acylated 2-amino-2’-hydroxydiphenyls, for here the postulated intermediate would 
involve a seven-membered ring. Unfortunately we failed to obtain the required aminophenol. 

Useful information concerning the interchange of isomeric diacylated o-aminophenols might 
be obtained by employing an optically active acyl group, if the rotation differed markedly 

_ according to whether it was attached to nitrogen or oxygen. Accordingly use was made of 
(—)-l-ethyl-n-hexoyl chloride to obtain a number of mixed diacylated o-aminophenols. 
Unfortunately these derivatives had such small rotatory powers that they were useless for this 
purpose. 

EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford.) 

O-Benzoyl-NN-diacetyl-o-aminophenol.—o-Benzamidophenyl benzoate (4 g.) was heated under reflux 
with acetic anhydride (30 c.c.) and concentrated sulphuric acid (2 drops) during 3 hours. The resultant 
solution was poured into water giving a light-brown oil which solidified when nearly neutralised with 
sodium carbonate solution, cooled and scratched. After crystallisation from ethanol (charcoal) it 
formed colourless crystals, m. p. 106—107° (2-2 g.) (Found: N, 4-8. C,,H,,;0,N requires N, 4-7%). 

The orientation of this triacyl compound was established by comparison with its isomer. Hydrolysis 
by sodium hydroxide solution afforded o-benzamidophenol. The thermal stability of the triacyl com- , 
pound was established by heating it at 150° for 1 hour; it was recovered unchanged. 

NN-Dibenzoyl-O-acetyl-o-aminophenol.—To o-benzamidopheny] acetate (10 g.) in pyridine was added 
benzoyl chloride (7 g.), and the solution was set aside for 90 hours at room temperature. The product 
obtained on pouring the mixture into dilute > ge ge acid and powdered ice was collected, washed, 
dried, and crystallised from toluene (charcoal). It formed rhombic prisms, m. p. 141—142° (6-1 g.) 
(Found: N, 4-0. C,,H,,O,N requires N, 3-9%). When mixed with o-benzamidophenyl acetate 
(133—134°) it melted at 121—126°. 

The alkaline hydrolysis of this triacyl] compound gave o-benzamidophenol. Its thermal stability 
was established by heating it at 200° for 2 hours; it was recovered unchanged. 

ON-Dibenzoyl-N-acetyl-o-aminophenol.—o-Acetamidophenyl benzoate (5 g.) was dissolved in 
pyridine, benzoyl chloride (3-3 g.) added, and the mixture set aside for 90 hours at room temperature in a 
oo gers flask. The yellow gum obtained by stirring the product into dilute hydrochloric acid was 
dried. Crystallised from ethanol (charcoal) this triacyl derivative formed wedge-shaped plates, m. p. 
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81-5—82-5° (3-1 g.) (Found: N, 4-0. C,,H,,0,N requires N, 4-7%). Alkaline hydrolysis of the com. 
pound gave o-benzamidophenol. It was recovered unchanged when heated at 150—160° for 1 hour. 

N-Benzoyl-ON-diacetyl-o-aminophenol.—o-Acetamidopheny]l acetate (7 g.) was dissolved in pyridine 
benzoyl chloride (7 g.) added, and the mixture set aside for 4 weeks at room temperature in a stoppered 
flask. The oil obtained by stirring the mixture into dilute hydrochloric acid was dissolved in ether, and 
the ethereal solution washed with, successively, sodium carbonate solution, dilute hydrochloric acid, and 
water. After drying (Na,SO,), the ether was removed. The residual light-brown oil solidified when 
kept for 4 months. It was then ground with ethanol (10 c.c.) and collected, giving 4-8 g. of white crystals, 
m. p. ca. 70°. Crystallised from carbon tetrachloride this compound forms stout prisms, m. p. 80—8]° 
(Found: N, 4-8. C,,;H,,0,N requires N, 4:7%). Alkaline hydrolysis gave o-benzamidophenol. 
Thermal ow was established by heating the compound at 130—140° for 1 hour; it was recovered 
unchanged. 

o-Alkylaminophenols.—The only method described in the literature for the preparation of o-alkyl- 
aminophenols is that of Ransom (Amer. Chem. J., 1900, 28, 1), a most tedious process affording small 
yields and + only onasmallscale. The following syntheses of o-methyl- and o-ethyl-aminophenol 
were adopted. — 

o-Methylaminophenol. 20 G. of benz-1 : 3-oxazol-2-one (Sandmeyer, Ber., 1886, 19, 2655) were 
dissolved in 200 c.c. of sodium hydroxide solution and shaken with 42 c.c. of methyl sulphate (nearly 3 
_ times the theoretical quantity), added in several lots. When a sufficient excess had been added the 3- 
methylbenz-1 : 3-oxazol-2-one coagulated suddenly, giving a useful indication of completion. 

The white solid product was then heated under reflux with 80 c.c. of 20% sodium hydroxide solution 
for 1 hour. The brown oil formed quickly dissolved and a faint odour of methylamine was perceived. 
The solution was cooled with powdered ice, and excess of concentrated hydrochloric acid added (a white 
precipitate which first formed redissolved). The solution was made alkaline with sodium carbonate 
solution, and the o-methylaminophenol immediately collected and dried at room temperature in vacuo, 
giving 12-2 g. of light-brown plates which became bluish-black at 80—85°, melting at 92—95° (62% 
overall yield). Without further purification it gave the N-benzoyl derivative, m. p. 160—161°, an 
N-acetyl derivative, m. p. 152—153°. 

o-Ethylaminophenol. A well-stirred solution of benz-1 : 3-oxazol-2-one (10 g.) in 10% sodium hydrox- 
ide solution (100 c.c.) was heated with ethyl sulphate (30 c.c.), ina boiling water-bath during 3 hours. The 
3-ethylbenz-1 : 3-oxazol-2-one was extracted from the cooled product with ether, and the solvent re- 
moved, to givea brownoil. Tothis was added sodium hydroxide (30 g.) in water (60 c.c.) and the mixture 
heated under reflux for 1 hour; after addition of a further 20 c.c. of water, boiling was continued for a 
further 5 hours. The solution was cooled, extracted with ether (which was discarded), treated with 
powdered ice, and made acid with concentrated hydrochloricacid. After filtration, the solution was made 
alkaline with sodium carbonate solution, and the brown plates separating were immediately filtered off, 
washed with water, and dried in vacuo at room temperature. Yield, 6-35 g. (63% theory). A small 
quantity could be crystallised rapidly from benzene without too much decomposition : the dark mother- 
liquors were washed away with light petroleum, to yield o-ethylaminophenol as flat white needles with a 
pleasant citrous, phenolicodour. It became greenish black at 103°, melting slowly up to112°. Thecrude 
material above was used for preparation of derivatives. 

N-Benzoyl-O-acetyl-o-methylaminophenol.—This compound was obtained by the action of acetic 
anhydride on a pyridine solution of o-benzomethylamidophenol. It crystallised from light petroleum 
(b. p. 40—60°) in beautiful, long, thick needles, m. p. 55—57° (Found: C, 71:1; H, 5:7. C,,H,,0; 
requires C, 71-4; H, 56%). Alkaline hydrolysis of this diacyl compound afforded o-benzomethyl- 
amidophenol. Its thermal stability was demonstrated by heating it at 80—100° for 2 hours; it was 
recovered unchanged. 

O-Benzoyl-N-acetyl-o-methylaminophenol, prepared by benzoylation of o-acetomethylamidophenol in 
sodium hydroxide solution (Schotten-Baumann), crystallised from light petroleum (b. p. 60—80°) in 
needles, m. p. 95-5—96° (Found: C, 71-8; H, 5-7. C,,H,,0,;N requires C, 71-4; H, 56%). Alkaline 
hydrolysis afforded o-acetomethylamidophenol. Its thermal stability was demonstrated by heating it 
at 130—140° for 2 hours: it was recovered unchanged. 

o-1-Naphthomethylamidophenol, prepared by the interaction of 1-naphthoyl chloride and o-methyl- 
aminophenol in pyridine, crystallised from methanol in minute crystals, m. p. 183—-184° (Found: N, 
5-1. C,,gH,,0,N requires N, 5-1%). . 

ON-Di-1-naphthoyl-o-methylaminophenol, obtained from l-naphthoyl chloride and o-1-naphtho- 
methylamidophenol in pyridine, crystallised from methanol in small crystals, m. p. 119—120° (Found : 
C, 80-7; H, 4:9. Cy gH,,0O,N requires C, 80-7; H, 4-9%). It is hydrolysed normally, giving the N- 
monoacyl compound from which it was obtained. 

N-Benzoyl-O-1-naphthoyl-o-methylaminophenol, obtained by the action of 1-naphthoyl chloride on a 
pyridine solution of o-benzomethylamidophenol and crystallised from ethanol, had m. p. 103° (Found: 
C, 78-4; H, 5-1. ©,;H,,O,N requires C, 78-5; H, 5-0%). Alkaline hydrolysis of this compound gave 
o-benzomethylamidophenol., Its thermal stability was shown by heating it at 130—140° for 1 hour; 
it was recovered unchanged. 

O-1-Naphthoyl-N-acetyl-o-methylaminophenol, obtained similarly from 1l-naphthoyl chloride and 
o-acetomet oe eae in ee crystallised from a little benzene in minute crystals, m. p. 
118—119° (Found: C, 75-4; H, 5-5. C,.H,,0O,N requires C, 75-0; H, 5:3%). Alkaline hydrolysis 
gave o-acetomethylamidophenol and 1-naphthoic acid. Its stability was demonstrated by heating it 
at 130—140° for 1 hour; it was recovered unchanged. 

N-1-Naphthoyl-O-acetyl-o-methylaminophenol, prepared from o0-l-naphthomethylamidophenol in 

yridine, in a boiling water-bath (} hour), crystallised slowly from ethanol in minute crystals, m. p. 99° 
lined with ae a OOO te ee rpg gore (118—119°) it melted at 88—92°) (Found : 
C, 75-6; H, 5-5. Cy H,,O,N requires C, 75-6; H, 5-3%). Alkaline hydrolysis gave o-l-naphtho- 
methylamidophenol. Heated at 120—130° for 1 hour, it was recovered unchanged. 
0-Acetoethylamidophenol was prepared by the action of acetic anhydride upon o-ethylaminophenol. 
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It crystallised from 20% acetic acid in minute crystals, m. p. 131° (Found : C, 66-6; H, 7-1. C,,H,,;0,N 
requires C, 66-8; H, 7:2%). 

o-Benzoethylamidophenol.—o-Ethylaminophenol, in sodium hydroxide solution, was shaken with 
benzoyl chloride (2 mols.), and the gummy brown liquid separating was heated under reflux with excess 
of sodium hydroxide solution until it had dissolved. The o-benzoethylamidophenol was precipitated with 
acid, collected, washed with sodium carbonate solution and then with water, and dried. It crystallised 
from dilute o2%). in light-brown plates, m. p. 164° (Found: C, 75-0; H, 6-4. C,,H,,O,N ‘requires 
Cc, 74-7; H, 6- ‘O/* 

N-Benzoyl-O-1-naphthoyl-o-ethylaminophenol, obtained by the action of l-naphthoyl chloride on a 

idine solution of o-benzoethylamidophenol, crystallised from ethanol in small, stout prisms, m. p. 
154° (Found: C, 78-9; H, 5-6. C,gH,,O,N requires C, 79-1; H, 54%). Alkaline hydrolysis gave 
o-benzoethylamidophenol and l-naphthoic acid. It was thermally stable. 

o-1-Naphthoethylamidophenol, prepared from the amine and l-naphthoyl chloride in pyridine, 
crystallised from ethanol in stout prisms, m. p. 237—238° (Found: C, 78-6; H, 6-0. C,,H,,O,N 
requires C, 78-4; H, 5-9%). An attempt to-benzoylate this compound in pyridine solution failed, 
whilst under Schotten—Baumann conditions a light-yellow oil resulted which did not crystallise. 

L(—)-1-Ethyl-n-hexoyl Chloride——This was prepared by the action of thionyl chloride on 1({—)-1l- 
ethyl-n-hexoic acid, b. p. 113—114°/8 mm., [a]?%,, —9-9° (Kenyon and Platt, J., 1939, 633) in 99% 
yield. ty part caer oily liquid with an odour reminiscent of rhubarb, b. p. 75°/21 mm., 
a 0-952, [al§fe1 —3-47°. 

L(—)-0-1-Ethyl-n-hexoamidophenol, prepared by the action of the above acid chloride on a pyridine 
solution of o-aminophenol, crystallised from carbon tetrachloride in prismatic needles, m. p. 89—89-5°, 
[a}204, —5-6° (c, 1-25 in ethanol) (Found: N, 5-8. C,,H,,0O,N requires N, 6-0%). 

L(+)-N-Benzoyl-O-1-ethyl-n-hexoyl-o-aminophenol, prepared by the interaction of L(—)-l-ethyl-n- 
hexoyl chloride with o-benzamidophenol in pyridine, crystallised from light petroleum (b. p. 60—80° 
in long cream-coloured needles, m. p. 71-5—72° [a]?®,, +3-07° (c, 7-5 in carbon tetrachloride) (Found : 
N, 4:1. C,,;H,,0,N requires N, 4-1%). The alkaline hydrolysis gave t(—)-1-ethyl-n-hexoamidophenol 
and benzoic acid. Its thermal stability was shown by heating it at 130—140° for 2 hours; it was 
recovered unchanged. 

L(+)-O-Benzoyl-N-1-ethyl-n-hexoyl-o-aminophenol, prepared from 1(—)-l-ethyl-n-hexoamidophenol 
and benzoyl chloride in pyridine, crystallised from light petroleum (b. p. 60—80°) in long needles, m. p. 
109°, [a]%.; +9-2° (c, 5; carbon tetrachloride) (Found: N, 4:2. C,,H,,0,;N requires N, 4-1%). The 
alkaline hydrolysis gave L(—)-o-l-ethyl-n-hexoamidophenol and benzoic acid. It was thermally stable. 

L(+)-O-1-Naphthoyl-N-1’-ethyl-n-hexoyl-o-aminophenol, similarly obtained and crystallised, formed 
long needles, m. p. 101—102°, [a]?®,, +6-67° (c, 1-5; carbon tetrachloride) (Found: N, 3-7. C,,H,,0,N 
requires N, 3-65), Alkaline hydrolysis gave L(—)-o-l-ethyl-m-hexoamidophenol and 1l-naphthoic acid. 
It was thermally stable. 

L(+)-N-1-naphthoyl-O-1’-ethyl-n-hexoyl-o-aminophenol, obtained from ethyl-n-butylacetyl chloride and 
o-l-naphthoamidophenol in pyridine, crystallised from light petroleum (b. p. 60—80°) in long needles, 
m. p. 98—99°, [a]??,, +2-0° (c, 2-5 in carbon tetrachloride) (Found: N, 3-6. C,,H,,O,N requires 
N, 36%). Alkaline hydrolysis gave L(—)-o-l-ethyl-n-hexoylamidophenol. It was thermally stable. 

Diphenyl Derivatives.—Several routes were examined for the preparation of 2-amino-2’-hydroxydi- 
phenyl. (a) 2-Nitro-2’-aminodiphenyl was prepared by the method of Briggs (Thesis, London, 1947) ; 
the yield did not encourage further progress. (b) The mixed Ullmann reaction between 0-iodoanisole 
and o-iodonitrobenzene gave the two symmetrical compounds as the only products isolable in a pure 
condition. (c) o-Iodophenol (Org. Synth., Coll. Vol. 1, 326), benzoylated in pyridine, gave o-iodophenyl] 
benzoate, b. p. 213—214/20 mm., m. p. 31—33°. The mixed Ullmann reaction between this and 
o-iodonitrobenzene gave 2 : 2’-dinitrodipheny] as the only identified product. 

2-A mino-2’-hydroxy-1 : 1’-dinaphthylmethane.—With material prepared according to Corley and 
Blount (J. Amer. Chem. Soc., 1947, 69, 755) some difficulty was experienced in obtaining acyl derivatives. 
It was concluded that the isomerisation of the Mannich base was incomplete. The product was therefore 
heated to 150° durjng 4 hour to complete the rearrangement, whereafter no difficulty was experienced in 
introducing acyl groups. 

2-Acetamido-2’-benzoyloxy-1 : 1’-dinaphthylmethane, prepared by the action of benzoyl chloride upon 
a pyridine solution of 2-acetamido-2’-hydroxy-1 : 1’-dinaphthylmethane, and crystallised from toluene, 
had m. p. 181—182-5° (Found: N, 3-0. C,,H,;0,N requires N, 3-1%). Hydrolysis by alcoholic 
potassium hydroxide gave the original N-monoacy] derivative. The diacyl compound was thermally 
stable, being recovered unchanged after being heated at 200° for 2.hours. 

2-Benzamido-2’-hydroxy-1 : 1’-dinaphthylmethane, prepared in pyridine, was crystallised from toluene, 
then from acetone—water, and finally from ethylene glycol, to give a woolly mass of needles, which dark- 
ened and shrank at 220° and finally melted at 235—-236° (Found: N, 3-1. C,,H,,0O,N requires N, 3-4%). 

2-Benzamido-2’-acetoxy-1 : 1’-dinaphthylmethane. The N-benzoyl derivative was boiled with acetic 
anhydride for 15 minutes, whereafter, on cooling and scratching, the diacyl derivative crystallised. After 
3 recrystallisatives from toluene it formed a crystalline powder, m. p. 185 186° (Found: N, 3-3. 
C..H,,0,N requires N, 3-1%). Hydrolysis of this compound with ethanolic potassium hydroxide gave 
the original N-monoacyl derivative. The thermal stability of the diacyl compound was shown by 
heating it at 200° for 2 hours; it was recovered unchanged. 


One of the authors (G. de W. A.) is in receipt of a grant from the Department of Scientific and 
Industrial Research for which he expresses his indebtedness. 
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562. The Dissociation Constants of 8-Hydroxyquinoline. 
By H. Irvine, J. A. D. Ewart, and J. T. WItson. 


New values for the acidic and basic dissociation constants of 8-hydroxyquinoline, obtained 
from solubility and from spectrophotometric measurements, are compared with published 
data. 


In aqueous solution 8-hydroxyquinoline (“ oxine ”’; HOx) is in equilibrium with hydroxonium 
ions (H,O*), with 8-hydroxyquinolinium ions (H,Ox*) and with oxinate ions (Ox~), and 
reliable values for the thermodynamic dissociation constants K, and K, of the acidic species 
H,Ox* and HOx were required in connection with studies of partition equilibria involved in 
the determination of various trace metals with this analytical reagent. By two different 
methods Stone and Friedman (J. Amer. Chem. Soc., 1947, 69, 209) obtained concordant data 
which agreed with earlier measurements by Fox (j., 1910, 1119), but the marked discrepancies 
between their values and those reported by Koithoff (Chem. Weekblad, 1927, 24, 606) and 
Lacroix (Anal. Chim. Acta, 1947, 1, 260) pointed to the need for a redetermination (cf. Table I). 


TABLE I. 


Ref. Ks, Xx 10. , K, X 10%. ey Method. 

1 2-3 , 2 Colorimetric at 18°; no details given. 

2 (b) 3-9 , 0-44 : Salt hydrolysis and partition measurements. 
3 — 0-420 . Solubility of oxine in alkaline buffers at 25°. 
Th — 0-428 . Spectrophotometry at room temperature. 

4 (c) 11 5-23 2-0 . Potentiometric titration at 20°. 


1, Kolthoff. 2, Fox. 3, Stone and Friedman. 4, Lacroix, locc. cit. 

(a) We reserve the symbol K for thermodynamic constants, and K’ for the Bronsted acidity 
constants (Chem. Reviews, 1928, 5, 293) defined by K,’ = {H*+}[HOx] /[H,Ox+] and K,’ = (H*}{Ox"}] 
{HOx]. These are related to each other and to the acid and basic ionisation constants K, and K, 
often quoted in the literature by the equations: K,’ = K,/Ky; K,’ = Kg; K, = Ky’ . fuox/fu,ox-; 
K, = Ky’ . fox /faox 

: (b) Sos and Friedman calculate K, = 3-68 x 107! from the same data. 
(c) Calculated for an ionic strength » = 0-1 from pK, = 5-07 and pK, = 9-84 (q.v.). 


Two methods were employed. 

(a) Spectrophotometric Measurements [with J. T. W1Lson].—Solutions of oxine are yellow in 
both acid and alkaline media, for, though the neutral molecule does not absorb strongly in 
the visual region, the ions H,Oxt and Ox~ have absorption bands in the visual violet; since, 
further, their absorption spectra over the range 2900 to 3100 a. are almost identical, change of 
pH does not produce such marked changes in the absorption spectrum of oxine as is commonly 
the case in acid—base systems. Indeed, the marked similarity between the absorption spectra 
of oxine in buffers of pH 4 and 10 led Stone and Friedman (loc. cit.) to state “‘ thus nearly the 
same species must be present in both solutions ’”’; in fact, about 90% of the acid solution consists 
of H,Ox*t, with 10% HOx and extremely little Ox~, whilst the alkaline buffer contains 60% as 
Ox, 40% as HOx, and practically no H,Ox*. 

At any fixed wave-length, if E; represents the optical density of a solution of oxine in an 
aqueous buffer at the isoelectric point where pH = }(pK,’ + pK,’), and E, is the optical 
density in a sufficiently alkaline solution where pH > pK, so that [Ox~] > [HOx]> [H,Ox*], 
and E, is the corresponding limiting value in a solution where pH < pK,,’, it can be shown that 
the optical density in a solution where pH = pK,’ is given rigorously by 


Enxy = (Ei + Ea + Eyky’/Ky’ + (2E; — Eq — Ey) V (Ky'/Ky’))/[2 + (Ky//Ky’)] - (1) 


with a similar expression for E,x,. Naturally the constant total amount of oxine employed in 
every experiment must be such that the optical density is a linear function of concentration 
for each of the three absorbing species. Since, for oxine, K,’/K,’ is <10+, we may obtain 
approximate values for the acid exponents from the simple equations E,x,, = }(E; + E,) and 
Eyxy = 4(E; + Ep), and more accurate values from equation (1) by successive approximation. 
Optical densities of oxine of concentration 3°45 x 10-5 g.-mol./l. in sixteen buffer solutions 
covering the range pH 2—12 were measured in a 5-cm. silica cell at room temperature 
(20° + 3°) over a wide range of wave-lengths. Values for pK,’ calculated from measurements 
at fourteen wave-lengths differed by less than 0°05 unit from the average pK,’ (5°02). Similar, 
but less concordant, measurements of pK,’ gave the average value 9°75. Now all the buffer 
solutions were made up to have the same ionic strength, 0-1 m. Since fyo, will not differ 
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appreciably from unity, on the assumption that fg,o.+ (or fox-) is equal to the mean activity 
coeficient of a typical univalent ion at the same ionic strength and that the radius of these 
jons is approximately 1°5 a. we obtain log f, = —0°137 whence the thermodynamic dissociation 
constants of H,Ox* and HOx are given by pK, = 4°88 and pK, = 9°89. 

(b) Solubility Measurements [with J. A. D. Ewart].—If S g.-mol./l. is the measured 
solubility of oxine in an aqueous buffer in which the hydrogen ion activity is «q+, then 


S = [HOx] + [H,Ox*] + [Ox-] = [HOx] {1 + og+/K,’ + Ky’ /ag+} 


Writing S, for the (hypothetical) solubility of the single species HOx in pure water and 
rearranging (cf. Krebs and Speakman, J., 1945, 593), we have 


(S — So)/So = (@u+/Ky’)(1 + Ky'Ky’/ag+*) = (Ky’/aq+)(1 + ag+*/K,’K,’) 
whence 
pK,’ — pH = log(S — So)/So — log{l + (K,’K,’/ag+*)) 


and pH — pK,’ = log(S — Sq)/So — log{l + (an+*/K,’Ky’)] . - -. + (2) 


As they stand these equations are insoluble since the value of S, is not accessible to direct 
measurement : its graphical evaluation from solubility in various alkaline (or acid) media by 
plotting S against 1/aq, (or against aq+) may involve a long and unsatisfactory extrapolation 
(see below). However the solubility of an ampholyte reaches a minimum value, S;, at the 
isoelectric point where ag, = VV K,’K,’, and if its magnitude is such as to permit of accurate 
measurement it is legitimate to use this value in place of S, in plotting equations (2), omitting 
in each case the second term on the right-hand side. Lines of roughly unit slope should result, 
and the values of the abscisse when S equals 2S; will give approximate values for pK,’ and 
pK,’ from which the required solubility of oxine in pure water can be calculated from the 
expression. Sy = S;/(1 + 2\/ K,’/K,’). By use of this first approximation to the value of Sy. 
and the tentative values for K,’ and K,’ the equations (2) can be plotted to give a pair of lines 
of unit slope intersecting at the isoelectric point. Values of the acid exponents obtained from 
this graph can be refined by successive approximation where this is justified by the accuracy 
of the experimental data. Measurements at 20° + 0°05° of the solubility of purified oxine 
in aqueous buffers covering the range pH 4—11 and of constant ionic strength gave values of 
5:27 and 9°68 for the Bronsted acidity exponents, whence pK, = 5°13 and pK, = 9°82. 

(c) Discussion.—After this work had been completed, Phillips and Merritt (J. Amer. Chem. 
Soc., 1948, 70, 410)-reported spectrophotometric measurements leading to pK, = 9°71 and 
pK, = 9°08. Neither the ionic strength nor the temperature of measurement was specified 
but assuming that the latter was 20° with u 0°1 we obtain pK, = 4°95 and pK, = 9°85, in 
satisfactory agreement with our own measurements. In calculating dissociation constants 
from his potentiometric measurements at 20° where oxine precipitates and saturates the 
solution before the point of half-neutralisation, Lacroix (loc. cit.) used the solubility of oxine at 
18°. Use of the correct data for 20° changes his results but slightly, to give pK, = 5°07 and 
pK, = 9°84. The excellent agreement between the four recent and independent values for 
pK, confirms the early colorimetric measurements of Kolthoff (loc. cit.) but is incompatible 
with those of Stone and Friedman. Though the solubility measurements by Stone and 
Friedman were made at 25° (the temperature of their spectrophotometric measurements is not 
recorded) it seems improbable than an increase of 5° could change pK, by as much as 0°5 unit. 
However of the four solubility measurements which they record, their extrapolated value of K, 
(our Sy), 6°12 x 10-*, can be obtained only by omitting the measurement at pH 9°6: the 
remaining observations then lead to pK,’ 10°44 (not 10°38 as they state). It seemed possible 
that the pH values they quote might refer to the buffer solutions before saturation with oxine. 
With the same buffers (Kolthoff and Vleeschouwer, Biochem. Z., 1927, 189, 191) our own 
measurements at 25° + 0°05° gave a significantly lower value for S, of 4°75 x 10 g.-mol./l. 
with pK,’ (25°) = 9°80. 

An error of 0°02 unit in pK may arise from a 1% error in solubility measurements, whilst 
the accuracy of dissociation constants derived spectrophotometrically depends on the accuracy 
with which the graph of optical density as a function of pH can be plotted and interpolated. 
Pending a more accurate determination by an independent method we favour the values 
pK, = 5°00 + 0°10 and pK, = 9°85 + 0°05. 


EXPERIMENTAL. 


_ 8-Hydroxyquinoline was purified by steam-distillation from acid solution, followed by recrystallis-. 
ation from metal-free water and from alcohol. During making up of solutions for spectrophotometric 
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measurements the presence of alcohol (which causes erratic readings in the ultra-violet; cf. Stone and 
Friedman, Joc. cit.) was avoided. Since the reagent dissolves rather slowly in water it was generally 
dissolved in 25 ml. 0-2N-sodium hydroxide, diluted with distilled water, and exactly neutralised with 
0-2n-hydrochloric acid before being made up to the desired volume. Buffer solutions for use below 
pH 2 were prepared from mixtures of hydrochloric acid and sodium chloride. For more alkaline media 
conventional buffers compounded of partly neutralised acetic, phosphoric, and boric acid were employed 
sufficient sodium chloride being added in each case to give an ionic strength of 0-1M. at the dilution 
finally employed for measurements. : 

Optical absorptions were measured with a Beckman Model DU Spectrophotometer with a 5-001-cm. 
silica cell. The slit widths varied according to the wave-length used but a maximum of 1-5 A. was used 
over the range, 2650—3300 a. Preliminary measurements showed that Beer’s law was obeyed for 
solutions of oxine up to a concentration of at least 10 mg./l., but all the buffer solutions employed were 
made up to contain a smaller total concentration, viz., 5-0 mg./l. The appropriate buffer solution 
containing no oxine was used in the “‘ solvent ’’ or comparison cell. Measurements of the pH were 
made to 0-01 unit with a Cambridge pH Meter. 

Solubility measurements were carried out by stirring excess of oxine with the appropriate buffer in 
a thermostat controlled to +0-05°. To facilitate saturation it was advantageous to obtain a crop of 
fine crystals by heating to some 10° above the desired final temperature and then chilling rapidly. That 
no appreciable supersaturation persisted was shown by data agreeing to within 1—2% after 24 hours’ 
stirring in experiments where equilibrium was approached from both lower and higher temperatures, 
After 24—40 hours the excess of oxine was allowed to settle and the concentration of aliquots of the 
saturated solution after filtration through sintered glass or cotton-wool plugs was determined 
bromometrically (Berg, Pharm. Zeitung, 1926, 71, 1542). The pH of the solutions were, of course, 
measured after saturation, for where the solubility was considerable the acidity of the original buffer 
was significantly altered; the effect was most marked with the hydrochloric acid—sodium chloride 
mixtures and with others of low buffer capacity. Solubility measurements at 20-0° gave the following 
results, each value being the mean of at least three concordant determinations : 


pH 392 403 429 438 #465 475 583 6-36 
Solubility in g./l. ........cesee00e+ 722 1464 550 528 3396 2-093 0-653 0-585 
pH 7-01 715 855 976 995 10:25 11-07 

Solubility in g./l. ........:0c0000+ 0-556 0-555 0-594 1-102 1-608 2-525 14-59 


Taking S; as 0-555 g./l. (3-82 x 10-* g.-mol./l.) we obtain from the plot of Jog(S — S,)/S against pH 
the values pK,’ = 5-2 and pK,’ = 9-7, whence S, = 3-78 g.-mol./l. Successive applications of 
equation (2) give pK,’ 5-28, pK,’ 9-67, Sy = 3-775, and finally pK,’ 5-27 and pK,’ 9-68. The isoelectric 
point is at pH 7-48. 

Solubility measurements at 25° with the alkali-glycine buffers used by Stone and Friedman (loc. cit.) 
gave the following mean values : 


9-70 9-83 10-01 
1-222 1-405 1-841 
Eight measurements in a borax—boric acid buffer of pH 7-60 gave S; = 0-694 + 0-003. Assuming the 
previous values for K,’ and K,’ we calculate Sy = 4-75 x 10-8, whence pK,’ (25°) = 9-80. 

In an extended series of measurements at 25° in a buffer of initial pH 11-4 it was noted that the 
solubility of oxine rose to a steady value of 12-7 x 10-* g.-mol./l. during 24 hours but subsequently 
decreased to 12-6, 12-3, and 12-2 on successive days, whilst the corresponding pH values fell to 9-96, 
9-95, and 9-91. 


INORGANIC CHEMISTRY LABORATORY, 
SoutH ParKs RoapD, OXFORD. [Received, June 1st, 1949.] 





563. The Thermal Decomposition of n-Pentane. 


By R. G. Partincton, F. J. Stusss, and Sir Cyrit N. HINsHELWoop. 


The thermal decomposition of m-pentane has been further investigated. The results are 
interpreted on the assumption that the normal decomposition consists of (1) a molecular re- 
arrangement process, and (2) a chain reaction repressible by nitric oxide. 

Analysis of the products of decomposition (in the presence of sufficient nitric oxide to 
suppress the chain reaction) indicates that the probability of an initial rupture at the Cy.) 
linkage is about twice that of one at the C,,_,) linkage. When the molecule breaks at the 
Cys) linkage, ethane and propylene are more frequently formed than ethylene and propane. 

The variation with initial hydrocarbon pressure (,) of the rate (7,) of the uninhibited reaction 
and r,, that of the fully inhibited reaction is satisfied by an equation of the form 


rate = a[po) + b[pp]?. 

The apparent chain length (given by the ratio 7,/r,,) decreases as , increases. 

The mechanism of the chain reaction seems to be generally similar to that of ethane. 
“MEASUREMENTS have been made of the rate of decomposition of m-pentane. The reaction was 
studied kinetically by measurement of pressure change in an apparatus which consisted essentially 
-of an electrically heated furnace, silica reaction bulb, and a capillary manometer. 
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The products of decomposition (in the presence of sufficient nitric oxide to reduce the rate 
to its limiting value) were analysed by fractionation and chemical absorption. On the basis of 
the assumption that under these conditions all chain reaction is suppressed and that decom- 
position takes place by a molecular rearrangement, the chances that the pentane molecule breaks 
in positions (1) and (2) are calculated from the analytical results to be in the ratio 1:2. When 
the molecule breaks in position (2) the products ethane + propylene are formed in greater 
amounts than the alternative products ethylene + propane. 

qa) @) 
c—c—C—C—C 

A study has been made of the influence of pressure and nitric oxide on the reaction rate. 
The results are interpreted in terms of the assumption that the reaction consists of two parts, 
viz. : 

(1) A molecular rearrangement process for which the energy of activation is about 76 kcals. / 
g.-mol. 

(2) A chain reaction repressible by nitric oxide. 


EXPERIMENTAL METHODS. 


The apparatus and experimental methods have already been described (Partington and 
Danby, J., 1948, 2226). 
Fig. 1. 
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Ap-Time curves for the thermal decomposition of 250 mm. of n-pentane at 530° in the presence of 

increasing amounts of nitric oxide. 





In the reaction-velocity measurements the increase of pressure (Ap) was observed at various 
intervals of time, and the initial rate of decomposition obtained by drawing a tangent to the 
Ap-time curve. 

All pressures were measured in terms of mm. of mercury, and all rates as mm. /min. 


REACTION VELOCITY MEASUREMENTS. 


Normal Uninhibited Decomposition.—The exact assessment of the initial rate is a matter of 
some difficulty, since the plot of Ap against time shows a pronounced curvature near the origin, 
but afterwards approximates closely to a straight line. A typical Ap—time curve is shown in 
Fig. 1. 

There appears to be a marked inhibition by the products during the initial stages of the 
reaction, and on this assumption the correct rate would be given by the slope of the tangent 
to the initial steep portion of the curve, measured at ¢= 0. Values obtained in this way are 
plotted to give the upper curve in Fig.2. Ifthe rates obtained from the straight portions of the 
Ap-time curves are plotted they give the lower curve in Fig. 2. 

The more detailed investigation of the Ap-time curve near the origin (Fig. 1) having shown 
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that the rapid change of curvature is real, it becomes obvious that the upper curve in Fig, 2 
is in fact the correct one. 

There is a similar pronounced curvature in the initial part of the Ap-time curve for the 
normal decomposition of m-butane (Steacie and Folkins, Canadian J. Res., 1939, B, 17, 105: 
1940, B, 18, 1). 

The initial rate of decomposition of »-pentane at 530° c. was measured at various pressures 
up to 500 mm. The results are given in Table I. The upper curve in Fig. 2 shows how the 
initial rate r, varies with the initial hydrocarbon pressure ~,. The curve is satisfied by the 
empirical equation 

% = 3-63 xX 10°, + 7:33 x 10*P,?. 


Fic. 2. 
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Variation of vate with initial pressure for the uninhibited decomposition of n-pentane at 530°. 





The lower curve in Fig. 2 is also satisfied by an equation of the same general form (with 
the first constant 0°92 x 10-* and the second 7°37 x 10-5). 


Influence of Nitric Oxide.—Small amounts of nitric oxide cause a marked reduction of the 
decomposition rate. The effect of increasing amounts of nitric oxide on the Ap—time curve is 
shown in Fig. 1. It is seen that the effect of the first small additions is to flatten out the initial 
curved portion until it approximates closely to a straight line. The slope of the tangent to this 
line can easily be determined. The initial rates at 530° and 550° are reduced to a limit by the 
addition of increasing amounts of nitric oxide as shown in Tables II and III. In the latter 
are recorded the values of the function (ry — r,,)/(%) — 7,,) where ry = observed rate at a given 
Pro» % that when pyo = 0 and v,, the limit reached at high values of pyo. 


TABLE I. 
Normal uninhibited decomposition of n-pentane at 530°. 
Initial pentane pressure ~, (mm.) ...... 29 54 100 146 202 250 333 465 
Initial rate 7, (mm. /min.) 1-9 4-2 8-4 12-9 13-2 18-5 30-9 


TaBLe II. 
530°. 550°. 








Pressure of = 100 mm. Po = 250 mm. Po = 100 mm. Po = 250 mm. 
nitric oxide Initial rate Initial rate Initial rate Initial rate 
(mm.). (mm. /min.). (mm. /min.). (mm. /min.). (mm. /min.). 


4-20 13-2 
1-98 7- 
1-24 . 
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TaBLeE III. 
Values of (¥ — 1.5) /(%¥o — Too) = {(y[NO})* + 1}* — y[NO}. 
Pressure of mi 


nitric oxide (mm.). Po = 1 Do = 250 mm. 
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y = 1:30 y = 0-67 


According to the results of Hobbs and Hinshelwood (Proc. Roy. Soc., 1938, A, 167, 439) 
for the decomposition of ethane at 600°, the value of the function is given by 


(¥ — 5) /(%0 — %0) = {(y[NO})* + 1}# — y[NO} 
This expression fits the present results, with the values of y given in Table III. 
In the case of ethane, y varied as [C,H,]* when z lay between —0°73 and —0°87. With 
pentane the values of z are —0°71 at 530° and —0°99 at 550°. 


The rate of the fully inhibited decomposition (r,,) of m-pentane at 530° was measured at a 
series of initial hydrocarbon pressures. The results are given in Table IV. The dependence 


TABLE IV. 


Fully inhibited decomposition of n-pentane at 530°. 


Initial pentane pres- 

sure,f,(mm.) ... 46 98 100 144 147 199 250 350 404 421 460 
Initial rate, 7, 

(mm. /min.) ......... 0-23 0-55 0-58 1:03 1:14 2-14 3-30 3-83 489 7:0 74 82 


ofr,, on the initial pressure of m-pentane is similar to that found with the normal decomposition 
rate and is satisfied by the equation 
Yo = 050 X 10%, + 2°75 x 10°,?. 


The ratio of the uninhibited rate (r,) to the fully inhibited rate (r,, ) gives the apparent chain 
length, and the variation of the latter with initial pentane pressure is given by the expression 


_ 363 X 10%, + 7-33 x 10*pas 


apparent chain length = »/r,, = 050 x 102), +275 x 10*p," 





The numerical values are given in Table V and, as observed by Hobbs and Hinshelwood 
(loc. cit.) for the decomposition of ethane, propane, and hexane, the apparent chain length 
decreases with increasing hydrocarbon pressure. 


TABLE V. 
Variation of apparent chain length (r,/r,.) with n-pentane pressure. Temperature, 530°. 
n-Pentane pressure (mm.) 50 100 150 200 250 300 350 400 450 500 
Apparent chain length ... 6-7 5-0 4-8 4-7 4-6 4-3 4-2 4-1 4-0 3-9 


y,, is much more nearly proportional than r, to [p,*], which means that the decrease in 
apparent chain length with increasing initial pressure occurs nearly in accordance with an 
expression of the form 


1el%¥o = A+ a where A = 3-8 and B = 150. 


Infiuence of Temperature.—A series of measurements made over the range 508—580° gave an 
approximate value of 76 kcals./g.-mol. for the activation energy of the fully inhibited 
decomposition. 
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ANALYTICAL RESULTs. 


Analysis of Products.—An analysis was made of the products from the decomposition of 
400 mm. of m-pentane in the presence of 10 mm. of nitric oxide at 530°. The combined materials 
from about 40 runs with Ap/p, = 0°5 were used. A second analysis was made of the lighter 
fraction only. The results are given in Table VI. 


TABLE VI, 


Analysis of products of decomposition of 400 mm. of n-pentane with 10°0 mm. of nitric oxide, 
at 530°. Ap/py = 0°5. 
% by volume of Amount relative to CH, = 1-0. 
total gas. : - A ni 
Analysis 1. Analysis 1. Analysis 2. 
. 0-1 





=Oomtome 
or acc -= 


DISCUSSION. 


The analytical results are in moderate agreement with what would be expected on the 
basis of a molecular rearrangement process of the kind described for m-hexane (Partington and 
Danby, loc. cit.) 


amethane + butene-l1 ——> 2 ethylene 


‘ (ome + propylene 
ethylene + propane 


n-pentane 


Assuming that the butene-1 undergoes some decomposition to give 2 molecules of ethylene, 
the amount from this source would be 


2 X amount of butene-1 decomposed 
= 2 x (amount of methane found — amount of butene-1 found) 
= 2 x (8-3 — 4:8) = 7-:0%. 
Thus, of the ethylene found, (12°3 — 7°0)% = 5°3% is from the primary process. The pro- 
pane figure is low, although the propylene and ethane percentages are in fair agreement. 
The relative probability of cleavage in the pentane molecule in positions (1) and (2) will be 
given by 
methane : (ethane + propane) 


With the mean of the values (propane found) and (ethylene from primary process) taken to 
represent the true propane value, the ratio is 


oo 7 58) or 8-3 : 19-6. 


8-3: (16:5 4 


Although there is some possibility that the residual pentane contained some other dissolved 
substances (C, and C,) it is unlikely that any methane or ethane remained dissolved. Thus, 
independently of the propane value, the preference for a break in position (2) must be at least 
16°5 : 8°3 or about 2: 1. 

Further, when the molecule breaks in position (2) the formation of ethane and propylene is 
definitely more probable than the alternative formation of ethylene and propane [cf. the break 
in position (2) for n-hexane]. 

REACTION KINETICS. 
The fully inhibited reaction depends upon the initial pressure according to the equation 
y = 0-50 x 10, + 2-75 x 10-9,. 


For certain values of ~, the influence of the first term is small and the overall behaviour 
approximates over a limited range to that of a second-order change. If the inhibited process 
does in fact correspond largely to a residual molecular rearrangement reaction, then this, in the 
pressure range investigated, is still dependent on the rate of activation by collision. 
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The interpretation of the details of the chain mechanism is somewhat complex. With 
ethane the most probable mechanism seems to be a first-order primary decomposition into 
radicals, which can be removed either by reaction with nitric oxide, or by combination, largely 
in ternary collisions, but partly in binary collisions. 

With the higher hydrocarbons a further possibility is present. The initial decomposition 
can yield a large radical which is itself susceptible of thermal decomposition. For example, 
with n-pentane we could well have 


a I ck) 6. atl an bck eater aaa 
(M) (S) 


CH, +M=C,H,+S PEO’ A Pe a 
ey, ay. ra 


Other alternatives involve the formation of H or C,H,, but (1), (2), and (3) may be taken as 
representative. 

The radicals chiefly removed by the nitric oxide may be either CH, or the heavy radical S. 
In the latter case it can be shown that the nitric oxide inhibition curves will become independent 
of the hydrocarbon pressure as found by Hobbs for the decomposition of diethyl ether (Proc. 
Roy. Soc., 1938, A, 147, 456). 

If to equations (1) to (3) are added 


oe eee er er eee ae 
S + NO = Imactive Products . 2. wt ltl tl el el @ 


the usual stationary state calculation gives 


trate « [pentane] ¢[NO] 
From this it follows that 
(¥ — %0)/(%0 — %0) = $’[NO] 
and is independent of [M}. 

Since in fact the value of y is nearly the same for ethane as for pentane, there is no good 
reason for supposing that the importance of the reaction between nitric oxide and the larger 
tadicals is markedly greater with pentane. Thus the reaction with the smaller radicals still 
plays an important part. 

In the absence of nitric oxide the chain length diminishes as the pressure of pentane increases, 
and we may therefore assume that the chains are largely ended by a process involving a pentane 
molecule as has already been suggested for ethane. 

The difference between 7, and r,, which gives the rate of the repressible chain reaction is 
more nearly of the first order than 7, or y,, themselves, a fact which is consistent with the fall 
in apparent chain length as the initial pressure rises. In fact the difference increases according 
to a power of the pentane pressure slightly greater than the first. This result is in agreement 
with that found for ethane, where it was concluded that an initiation process of order x combined 
with a radical recombination process of an apparent order y in ethane to give an overall depend- 
ence on ethane pressure of [C,H,]'+*+**, % was found to be unity, and y about 0°66. This 
means an apparent order of 1-17 over the range studied. 

The mechanism of the pentane chain reaction seems therefore to be generally similar to that 
of ethane. 


We are indebted to the Anglo-Iranian Oil Company for a gift of pure pentane. This work forms part 
of the programme of the Fuel Research Board of the Department of Scientific and Industrial Research 
and this paper is published by permission of the Department. 


PHYSICAL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. [Received, June 11th, 1949.) 
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564. Antituberculous Compounds. Part I. Halogenated w-Aryloxy- 
alkylamines and Analogues. 


By D. J. Drain, D. A. Peak, and F. F. Wuitmonrt. 


A series of chlorinated diethyl-2-phenoxyethylamines has been prepared in an attempt to 
relate the number and position of the chlorine atoms to the activity against M. tuberculosis. 
The homologation of the diethylaminoalkoxy-group, the replacement of the terminal diethyl- 
amino-group by other basic groups, and the replacement of the phenyl nucleus by other aromatic 
nuclei have also been studied. Although high activities were obtained in vitro in certain cases, 
in vivo activity could not be demonstrated. 


THE observation by Saz and Bernheim (J. Bact., 1942, 48, 31) that diethyl-2-(2 : 4 : 6-tri-iodo- 
phenoxy)ethylamine (I; X =I; mu = 2) is active in vitro against M. tuberculosis, and later 
indications of possible activity im vivo (Saz, Johnston, Burger, and Bernheim, Amer. Rev. 
Tuberc., 1943, 48, 40; see also Burger, J. Amer. Pharm. Assoc., 1947, 36, 372), prompted us to 
examine this substance. The in vitro activity, although high, was considerably reduced by the 
presence of serum in the medium and failure to observe any favourable effect on the course of 
experimental tuberculosis in guinea-pigs was therefore not unexpected. 


x 
x€_S-0-(CH,wNEt, 
x 
(I.) 


This paper describes the preparation of a series of analogues of (I) in an attempt to elucidate 
the structural features of activity and in the hope of obtaining compounds less prone to de- 
activation by serum. Following the observation of Burger, Wilson, Brindley, and Bernheim 
(J. Amer. Chem. Soc., 1945, 67, 1416) that on a weight basis chloro-derivatives are as effective 
as iodo-derivatives, a finding which we confirmed in the case of diethyl-2-(2 : 4 : 6-trichloro 
phenoxy)ethylamine (I; X = Cl; » = 2), work was confined to the more accessible chloro- 
compounds. The effect of the following structural features was investigated: (1) the extent 
and position of chlorine substitution; (2) increase of the chain length between the oxygen and 
nitrogen atoms; (3) replacement of the terminal basic groups by other basic groups; and 
(4) replacement of the phenyl by naphthyl and quinoly] nuclei, both chlorinated and unchlorinated. 
Data concerning the compounds prepared are summarised in the table, together with their 
in vitro activities. Detailed biological results will be published elsewhere. 

It would appear that in the phenoxy-compounds chlorine, optimally three atoms, is required 
for the development of maximum activity in the absence of serum, but the activity increment 
produced by this substitution in most cases disappears in the presence of serum and is therefore 
unlikely to be reflected in an increased im vivo activity. The same effect is observed with 
diethyl-2-(2 : 4-dichloro-l-naphthoxy)ethylamine. In other cases chlorine has either little 
effect or even a deactivating effect, e.g., in the case of diethyl-2-(1 : 3-dichloro-2-naphthoxy)- 
ethylamine. Other examples of this effect will be described in a subsequent communication. 
Although no regularity can be traced between activity and the position of the chlorine atoms, 
the activities of the isomeric diethyl-2-(trichlorophenoxy)ethylamines differ considerably. 
The 2:3: 5- and the 2:3: 4-isomers are exceptional in maintaining their high activities in 
presence of serum. In spite of this, no beneficial effects could be demonstrated with the former 
on experimental tuberculosis in guinea-pigs. In view of this result and the diminished activity 
of the pentachloro-derivative, tetrachloro-derivatives were not examined. 

The homologous series of compounds (I; X = Cl; n = 2, 3, 4, 5, or 8) shows an interesting 
variation of activity. Following a drop of activity when = 3, the activity rises to five times 
the initial activity when » = 5. With = 8 the activity has again dropped to the initial value. 
Deactivation by serum precludes any chemotherapeutic interest in these homologues. 

Quaternisation of the terminal diethylamino-group as in methyldiethyl-2-(2 : 4 : 6-trichloro- 
phenoxy)ethylammonium chloride (Il; R = —CH,*NMeEt,Cl), or replacement by an amidino- 
group as in 2: 4: 6-trichlorophenoxyacetamidine [{II; R = -C(:NH)*NH,] or by a dihydro- 
glyoxaline group as in 2-(2 : 4: 6-trichlorophenoxymethy]l)-4 : 5-dihydroglyoxaline (II; R= 


er 

—C:N-CH,°CH,"NH), gives compounds of low activity. Replacement by a di-n-octylamino- 
group (II; R = -CH,*N(C,H,,).] also reduces the activity, as in the case of the dibutylamino- 
group (Burger, et al., loc. cit.). A certain specificity therefore attaches to the terminal diethyl- 
amino-group or, at least, to a lower dialkylamino-group in this position. 
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Notes to Table (p. 2681). 


(1) Burger et al. (loc. cit.) record m. p. 137-5° for the hydrochloride. (4) Burger et al. (loc. cit.) record 
m. P: 160—162° for the hydrochloride. (5) Isolated by extraction of the base from ethereal solution 
i Lot pie acid, precipitation as the insoluble hydrochloride by addition of excess of hydrochloric 
acid and recrystallisation from methanol. Long and Burger (J. Amer. Chem. Soc., 1941, 68, 1586) 
record m. p. 195—196° eamenpe P For test the hydrochloride was converted into the freely soluble 
bees ae with one equivalent of silver sulphate. (6) Burger e¢ al. (loc. cit.) record m. p. 183° for the 
hydrochloride. (11) The picraie, prisms from ethanol, had m. p. 185—186° (Found: N, 9.4 
C,,H,,;O,N,Cl, requires N, 94%). (13) 4-(2 : 4: 6-Trichlorophenoxy)butyl bromide had b. p. 151— 
154°/5 mm. (14) 5-(2: 4: 6-Trichlorophenoxy)-nm-amyl bromide had b. p. 182—187°/7 mm. The 
base — a picrate, needles (from ethanol), m.p. 78—80° (Found: N, 9-8. C,,H,,0,N,Cl, requires 
N, 9-9%). (15) Found, for the free base: N, 3-8. C,sH,,ONCI, requires N, 3-7%. (16) The iodide 
prepared by condensation of compound (4) with methyl iodide in er, had m. p. 122° (Found: N’ 
3-3. C,,H,,ONCI,I requires N, 3-2%). The hygroscopic chloride, obtained by treating a methanoi 
solution of the iodide with silver chloride, had m. p. 83—84° (Found: N, 4-0. C,,H,,ONCI, requires 
N, 40%). (19) Preparation by Dr. T. I. Watkins. Found, for the free base: N, 3-0, 3.2, 
Cy,HgONCl, requires N, 30%. The Reineckate, plates (from aqueous acetone), had m. p. 87—88° 
(Found : N, 11-5; loss at 100°/vac., 44. C,,H,,ON,Cl,S,Cr,2H,O requires N, 11:8; H,O, 4-4%), 
(20) Found, for the free base: N, 11-4. C,H, ON, requires N, 115%. The dipicrate, golden yellow 
rhombohedra from acetone-ethanol, had m. p. 171—171-5° (Found: N, 16-0. C,,H,,0,,N, requires 
N, 15-95%). The hydrochloride was very hygroscopic and not readily purified. (21) The picrate, 
yellow needles from aqueous acetone, had m. p. 154—155° (Found: C, 46-4; H, 3-85; N, 12-7, 
C,,;H,,0,N,Cl, requires C, 46-5; H, 3-9; N, 12-9%). (22) Found, for the free base: N, 11-3. 
C,5HgON, requires N, 11-5%. The picrate, yellow needles from ethanol, had m. p. 136—137° (Found : 
N, 148. C,,H,,0,N, requires N, 14-8%). (23) Found, for the free base: N, 8-1. C,,H,,ON,Cl, 
requires N, 8-1%. The picrate, from dioxan-ethanol, had m. p. 185° (Found : N, 12-1. C,,H,,O,N,Cl, 
requires N, 12-15%). (24) Bovet and Staub, Compt. rend. Soc. Biol., 1937, 124, 548, mention this 
substance without chemical details. (25) The picrate, needles from aqueous dioxan, had m. p. 177— 
178° (Found: N, 10-4. C,,H,,0,N,Cl, requires N, ~~. (26) Einhorn and Rothlauf (Annalen, 
1911, $82, 257) record b. p. 202°/18 mm. for the base, and m. p. 138—139° for the hydrochloride. 


EXPERIMENTAL, 


The halogenated phenols were prepared by the following methods : 2 : 4: 5-trichlorophenol (Harrison, 
et al., J., 1943, 235); 3:4: 5-trichlorophenol (Kohn and Kramer, Monatsh., 1928, 49, 161); 2:3: 5- 
trichlorophenol (Tiessens, Rec. Trav. chim., 1931, 50, 114); 2:3: 4-trichlorophenol (Hodgson, /., 1930, 
1419); 2:3: 6-trichlorophenol (Kohn and Fink, Monatsh., 1930, 56, 137); pentachlorophenol (Barral 


and Jambon, Bull. Soc. chim., 1900, [3], 28, 824); 5 : 7-dichloro-8-hydroxyquinoline (Hebebrand, Ber., 
1888, 21, 2980); 2: 4-dichloro-l-naphthol (Zincke, Ber., 1888, 21, 1035); 1 : 3-dichloro-2-naphthol 
(Zincke, Ber., 1888, 21, 3386). 

2-Di-n-octylaminoethyl Chloride.—Di-n-octylamine (40 g.) and ethylene chlorohydrin (10 c.c. of 609 
aqueous solution) were stirred at 100° for 24 hours. The resulting homogeneous solution was cooled 
and decomposed with 10% sodium hydroxide solution (30 c.c.). The resulting oil, isolated with ether, 
gave on fractional distillation unchanged di-n-octylamine (29 g.) and 2-di-n-octylaminoethanol (10 g.) 
as a colourless oil, b. p. 136—139°/0-2 mm. (Found: N, 5-1. C,gH3,ON requires N, 4-9%). The latter 
(9-1 g.) in chloroform was slowly added to thionyl chloride (5 g.) in chloroform at 0°. After being kept 
overnight the solution was heated under reflux for 1 hour, and the chloroform evaporated. Crystallisation 
of the residue from ether afforded 2-di-n-octylaminoethyl chloride hydrochloride (8 g.) as waxy plates, 
m. p. 88—g9° (Found: Cl-, 10-6. C,,H;,NCI,HCl requires Cl-, 10-45%). For condensation with 
2: 4: 6-tricMlorophenol, a benzene solution of 2-di-n-octylaminoethyl chloride was prepared by stirring 
an aqueous suspension of the hydrochloride with an excess of sodium hydroxide solution and extracting 
the liberated base with benzene. After drying (MgSO,) the benzene solution was used without further 
treatment. 

2:x:x: x-Tetvachloroquinoline.—Chlorination of carbostyril by the method of Friedlander and 
Weinberg (Ber., 1882, 15, 1425) gave a trichlorocarbostyril instead of the dichlorocarbostyril described 
by these authors. Carbostyril (5 g.) was dissolved in a mixture of glacial acetic acid (100 c.c.) and 
concentrated hydrochloric acid (50 c.c.). The mixture was warmed gently to dissolve all solid, and 
potassium chlorate (10 g.) was added in small portions at ca. 60°. The solid which separated on cooling 
was recrystallised from glacial acetic acid, affording x : x : x-trichlorocarbostyril as colourless needles, 
m. p. 217—218° (Found: C, 43-1; H, 1-6; N, 5-7. C,H,ONCI, requires C, 43-4; H, 1-6; N, 5-6%). 
This compound (9-3 g.) was heated with phosphorus oxychloride (10 g.) and phosphorus pentachloride 
(20 g.) at 140—150° for 3 hours. Decomposition of the mixture with ice and water afforded 2 : x : x: x- 
tetrachloroquinoline (10 g.), m. p. 151°, raised to 154—155° by crystallisation from ethanol (Found: 
N, 5-5. C,H,NCl, requires N, 5-25%). : 

Preparation of w-Aryloxyalkylamines.—Method A. The phenol dissolved in methanol was neatralised 
with the equivalent amount of methanolic sodium methoxide, excess of benzene was added, and the 
methanol removed azeotropically. 1 Mol. of the dialkylaminoalky] chloride was then added to the benzene 
suspension of the sodium salt, and the mixture heated under reflux for 24 hours. The benzene was 
washed with dilute aqueous sodium hydroxide, and the product extracted into dilute hydrochloric acid. 
The oil liberated by basification of the acid extract was isolated with ether or benzene and distilled under 
reduced pressure. . 

Method B. Equivalent quantities of the phenol and the dialkylaminoalkyl chloride hydrochloride 
were boiled under reflux in methanol containing two equivalents of sodium methoxide for 12—24 hours. 
po —e was distilled off, the residual oil dissolved in ether, washed with water, and purified by 

istillation. 
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Method C. As for method B but with ethanol instead of methanol. In general, methods B and C 
gave yields much inferior to method A. 

Method D. The sodium salt, which was soluble in ether, was condensed in this solvent with diethyl- 
aminoethy] chloride. 

Method E. Sodium 2: 4: 6-trichlorophenoxide was stirred with a large excess (4—5 mols.) of the 
alkylene dibromide and heated in a cyclohexanol-vapour-bath for 48 hours. Chloroform was then added, 
the solution washed with water, and the product distilled. The resulting w-(2 : 4 : 6-trichlorophenoxy)- 
alkyl bromide was heated under reflux with excess of diethylamine for 6 hours, the excess of diethyl- 
amine removed, and the free base liberated with aqueous sodium hydroxide and isolated with ether. 
It was purified either by distillation or by crystallisation of the hydrochloride. 

Method F. The 2-chloroquinoline was boiled under reflux in a solution of sodium (1 equivalent) 
in excess of diethylaminoethanol for 6 hours. Excess of diethylaminoethanol was removed in vacuo, 
and the product isolated as previously. 

The hydrochlorides were oo by the addition of ethanolic hydrogen chloride to an ethereal 
solution of the base, followed by crystallisation from ethanol, methanol, acetone, or benzene. 

2:4: 6-Trichloroph yacetamidini Chloride.—2 : 4: 6-Trichlorophenoxyacetic acid (12-6 g.) 
was heated under reflux with thionyl chloride (16 c.c.) overnight. The crude acid chloride obtained by 
removal of the excess of thionyl chloride was dissolved in hot benzene, and gaseous ammonia passed into 
the solution. After cooling, the crude amide (9-9 g.; m. p. 189—191°) was collected, dried, and heated 
under reflux overnight with thionyl chloride (20 c.c.). Distillation gave the crude cyanide (7-1 g.), 
b. p. 143—145°/2 mm., m. p. 103° after crystallisation from ethanol. The cyanide (35 g.) was dissolved 
in a mixture of dioxan (370 c.c.), chloroform (75 c.c.), and ethanol (22 c.c.; 2-5 mols.) and saturated at 
0° with dry hydrogen chloride. After 1 week at room temperature the clear solution was concentrated 
to a small volume im vacuo. The imino-ether hydrochloride, obtained by precipitation with ether, 
was shaken with saturated ethanolic ammonia for 5 days. The reaction mixture was concentrated to 
asmall volume im vacuo at 40° and filtered. The colourless residue was extracted with boiling 2N-hydro- 
chloric acid (3 x 100 c.c.). The combined extracts on cooling deposited colourless needles (14 g.), 
m. p. 218—219° (decomp.). The mother-liquor from the above concentrate, on evaporation to dryness 
in vacuo and extraction of the residue with hot acid, afforded a further crop (4-5 g.), m. p. 214—217° 
(decomp.). The crude product (5 g.) was dissolved in hot water (225 c.c.), and a small amount of neutral 
insoluble material filtered off. Addition of concentrated hydrochloric acid to the filtrate gave 2: 4: 6- 
trichlorophenoxyacetamidini chloride (3-23 g.) as colourless needles, m. p. 235° (decomp.) (Found: 
N, 9-6. C,H,ON,Cl, requires N, 965%). The neutral material, crystallised from ethanol or aqueous 
ethoxyethanol, had m. p. 193° and proved to be 2: 4: 6-trichlorophenoxyacetamide (Found : 
C,H,O,NCI, ag ners N, 5-5%). 

2-(2 : 4: 6-Trichlorophenox thyl)-4 : 5-dihydroglyoxalinium Chloride—This was prepared by the 
method of Oxley and Short (B.P. 614,072). A mixture of the above amidinium chloride (7-6 g.) and 
ethylenediamine (3-13 g.) in absolute ethanol (25 c.c.) was kept for 10 days, whereupon most of the solid 
dissolved. A small amount of a crystalline high-melting (ca. 300—310°) by-product was filtered off and 
the filtrate evaporated at room temperature. The résidual gum was dissolved in a minimum amount 
of water, and the solution filtered. Addition of concentrated hydrochloric acid gave 2-(2 : 4: 6-#ri- 
chlorophenoxymethyl)-4 : 5-dihydroglyoxalinium chloride (5-5 g.) as colourless needles, m. Pp: 148—150°, 
raised to 157-5—158-5° by recrystallisation from ethanol (Found: N, 8-8. C, H,ON,Cl, requires N, 
8-9%). 


The authors gratefully acknowledge their indebtness to Mr. C. E. Coulthard, Dr. L. Dickinson, and 
Miss B. Croshaw for the biological tests, and to Dr. W. F. Short for his interest in the work. They also 
thank Miss M. Birchmore and Miss F. Skidmore for carrying out the analyses. 
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565. Antituberculous Compounds. Part II. Di-(p-N-arylamidino- 
phenoxy)alkanes. ; 


By M. W. PARTRIDGE. 


A series of di-(p-N-arylamidinophenoxy)alkanes and certain analogues have been prepared 
for a study of the relation between structure and activity against Mycobacterium tuberculosis. 
Although high activities were observed in vitro in several examples, no activity could be demon- 
strated in vivo in guinea-pigs; this may have been due to the high toxicity of the compounds. 
Di-(p-N-phenylamidinophenoxy)alkanes containing three or five methylene groups exhibit 
high activity in vitro, whereas homologues having two, four, or six methylene groups are 
inactive. 


Tue observation that, in contrast to propamidine [1 : 3-di-(p-amidinophenoxy)propane (I; 
R=H, n= 3)], 1: 3-di-(p-N-phenylamidinophenoxy)propane (I; R= Ph, m = 3) (Oxley, 
Partridge, and Short, J., 1947, 1110) exhibited considerable activity in vitro against Myco- 
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bacterium tuberculosis, both in the presence and absence of serum, indicated that an examination 
of analogous compounds might be of interest. Homologues, in which R = Ph and n = 2, 4, 
5, and 6, were prepared by orthodox methods from the corresponding dicyanides. Attempts 
to prepare the first member of this series, in which m = 1, were unsuccessful. Analogues of 
(I) in which R was p-tolyl, p-chlorophenyl, p-hydroxyphenyl, and p-alkoxyphenyl, and 
n = 3 or 5 were also prepared. Data relating to these compounds are summarised in the 
table. These N-substituted diamidines are weak bases which form sparingly water-soluble 


R-NH-C(NH)-<_S-O{CH,}0-C_S-C(-NH)-NHR (I.) 
HNN ZS o1cn,0¢ S “ly 
le: Nee Nae ae ee Oe 
salts ; their dilactates are, however, moderately soluble in water. The substituted arylammonium 
benzenesulphonates, required as intermediates, are described in the Experimental section, 
together with other benzenesulphonates prepared before experiments on this series of amidines 
were discontinued. This preparative work afforded little new of chemical interest. 

1 : 3-Di-(p-4 : 5-dihydro-2-glyoxalinylphenoxy)propane (Il; X = NH) was prepared by the 
method of Oxley and Short (j., 1947, 497), and the corresponding bisoxazoline (II; X = 0) 
was obtained by a replacement reaction of 1 : 3-di-(p-N-phenylamidinophenoxy) propane with 
ethanolamine (Oxley and Short, B.P. 615,006). 

The biological results will be described in detail elsewhere. Attention is directed here to 
certain features of chemical interest which appear to be deducible from the im vitro activities 
recorded in the table. The activity of 4-aminosalicylic acid, determined under the same 
conditions, is included for comparison. 

There is a noteworthy relation between the length of the polymethylene chain and the 
activity of the short series of di-(p-N-phenylamidinophenoxy)alkanes described; when the 
number of methylene groups is even, the compounds are inactive whereas, when the number 
is odd, high activities appear. In this series, the presence of serum does not appreciably affect 
the in vitro activity. This specific effect of the length of the polymethylene chain is unusual 
and, as far as is known, no strictly analogous case has previously been recorded, although some 
indication of a similar effect was noted by Ashley e al. (J., 1942, 103) for the trypanocidal 
activites of the corresponding unsubstituted diamidines. In this respect, the di-(p-N-pheny]l- 
amidinophenoxy)alkanes differ strikingly from other homologous series of compounds known 
to exhibit activity against M. tuberculosis. p-Alkoxyanilines and 2-alkoxy-5-aminopyridines 
(Friedman et al., J. Pharm. Exp. Ther., 1947, 89, 153; J. Amer. Chem. Soc., 1947, 69, 1204, 
1795; Forrest, D’Arcy Hart, and Walker, Nature, 1947, 160, 94) and the p-alkoxy-N-aryl- 
benzamidines, to be described in a later paper in this series, show a gradual change in activity 
with increase in chain length. Further examples showing this feature have been reported by 
Bloch ef al. (Helv. Chim. Acta, 1947, 30, 539) and by Drea (J. Bact., 1946, 51, 507). The 
introduction of a p-methyl group into the N-phenyl substituents of the amidine groups (I; R = 
p-tolyl, n = 3) has no effect on the activity, whereas similarly placed p-chloro- and p-hydroxy- 
groups cause a marked decrease. The full activity of the parent compound is restored by 
methylation of the p-hydroxy-groups; although ethylation increases the activity to five times 
that of the parent compound and butylation restores part of the activity in the absence of 
serum, these two compounds are partly inactivated by serum. Analogues of 1 : 5-di-(p-N- 
phenylamidinophenoxy)pentane (I; R = Ph, m = 5) containing p-alkoxy-groups in the N-phenyl 
substituents of the amidine groups, are consistently less active than the parent compound. 
The cyclic diamidine (II; X = NH) and its oxygen isostere (Il; X = O) are of about the same 
low order of activity as the corresponding unsubstituted diamidine, propamidine. Notwith- 
standing the appreciable activities in vitro which were observed in several of these diamidines, 
no demonstration of activity against experimental tuberculosis in guinea-pigs was possible; 
this may have been due to the high toxicity of these compounds. 


EXPERIMENTAL. 


p-Chloroanilinium Benzenesulphonate.—p-Chloroaniline (12-8 g.) in hot methanol (75 c.c.), neutralised 
to Congo-red with hydrated benzenesulphonic acid (17 g., 1 mol.) in hot methanol (75 c.c.) and 
decolourised with charcoal, afforded p-chloroanilinium benzenesulphonate (17-5 g., 61%), m. p. 234—235° 
(Found: N, 4:9. C,,H,,0,NCIS requires N, 4-9%). The following were similarly prepared. 

p-Hydroxyanilinium bensenesulp te, prisms (from isopropanol), m. p. 230—231° (decomp.) 
(Found: N, 5-2. C,,H,,;0,NS requires N, 5-2%). 
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p-Methoxyanilinium benzenesulphonate, prisms (from isopropanol), m. p. 179—180° (Found: N, §-] 
C,3H,,0,NS requires N, 5-0%). 4 

prEthoxyani inium benzenesulphonate, prisms (from isopropanol), m. p. 167—168° (Found: N, 49, 
C,,H,,0,NS requires N, 4-8%). 

n-Propoxyanilinium benzenesulphonate, obtained by interaction of its constituents in water and 
purified by crystallisation from ethyl acetate containing a trace of ethanol, leaflets, m. p. 214—215° 
(Found: N, 4:8. C,,H,,O,NS requires N, 4-5%). 

p-n-Butoxyanilinium benzenesulphonate, hydrated needles (from water), m. P. 191—192° (decomp, 
(Found, in material dried at 100°/vac.: N, 4-4. C,,H,,0O,NS requires N, 4-3%). 

p-n-Amyloxyanilinium Benzenesulphonate.—p-Nitrophenyl n-amy] ether, on reduction with aqueous 
sodium sulphide and treatment with benzenesulphonic acid, gave a 62% yield of p-n-amyloxyanilinium 
benzenesulphonate, leaflets (from water), m. p. 172—173° (Found: loss at 100°/vac., 2-3. Found, on 
dried material, N, 4-3. C,,H,;0,NS,}H,O requires H,O, 26%. C,,H,,;0,NS requires N, 4-2%). 

N-n-Butyl-p-bromoanilinium Benzenesulphonate.—p-Bromoformanilide (20 g.) was alkylated with 
n-butyl bromide (21 g., 1-5 mols.) as described by King and Tonkin (J., 1946, 1063). After removal of 
the solvent, the residue was heated under reflux for 3 hours with 2-28N-aqueous benzenesulphonic acid 
(44 c.c., 1 mol.) and afforded N-n-butyl-p-bromoanilinium benzenesulphonate (27-5 g., 78%) as prisms, 
> p. ° wie on crystallisation from isopropanol (Found: N, 3-75. C,gHgO;NBrS requires 

, 36%). 

Di-(p-N-arylamidinophenoxy)alkanes.—The di-(p-N-arylamidinophenoxy)alkanes described in the 
table were prepared by heating the appropriate di-(p-cyanophenoxy)alkane (Ashley et al., loc. cit.) with 
2 equivalents of an arylammonium benzenesulphonate at 210° for 1—2 hours (Oxley and Short, /., 1946, 
147). The experiments were conducted on a 0-015—0-1-g.-mol. scale. The diamidine was liberated 
by aqueous ammonia from a solution of the product in ethanol and purified as the free base, as a salt, 
or as the free base after separation from non-basic material as the lactate. The yields given are those 
of purified material. 

1 : 3-Di-(p-4 : 5-dihydro-2-glyoxalinylphenoxy)propane.—l1 : 3-Di-(p-cyanophenoxy)propane (8-2 g,) 
and 2-aminoethylammonium toluene-p-sulphonate (14 g.; 2 mols.) were heated in a refluxing nitrobenz- 
ene bath (210°) for 90 minutes; the reaction was exothermic, the temperature of the reaction mixture 
reaching 20° above that of the vapour-bath. A solution of the cooled melt in ethanol (50 c.c.), poured 
into aqueous ammonia (d 0-880; 30 c.c.) and crushed ice (100 g.), afforded 1 : 3-di-(p-4 : 5-dihydro-2- 
glyoxalinylphenoxy)propane (5-1 g., 47%), m. p. 237—-238° (decomp.), as leaflets on crystallisation from 
ethanol (Found: N, 15-2. C,,H,,O,N, requires N, 15-4%). 

1 : 3-Di-(p-2-oxazolinylphenoxy) propane.—l : 3-Di-(p-N-phenylamidinophenoxy)propane dibenzene- 
sulphonate (Oxley, Partridge, and Short, Joc. cit.) (15-6 g.) and ethanolamine (6-1 g., 5 mols.) were heated 
together at 100° for 2 hours. The solid which separated on adding water (50 c.c.) afforded 1 : 3-di- 
(p-2-oxazolinylphenoxy)propane (1-9 g., 26%), m. p. 196—197°, as prisms on crystallisation from 
aqueous methanol (Found: N, 7-8. C,,H,,0,N, requires N, 7-6%). 


The author gratefully acknowledges his indebtedness to Mr. C. E. Coulthard, Dr. L. Dickinson, and 
Miss B. Croshaw for the biological tests, and to Drs. W. F. Short and D. A. Peak for their interest in 
the work. Thanks are due to Miss M. Birchmore and Miss F. Skidmore for carrying out the analyses. 
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566. Interaction of Halogens with (+)-Di-2-octyl Sulphite. 


By ARTHUR H. J. Cross and WILLIAM GERRARD. 


Chlorine readily interacted with the sulphite, R,SO,, of (+)-octan-2-ol, forming (—)-2-chloro- 
octane, accompanied by considerable loss in rotatory power, and the chlorosulphonate, 
RO-SO,Cl, whose interaction with pyridine resulted in the formation of pyridine—sulphur 
trioxide, and (—)-2-chloro-octane of the same rotatory power as the specimen obtained in the 
primary interaction. Similar observations were made when bromine was used instead of 
chlorine. It has Lage - been shown (Gerrard and Philip, Research, 1948, 1, 477) that (—)-2- 
chloro-octane and (—)-2-bromo-octane were obtained with inversion and very little loss in 
optical activity by the respective interaction of the halogen and the phosphite, (RO),;P. The 
spontaneous decomposition of the chlorosulphonate appears to be complex. 


WHEREAS pyridine hydrochloride was quantitatively precipitated and the sulphite, (R’O)(RO)SO, 
was formed when n-butyl chlorosulphinate, RO-SOCI, was added to an ethereal solution of ethyl 
lactate and pyridine, pyridine ‘“‘ sulphate ” was precipitated and n-butyl chloride was formed 
instead of the expected mixed sulphate, (RO)(R’O)SO,, when the sulphonate, RO*SO,Cl, was 
used in place of the sulphinate (Gerrard, J., 1940, 218). Baumgartin (Ber., 1926, 59, 1166) had 
previously obtained pyridine-sulphur trioxide, C,H,N,SO,, in 85% yield, by the interaction of 
ethyl chlorosulphonate and pyridine. Gerrard extended the methods of Bushong (Amer. Chem. 
J., 1903, 80, 212) and Levaillant (Ann. Chim., 1936, 6, 461) for the preparation of alkyl chloro- 
sulphonates to the hydroxy-ester, ethyl lactate. The chlorosulphonate of the last compound, 
when mixed with pyridine, afforded pyridine-sulphur trioxide, unaccompanied by chloride ion, 
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and the chloride, RCI, in 85% yield. Alkyl chlorosulphinates, RO-SOCI (Gerrard, J., 1936, 
688) behaved somewhat differently : the pyridine distributed itself between (a) the sulphur atom 
(thereby forming the alkyl chloride in less than 50% yield, together with presumably unstable 
pyridine-sulphur dioxide), and (b) the alkyl group (thereby forming the quaternary compound, 


RNC,H,OSOCI, in considerable yield). 

In the discussion of the experiments now to be described, R = 2-octyl, m-C,H,,*°CHMe*. The 
(—)-sulphite, (RO),SO, [from (+)-ROH] reacted readily with chlorine at — 10° and afforded the 
(—)-chloride, RCI, aj’ — 20°3°, and the chlorosulphonate, RO*SO,Cl, which reacted with pyridine 
to give pyridine-sulphur trioxide and the (—)-chloride, RCI, having the same rotatory power as 
the chloride primarily formed. It may be assumed that the configuration of R in the sulphite 
and in the chlorosulphonate is the same as in the alcohol from which these compounds are made 
by reactions not likely to disturb the bond between R and O of R—O—H. It therefore appears 


6 I a 


\ RO—SO,C1 
RO-$:<-Cl —> RO-S—cCl  —> + 
ie oo ¢ + RCl 
R 1 Cl>R: Inversion. 


II 0 
zo 


—Cl + Rt + @ 
+ 


—_—> RO—SO,Cl + RCl 
Retention 


that the chlorine atom became attached to the asymmetric carbon atom by at least two processes, 
one predominating and producing inversion, the other resulting in retention of configuration and 
thereby reducing the rotatory power. The annexed schemes are suggested. 

The inverted chloride, RCI, is probably due to mechanism I, and the loss in rotatory power due 
either to II, in which a planar carbonium ion is formed, or to III, in which a broadside approach 
of the chlorine molecule is postulated, or to the operation of both mechanisms. Disposition of 
the atoms in space is somewhat arbitrarily assumed in III, but the disposition depicted is not 
unlikely. 

. Gerrard and Philip (loc. cit.) obtained the (—)-chloride, without significant loss of activity, 
by the ready interaction of chlorine and tri-2-octyl phosphite, (RO),P [from (+)-ROH]. The 
suggested mechanism is formulated in IV: 


R 
(RO),POCI 


+ 

t RO—P—Cl —> RCl 

4 a + Inversion 
1d Cl->R: 


R R 
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The broadside mechanism V, and the carbonium-ion mechanism VI, evidently have low 
probability. That II is more probable than VI is acceptable, in consideration of the lower 
electron density on the sulphur atom. 

Pyridine may function as depicted in VII, the partial loss in activity being due either to the 
formation of a carbonium cation, or to an intramolecular mechanism similar to VIII, but with 
the chlorine atom approaching the asymmetric carbon atom. The primary reaction mixture 
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obtained by the interaction of sulphite and chlorine undergoes some decomposition on storage, 
one mode of decomposition being shown in VIII. The decomposition of the distillation residue 


\¢ ‘ vin GX 5 C,H, H ; 
/. i£- NC,H, / NZ™ VU C,H, H 


—> t a y Pa 
kK) <-- *) \NC,H, “| \/- > + HCl + so, 
Inversion H<g-S—O Partly 
~ ~ H, + H, reduced 


(from the washed ethereal solution of the primary mixture) did not appear to involve the 
elimination of hydrogen chloride; the water-soluble matter afforded sulphuric acid, but no 
chloride ion. 


EXPERIMENTAL. 


Materials. —Octan-2-ol was resolved by the method of Kenyon (J., 1922, 121° 2540). (—)-Di-2-octyl 
sulphite was obtained from (+-)-octan-2-ol as described by Gerrard (loc. cit.). Rotatory powers are 
recorded for / = 1 dm. 

Interaction of Chlorine and Sulphite——Into the (—)-sulphite, R,SO;, (4-54 g.), aj§ —8-4° [from 
(+)-ROH, a}® +3-95°], chlorine was slowly passed at —10°. After 30 minutes the mixture suddenly 
became green, when the theoretical increase in weight in accordance with the equation, R,SO, + Cl,> 
RCl + RO-SO,Cl, was achieved. The mixture was dissolved in ether and washed with 10 separate 
portions of dilute aqueous sodium carbonate, with the intention of hydrolysing the chlorosulphonate and 
extracting the half-ester. A final washing with distilled water afforded an aqueous layer free from 
chloride ion. Distillation of the dried ethereal solution led to the isolation of (—)-chloride (2-03 g,; 
calc., 2-20 g.), b. p. 70-3°/18 mm., a?? —10-04° (a?? —20-3° for fully active ROH), and a dark brown 
residue (1-82 g.) which decomposed, evolving octene and sulphur dioxide, when distillation was attempted. 

The aqueous washings of the ethereal solution contained 0-315 g. of chloride ion, whereas the weight 
calculated for complete hydrolysis of the chlorosulphonate was 0-526 g. It thus appears that the 
chlarosulphonate is but slowly hydrolysed to the acid, RO-SO,°OH, under these conditions. 

In a second experiment with the same sulphite (5-55 g.) the ethereal solution of the reaction mixture 
was washed with 4 portions of N-sodium hydroxide (distilled water then extracted no chloride ion), and 
from the dried ethereal solution the (—)-chloride (2-65 g.), b. p. 69°/20 mm., a?? —10-0° (for fully active 
ROH, a}? —20-1°), n? 1-4291 (Found : Cl, 23-82. Calc. for C,H,,Cl: Cl, 23-9%), and a residue (1-98 g). 
were obtained. The residue was coloured by carbonised matter and had an odour of sulphur dioxide 
(Found, for a filtered specimen : Cl, 15-3; S, 13-96. C,H,,0,CIS requires Cl, 15-5; S, 14-0%). 

In another experiment the residue (4-95 g. from 14-3 g. of sulphite) obtained as just described formed 
two layers after being kept for 4 days. The upper layer was dark brown and miscible with ether; the 
lower layer, blackened by small particles, was miscible with water. It is remarkable that the aqueous 
solution was acid and rich in sulphate ion (see later), but contained no chloride ion. After the last traces 
of ether had been removed from the dried ethereal solution by heating it for 10 minutes at 100°, a further 
separation of dark brown water-soluble liquid occurred. Therefore, the heating was continued at 100° 
for 24 hours, and the final mixture was treated with water and extracted with ether. The total aqueous 
extracts contained 1-26 g. of sulphuric acid, but no chloride ion. The ethereal solution afforded a 
mixture [3-09 g. (Found: Cl, 8-0%); a? —3-2°] of octene and 2-chloro-octane, and a residue (0-5 g.) 
(Found: Cl, 27-7%). 

In other experiments the residues described in the foregoing paragraph, when set aside at room 
be aha for several months, likewise separated into two layers, the water-soluble layer affording no 
chloride ion. 

Interaction of the Chlorosulphonate and Pyridine.—The product from the interaction of chlorine and 
sulphite [5-27 g.; ai® —13-59°; from (+)-ROH, a}$ +6-49°] was dissolved in ether and treated with 
pyridine (1-38 g.) at —10°. A white precipitate formed immediately, and, after 30 minutes at 0°, 
was separated and kept in a vacuum-desiccator for 48 hours. It then weighed 2-70 g. (Found: SO,, 
50-2. Calc. forC,;H,;N,SO, : SO;,50°3%). From the washed and dried ethereal solution, the (—)-chloride 
(4-69 g.; calc., 5-12 g.), b. p. 70°/21 mm., a?! —16-6° (a?! —20-4°, for fully active alcohol), was obtained. 

Decomposition of the Chlorosulphonate-—The reaction mixture from the sulphite [17-91 g., from 
(+)-ROH, a?’ +8-0°] and chlorine was divided into two parts. One (7-92 g.) was washed with a solution 
of sodium hydroxide and dried as described. Distillation afforded the chloride (2-95 g.), b. p. 70°/21 mm., 
a?} —20-2°, n° 1-4270 (Found: Cl, 23-8%), and a residue (0-96 g.). The other part (14-4 g.) was set 
aside at 15° in a vessel connected to an absorption vessel containing a solution of sodium hydroxide. 
Signs of decomposition were apparent after 2 hours, and a gas wasevolved. After 48 hours, a slow stream 
of nitrogen was passed through the mixture for 1 hour. The absorption liquid then contained Cl, 
0-933 g., and SO,, 0-161 g. 6-15 G. of there action mixture were dissolved in ether and washed as described. 
From the dried solution, the chloride (2-15 g.), b. p. 72—73°/23 mm., a3? —17-0° (Found : Cl, 23-9%), and 
a residue (2-07 g.) (Found : Cl, 14-2%) were obtained. It is clear that the yield of chloride has not been 
increased by the decomposition of the chlorosulphonate; but nevertheless the chloride has suffered some 
racemisation. 

Interaction of Sulphite and Bromine.—Into the sulphite (10-32 g.; from ROH, a?? +8-0°) bromine 
vapour was passed at —10°. Air was then passed to remove unchanged bromine, and the mixture was 
divided into 2 parts. One part (9-0 g.) was dissolved in ether and washed as described. Of the 1-54 g. 
of bromide ion available from the hydrolysis of the bromosulphonate, only 0-83 g. was actually extracted. 
From the dried ethereal solution, the bromide, RBr (3-04 g.), b. p. 82-5—84°/17 mm., a?! —18-2°, } 
1-4520, and a residue (3-45 g.) were obtained. 
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The other part (6-37 g.) of the mixture was dissolved in ether and treated with pyridine (1-10 g.). 
From the ethereal solution, the bromide (2-84 g.), b. p. 83—84°/17 mm., a7? —18-4°, n?? 1-4518, was 
obtained. 


The authors and Mr. N. H. Philip thank the Chemical Society for a grant to help to defray the cost 
of this investigation and the related one on phosphites. 


Tue NORTHERN POLYTECHNIC, HoLttoway, Lonpon, N.7. (Received, June 16th, 1949.) 





567. The Symmetrical Dianthryls. Part III. 
By F. Bert and D. H. Warne. 


9 : 9’-Dianthryl-3 : 3’-dicarboxylic acid has been obtained in stable optically active forms. 
“Intramolecular overcrowding’’ with consequent non-planarity has been detected in 
derivatives of 3:4:5:6-dibenzphenanthrene. Attempts to synthesise molecules with a 


greater degree of overcrowding by processes involving pinacol reductions or diene additions 
have been unsuccessful. 


In Part II (this vol., p. 1579) it was shown that 1: 1’-dianthryl can readily be obtained in 
optically active forms of considerable stability. This shows that the molecule is non-planar, 
a point which is further confirmed by the very 
close resemblance of the ultra-violet absorption Tess 
spectrum of this hydrocarbon to that of anthracene . ' :1- Dianthry!. 
(see figure) * (see Jones, J. Amer. Chem. Soc., 1945, H 
67, 2127, for a discussion on ultra-violet spectra). } 
The carbon bond in position 1: 1’ must have a high H 
resistance to distortion. \ 

It follows that 9:9’-dianthryl (I) should be \ 
permanently non-planar and that any unsymmetric- ‘ 
ally substituted 9:9’-dianthryl should exist in H 

\ 
' 
i 





------- Anthracene. 
(Solvent, MeOH) 


enantiomorphous forms of high optical stability. 
A survey of the literature showed that no such 
appropriately substituted 9 : 9’-dianthryl had been 
described and, therefore, a synthesis of 9: 9’- 
dianthryl-3 : 3’-dicarboxylic acid (II) was worked 
out. 2-Methylanthraquinone was reduced, and the 
resultant mixture of anthrones separated by Barnett 
and Goodway’s method (j., 1929, 1754). The 
3-methylanthrone so obtained was reduced to 3: 3’- 
dimethyl-9 : 9’-anthrapinacol by aluminium amalgam 
and the pinacol was then dehydrated to yield : : 
3: 3’-dimethyl-9 : 9’-dianthryl. Oxidation of this 2500 3000 
with chromic acid gave 9: 9’-dianthryl-3 : 3’-di- Wave-length, A. 
carboxylic acid, which was resolved into optically 
active forms by crystallisation of the quinidine salt. The enantiomorphous forms, [a] 54., + 129° 
and — 132° (acetone, c = 0°10) were completely unchanged in rotatory power when boiled in 
xylene solution for 2 hours. 
3:4:5:6-Dibenzphenanthrene (III) is closely related to the systems under discussion. 
It is impossible without either (a) distortion of the ring systems or (b) adoption of a non-planar 
form to accommodate the hydrogen atoms in positions 4’ and 1” (A and A’). The second 
possibility envisaged, which may be conveniently termed “ intramolecular overcrowding,” 
would result in the existence of enantiomorphous forms. To test this, 3:4: 5: 6-di- 
benzphenanthrene-9 : 10-dicarboxylic acid (IV) was combined with various alkaloids. Only 
the morphine salt was suitable for crystallisation. This was found to exhibit marked and rapid 
mutarotation in solution. From this result it was expected that the acid recovered from the 
alkaloidal salt would be optically inactive, and this was found to be so. In order to increase 
the optical stability, 4’ : 4” : 6’ : 6”-tetramethyl-3 : 4 : 5 : 6-dibenzphenanthrene-9 : 10-dicarboxylic 
acid (V) was prepared by Newman’s method (J. Amer. Chem. Soc., 1940, 62, 1683). 
Crystallisation of the morphine salt furnished fractions of markedly different rotatory power. 


* Since 1 : 1’-dianthryl is racemised above 120°, the molecule must then be able to assume a planar 
form and the ultra-violet absorption spectrum might be expected to show new features. 
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The fraction of [«]s4., — 182° on decomposition with cold hydrochloric acid gave the free acid 
with an initial [«],,,, —47°2° in acetone solution. This rotation rapidly fell and was zero 
after 5 hours. The alkaloidal salt from the mother-liquor, treated in the same way, gave the 
free acid with an initial [«],,,, + 18° in acetone solution. 


(XXY 
W\A4 


(lll; R = H, R’ =H) 
(IV; R = CO,H, R’ = H.) (VII; R = CH,.) 
(V; R = CO,H, R’ = CH;.) 


To increase still further the overcrowding in positions A and A’, we attempted the synthesis 
of (VI) and (VII). 5: 8-Dimethyl-3 : 4-dihydro-1: 1’-dinaphthyl (VIII) was prepared by 
dehydration of the alcohol obtained by the interaction of 5: 8-dimethyl-l-tetralone with 
a-naphthylmagnesium bromide. This diene failed to interact with maleic anhydride under 
the usual conditions. 

Next, 5: 8-dimethyl-1-tetralone was submittted to reduction under conditions which give 
an excellent yield of the pinacol of 5: 7-dimethyl-l-tetralone, but no pinacol was obtained, 
the bulk of the tetralone being recovered unchanged and the residue being resinous. 

This lack of success emphasizes the difficulty of preparing molecules which might be 
expected to be strained and distorted by overcrowding of the component atoms. The pinacol 
synthesis, which probably involves a preliminary union of the oxygen atoms of two ketone 
molecules with a metallic atom, would require for its successful completion an almost planar 
structure in which the two uniting carbon atoms encounter a minimum of resistance to close 
approach (compare Barnett, Ber., 1932, 65, 1563). Similarly, all the available evidence (for 
summary, see “‘ Organic Reactions,” Vol. IV, p. 35, Wiley, 1948) points to the necessity for 
an almost planar diene for the successful addition of the dienophil. 

The literature reveals descriptions of five compounds (excluding complex dyes) in which 
overcrowding is present or might be expected. Four of these, namely, picene-12: 13-di- 
carboxylic acid (Waldmann and Pitschak, Annalen, 1937, 527, 183), 6 : 7-dimethylchrysene 
(Newman, J. Amer. Chem. Soc., 1940, 62, 2295), 4:5: 8-trimethyl-1-phenanthrylacetic acid 
(Newman and Husey, ibid., 1947, 69, 978, 3023), and 4-methyl-5 : 6-benz-1-phenanthrylacetic 
acid (Newman and Wheatley, ibid., 1948, 70, 1913), have been prepared by ring closures remote 
from the conflicting groups. The fifth, 5-formylphenanthrene-4-carboxylic acid, has been 
prepared by the rupture of a carbon-carbon bond in pyrene by ozonolysis (Vollmann, Becker, 
Corell, and Streeck, Annalen, 1937, 581, 149). Reactions of the pinacol and diene addition 
types appear to be possible only if the resistance to planarity is slight (although sufficient to 
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be detectable by mutarotation and the much less descriminating method of ultra-violet 
absorption spectroscopy). To obtain further evidence on this point we next studied 4 : 7-di- 
methylindan-l-one (IX) (Plattner and Wyss, Helv. Chim. Acta, 1941, 24, 483). This was 
reduced to the pinacol and the latter dehydrated by boiling it with acetic acid to yield a 
4:4’: 17: 7'-tetramethyldi-indenyl, the overall yield being 50%. The product formed colourless 
needles, m. p. 178°. Straus, Kuhnel, and Haensel (Ber., 1933, 66, 1847) obtained 3 : 3’-di- 
indenyl by an indirect process and describe it as yellow prisms, m. p. 130°5—131°5°. It may 
be, therefore, that the above tetramethyldi-indenyl, which does not undergo reaction with 
maleic anhydride, is a 1: 1’-di-indenyl and not the expected tetramethyl-3 : 3’-di-indenyl (X), 
although the compound underwent no change on warming with sodium methoxide, an agent 
which converts 1 : 1’-di-indenyl into the presumably more stable 3 : 3’-di-indenyl. 
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EXPERIMENTAL. 


(Analyses and ultra-violet absorption spectra are by Drs. Weiler and Strauss, Oxford. M. p.s are 


3-Methyl-9-anthrone.—A solution of 2-methylanthraquinone (200 g.) in 90% sulphuric acid (4000 g.) 
was treated gradually with fine aluminium powder (36 g.), with stirring, during 4 hours. The solution 
became greenish-yellow when the reaction was completed, and the product was poured on crushed ice. 
The precipitated mixture of anthrones was washed free from acid and air-dried while protected from 
light. The crude dried product was treated according to Barnett and Goodway (loc. cit.) and yielded 
23 g. of 3-methyl-9-anthrone, m. p. 102° (overall yield from the pce ese oars 12%). 

3: 3’-Dimethyl-9 : ple ini, son ene Ein solution of 3-methyl-9-anthrone (23 g.) in absolute ethyl 
alcohol (120 c.c.) and sulphur-free benzene (80 c.c.) was treated according to Newman (J. Amer. Chem. 
Soc., 1940, 62, 1683) with aluminium foil (5 g., freshly scratched) and mercuric chloride (0-3 g.). A 
further 100 c.c. of absolute alcohol were added to the thick reaction mass after 3 hours, and the mixture 
was heated under reflux forafurther3 hours. After decomposition with water and hydrochloric acid the 
solvents were removed in steam. The residual solid, when crystallised from methyl alcohol, yielded 
3: 3’-dimethyl-9 : 9’-anthrapinacol (20 g.) as fine colourless needles, m. p. 166° (88% yield) (Found: 
C, 86-2; H, 6-1. Cy 9H,,O, requires C, 86-0; H, 6-2%). 

3 : 3’-Dimethyl-9 : 9’-dianthryl.—A solution of the above pinacol (18 g.) in glacial acetic acid (200 c.c.) 
was treated with 180 c.c. of 70% sulphuric acid, and heated on a water-bath for 5 hours. The crude 
product, obtained by precipitation with water, was crystallised from benzene-light petroleum, and 
yielded 3 : 3’-dimethyl-9 : 9’ dianthryl (9-8 g.) as colourless plates, m. p. 268° (60% yield) (Found: C, 
94-2; H, 5-9. CyoHy, requires C, 94-2; H, 5-8%). 

9 : 9’-Dianthryl-3 : 3’-dicarboxylic Acid.—A solution of the above dianthryl (18 g.) in glacial acetic 
acid (500 c.c.) was treated gradually with chromic acid (32 g.). The deep red solution was heated under 
reflux for 5 hours and poured into water, and the precipitate extracted with sodium carbonate solution. 
The unchanged insoluble material (about 6 g.) was reoxidised by the above method. The combined 
aqueous alkali extracts on acidification yielded a flocculent yellow precipitate which was filtered off and 
dried. Crystallisation from glacial acetic acid gave 9-8 g. (47%) of 9 : 9’-dianthryl-3 : 3’-dicarboxylic 
acid as a pale yellow mpanere cet grotayss m. p. 198—200° (Found: equiv., 222-2. C,.H,,O, requires 
equiv., 221), smoothly convert by excess of chromic acid into anthraquinone-2-carboxylic acid, 
m. p. 291° (Found: equiv., 254. Calc.: equiv., 252). 

Resolution. The finely powdered acid (9-2 g.) was added slowly to a solution of quinidine (15 g.) in 
alcohol (250 c.c.). The clear solution was allowed to cool overnight, and the fine crystalline powder which 

ted weighed 9-5 g.; [a]%},, was —127° (chloroform, c = 0-09). Three subsequent crystallisations 
from alcohol brought the salt to the constant rotatory power of (alge —153°. The salt (5-2 g.) on 
decomposition yielded 1-9 g. of acid which when crystallised from acetic acid gave fine needles, m. p 


146—150°, [a]fig, —132° (acetone, c = 0-10). The rotation and m. p. were unchanged by a further 
isation. 


The original mother-liquor when concentrated to 100 c.c. and kept overnight deposited 4-3 g. of a 
white amorphous powder. The filtrate was evaporated to dryness, and the salt when decomposed gave 
3-4 g. of acid, m. p. 141—146°, [a]?},, +123° (acetone, c = 0-09). Two crystallisations from acetic 
acid gave material of [a]?!,, +129°, m. p. 145—146°. The rotation of the (+)-acid in xylene was 
unchanged after it had been heated under reflux (b. p. 139°) for 2 hours on an oil-bath. 

3: 4:5: 6-Dibenzphenanthrene-9 : 10-dicarboxylic Acid.—The anhydride of this acid (15 g.; Weidlich, 
Ber., 1938, 71, 1203) was suspended in 10% potassium hydroxide solution (100 c.c.) and heated under 
reflux for 15 minutes. A white crystalline deposit of the potassium salt separated, which was dissolved 
by addition of 400 c.c. of water and boiling. The clear solution was poured into excess of dilute 
hydrochloric acid, and the pale yellow precipitate of 3:4: 5 : 6-dibenzp nthrene-9 : 10-dicarboxylic 
acid filtered off and air-dried (15-5 g., 98%), m. p. indefinite (shrinkage and decomposition with conversion 
into the anhydride) (Found: equiv., 184-5. H,,0, requires equiv., 183). 

Alte resolution. Quinine, quinidine, brucine, cinchonine, cinchonidine, and strychnine all 
failed to give satisfactory salt formation. The acid (6-5 g.) in alcohol (150 c.c.) was treated at the boil 
with finely powdered morphine (11-8 g.). When dissolution was complete the mixture was cooled and a 
white crystalline solid was obtained after seeding and vigorous scratching. After being kept overnight 
in a refrigerator, this was filtered off and washed with a little alcohol; 12-5 g., [a]?4,, —165° (chloroform, 
¢=1-0). Recrystallisation from alcohol yielded 8-4 AS of the morphine salt, [a —182° (chloroform, 
¢=1-0) (Found: N, 2-16. C,,H,,0,N’ requires N, 2-15%). small quantity of the salt when 
crystallised further showed a decrease in optical activity ([a —174°). e original mother-liquor 
was evaporated to crystallising point and yielded 4-3 g. of salt, [a],44, —149° (chloroform, c = 1-0), the 
rotation being unchanged by further recrystallisation. The acid ‘Obtained by decomposition of either 
fraction of the morphine salt was found to be inactive. A sample of the salt having the highest activity 
obtained, [a],4¢, —182° in chloroform solution (c= 2-0), was placed in a polarimeter tube at room 
tem: ture, and the rotation observed at intervals as shown below. Finally, the solution was kept 
for 24 hours, but no further change could be observed. 


1 2 4 6 8 24 
—6-96° —6-68° —6-48° —6-20° —6-12° —6-0° 
—174° —167° —162° — 155° —153° —150° 


Tetramethyl-3 : 4 : 3’ : 4’-tetrahydro-1 : 1’-dinaphthyl_—Reduction of 5 : 7-dimethyl-1-tetralone (20 g.) 
in the usual way and treatment of the resulting pinacol with glacial acetic acid yielded 5:7: 5’: 7’-tetra- 
methyl-3 : 4 : 3’ : 4’-tetrahydro-1 : 1’-dinaphthyl (16 g.), which crystallised in stout colourless needles, 
m. p. 185—136°, from acetic acid (Found: C, 91-8; H, 8-3. C,,H3, requires C, 91-7; H, 83%). 
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4’: 6 : 4” : 6-Tetramethyl-1 :2:7:8:9: 10:11: 14-octahydro-3 : 4: 5 : 6-dibenzphenanthrene- 
9: 10-dicarboxylic Anhydride.—(a) With use of xylene as solvent. A solution of the above diene (3 g.) 
and an equal weight of maleic anhydride in dry xylene (20 c.c.) was heated under reflux on an oil-bath 
for 3 hours. The solvent was removed by steam, and the residue separated by fractional crystallisation 
from acetic acid into two components: (i) the unchanged diene which was the more soluble (1-2 g.), and 
(ii) the adduct, which cayeteliined in thick prisms, m. p. 210—212° (0-8 g.) (Found: C, 81-7; H, 67, 
C,,H,,0; requires C, 81-5; H, 6-8%). 

(b) With use of nitrobenzene as solvent. A mixture of 14 g. each of maleic anhydride and the diene 
was heated under reflux in 100 c.c. of dry nitrobenzene for 3 hours, and the solvent removed as above; 
the material was dried and on crystallisation from acetic acid yielded a fine crystalline powder (8-5 g.), 
m. p. 198—225°. Close examination showed it to be a mixture of yellow and colourless crystals which 
could not be separated by further crystallisation. Since this material (which was presumed to be 
partly dehydrogenated) and the pure adduct from the xylene condensation yielded the same product 
on treatment with lead tetra-acetate, no further purification was attempted. 

4’ : 6’: 4” : 6’-Tetramethyl-1 : 2: 7 : 8-tetrahydro-3 : 4: 5 : 6-dibenzphenanthrene-9 : 10-dicarboxylic 
Anhydride.—A solution of the above adduct (7-5 g.) and lead tetra-acetate (13-5 g.) in a mixture of 
glacial acetic acid and acetic anhydride (20 c.c. of each) was heated at 100° for 1 hour with stirring. 
The solution on cooling deposited 3-1 g. of yellow crystalline needles, m. p. 245—246°. Recrystallisation 
from acetic acid yielded the anhydride (2-5 g.) as yellow needles, m. p. 247° (Found: C, 82-1; H, 5-7. 
C,,H,,05 requires C, 82:3; H, 59%). 

4’: 6’: 4’’: 6’’-Tetramethyl-3 : 4 : 5 : 6-dibenzphenanthrene-9 : 10-dicarboxylic Anhydride.—An intimate 
mixture of the above tetrahydro-compound (2-4 g.) and palladium—charcoal catalyst (0-20 g.) contained 
in a hard-glass test-tube was heated at 340—350° for 2 hours. There was a brisk evolution of hydrogen, 
and, after being cooled, the product was ground to a fine powder in a mortar. The organic materia] 
was extracted with a little hot benzene. The solvent was removed by vacuum, and the crystalline 
residue digested with a little sodium carbonate solution, filtered off, and dried. Four crystallisations 
from xylene yielded 0-53 g. of 4’ : 6’ : 4’’ : 6’’-tetramethyl-3 : 4 : 5 : 6-dibenzphenanthrene-9 : 10-dicarboxylic 
anhydride as orange needles, m. p. 297—298° (Found: C, 83-4; H, 4-8. C,H, O; requires C, 83-2; 
H, 4:9%). 

4’: 6: 4’ : 6’’-Tetramethyl-3 : 4 : 5 : 6-dibenzphenanthrene-9 : 10-dicarboxylic Acid.—The anhydride 
| on g.) was hydrolysed as above with 10% —— hydroxide. The dried product was crystallised 

rom acetic acid and yielded the acid as a fine yellow crystalline powder which sintered above 300° 


(Found : equiv., 212. C,,H,,O, requires equiv., 211). , 
Resolution. Finely powdered morphine (0-71 g.) in alcohol (25 c.c.) was treated at the boil with 
0-493 g. of the acid. The resulting solution was left overnight after being well cooled and scratched 
vigorously. The fine white powdery salt which separated was dried in a vacuum, desiccator; yield 
0-92 g., [a]?9,, —123°. Crystallisation from alcohol (18 c.c.) gave 0-54 g. of salt, [a]?2,, —173°, this value 


being increased to [a]?9,, —182° (chloroform, c = 0-95) by a further crystallisation from alcohol (12 c.c.). 
The salt was decomposed by shaking it with cold dilute hydrochloric acid, and the yellow flocculent 
precipitate was dissolved in cold sodium hydroxide, reprecipitated, filtered off, washed, and sucked as 
dry as possible on the pump. The slightly damp acid was shaken with cold acetone until dissolved; 
the filtered solution (20 c.c.) showed a rotation of —0-52° decreasing to —0-32° after one hour, —0-20° 
after 3 hours, and after 5 hours was too small to be observed with accuracy. The acetone solution 
and the washings of the polarimeter tube were evaporated to dryness, whereupon the weight of the acid 
in solution was found to be 0-11 g., giving an initial specific rotation of [a]%%,, —47-2°. The original 
mother-liquor of the salt was diluted with water, decomposed as above, and the slightly damp acid gave 
an observed rotation of +0-18°, corresponding to a specific rotation of approximately +18°. 

5 : 8-Dimethyl-3 : 4-dihydro-1 ; 1’-dinaphthyl—The Grignard reagent prepared in the usual way 
from 1-bromonaphthalene (20 g.) in anhydrous ether (100 c.c.) was treated slowly with a solution of 
5 : 8-dimethyl-1-tetralone (16 g.) in anhydrous ether (50 c.c.). After the initial vigorous reaction had 
subsided the mixture was heated under reflux for one hour and worked up in the usual way. The 
naphthalene was steam-distilled, and the semi-solid residue extracted with benzene. After removal 
of the solvent, the residue was heated under reflux for 2 hours with acetic acid and, on cooling, the solution 
deposited colourless plates of 5 : 8-dimethyl-3 : 4-dihydro-1 : 1’-dinaphthyl (5-3 g.), m. p. 112° unchanged 
by recrystallisation from alcohol (Found: C, 93-0; H, 7:0. CggHg requires C, 92-9; H, 7-1%). 

Treatment of 5 : 8-Dimethyl-3 : 4-dihydro-1 : 1’-dinaphthyl with Maleic Anhydride.—A solution of the 
above diene (4-4 g.) and maleic anhydride (3-0 g.) in dry xylene (40 c.c.) was heated under reflux for 
3 hours. The solvent was removed by steam, and the diene recovered unchanged. 

Attempted Pinacolic Reduction of 5 : 8-Dimethyl-1-tetralone.—A solution of 5 : 8-dimethyl-1-tetralone 
(28 g.) in absolute alcohol (200 c.c.) and sulphur-free benzene (133 c.c.) was treated in the usual way 
with aluminium foil (freshly cleaned; 8 g.) and mercuric chloride (0-5 g.). After being heated under 
reflux for 6 hours the ketone (21 g.) was recovered unchanged. The small quantity of residue was 
boiled for 2 hours with glacial acetic acid (10 c.c.) and gave 3 g. of a viscous oil, b. p. 215—220°/10 mm., 
which set to a resinous solid and did not yield an adduct with maleic anhydride. 

4: 1-Dimethylindanone (cf. Plattner and Wyss, loc. cit.).—2: 5-Dimethylbenzyl chloride, b. p. 
93°/12 mm., reacted immediately with ethyl sodiomalonate (5-hours’ heating is unnecessary). The 
derived 2: 5-dimethylbenzylmalonic acid was obtained as a white crystalline solid. Cyclisation of 
B-2 : 5-dimethylphenylpropionic acid yielded at once the pure indanone, m. p. 79° (yields as in literature). 

4: 7:4’: 7'-Tetramethyldi-indenyl.—A solution of 4 : 7-dimethylindanone (30 g.) in absolute alcohol 
(225 c.c.) and sulphur-free benzene (150 c.c.) was reduced in the usual way with amalgamated aluminium 
foil (9 g.). The product was boiled with glacial acetic acid (100 c.c.) for 2 hours, and the white powder 
which separated on cooling was crystallised several times from acetic anhydride, yielding the di-indenyl 
as fine colourless needles, m. p. 178° (12-5 g., 50%) (Found: C, 91-9; H, 7-5. CygH,, requires C, 92:3; 
H, 7-7%). A similar experiment with iedaiel-oue yielded only an orange-coloured complex material 
which could not be obtained crystalline from any of the usual solvents. 
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The above diene was recovered unchanged after being boiled for 2 hours with 2 moles of maleic 
anhydride in xylene. 


One of the authors (D. H. W.) is in receipt of a grant from the Department of Scientific 
and Industrial Research for which he wishes to express his indebtedness. 
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568. The Condensed Phosphoric Acids and their Salis. Part IV. 
Dissociation Constants of Some Trimetaphosphates. 


By H. W. Jonss, C. B. Monk, and C. W. Davis. 


By addition of various bivalent metal chloride solutions to solutions of sodium trimeta- 
phosphate, the dissociation constants of the corresponding MP,O,’ ions have been determined 
by analysis of the resulting conductivities. The conductivities of nickel chloride solutions 
at 25° from 0-0002 to 0-004N. are reported. 


Ir has been shown (Davies, J., 1938, 448) that the deviations, from additivity, of the con- 
ductivities of solutions of mixed salts may be almost entirely accounted for if the dissociation 
constants of the possible ion-pairs are taken into consideration. These deviations become 
more marked with ions of higher charge, and in the present instance they have been used 
to calculate the extent of association between M™ and P,O,’” ions. The trimetaphosphate ion 
has previously been well characterised by conductivity studies (Davies and Monk, this vol., 
p. 413). 

The method used to obtain the results reported below consisted of adding various chlorides, 
MCl,, to solutions of sodium trimetaphosphate, and measuring the resultant specific con- 
ductivities. To evaluate the extent of formation of MP,O,’ ions, the following treatment was 
used. For a solution containing c, equivalents per 1. of sodium trimetaphosphate and c, of 
MCl,, if a g.-ions of NaP,O,” and b g.-ions of MP,O,’ are present per 1., then 

108x(obs.) = Ayy-(C, — @) + 3Ap,o,-(C,/3 — a — b) + 2Ayap,o,-(4) 
+ 2Ay.. (¢g/2 — b) + Aor(¢) + Aup,o,-(6) 
where x is the specific conductivity. It is assumed that no MCI’ ions are present, as judged by 
the available evidence (Righellato and Davies, J., 1930, 592). The value of a is slightly different 
from what it would be in sodium trimetaphosphate solutions of the same ionic strength as the 
mixtures, but this difference may be regarded as negligible. Thus if the conductivity of the 


MP,0O,’ ion is taken as one-third of that of the trimetaphosphate ion, the above equation reduces 
to 


10%«(obs.) = ¢,Aya,p,o, + CoAmcr, — 2$bAp,o, — 2bAy.. 
where the first two equivalent conductivities can be found from known data. The equivalent 
conductivities of the two ions can be found from the corresponding Onsager equations 
| Ap,oy = 83°59 — 141-014 
and Ay.. = A®%y.. — BIt 


where 83°59 is the conductivity at zero concentration of the trimetaphosphate ion (Davies 
and Monk, Joc. cit.) and 141-0 is calculated with respect to the sodium ion. B is the theoretical 
Onsager value for the M™ ion calculated with respect to the chloride ion. The ionic strength 
I = 4(4c, + 3c, — 6a — 126), a being obtained from the dissociation constant of sodium 
trimetaphosphate (Davies and Monk, Joc. cit.); b is at first ignored until a first value for the 
dissociation constant of MP,O,’ has been obtained. Better values of a and b are then calculated 
by successive approximation. If no MP,O,’ formation occurred, we would have 


10%x(calc.) = ¢,Ana,p,o, + °2Amon 
Hence by subtraction, 


10°{x(calc.) — x(obs.)} = b(2§Ap,o, + 2Ay..) 
With the final values of a and b, the dissociation constant K for the equilibrium MP,O,’ ==> 
M” + P,O,’” can be calculated from 
io (M")[P30."" If fe es (c,/2 — b)(c,/3 — a — dif, 
[MP;0,'} fs bfs 
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where the ion-activity coefficients f,, f,, and f, are found from the Debye—Hiickel limit; 
equation, log f; = — 0°509z,I*, z; being the ion valency. The data are givenin Table I. The 
calculated specific conductivities were obtained by plotting the equivalent conductivities 
against J* and interpolating, and the concentrations of the MCI, stock solutions were determined 
gravimetrically. The conductivities of calcium, barium, and magnesium chloride were taken 
from the literature (Shedlovsky and Brown, J. Amer. Chem. Soc., 1934, 56, 1066). That of 
manganous chloride was kindly supplied by Dr. J. C. James (The University, Glasgow); for 
this salt A, = 129°4 and Onsager’s treatment shows it to be completely dissociated at high 
dilutions. No conductivities were available for dilute solutions of nickel chloride at 25°, so 
these have been measured and are given in Table II and the figure; in the latter the line is 
drawn with the theoretical Onsager slope, and dissociation at these low concentrations is clearly 
complete. Extrapolation gives Ay = 130°0;, so by taking 76°34 for the chloride ion (Harned 
and Owen, “‘ Physical Chemistry of Electrolytic Solutions,”’ Reinhold Publ. Co., 1943), 53-7, 
is the limiting mobility of the nickel ion. 

The average dissociation constants, all x 10, are: calcium, 3°5,; barium, 4-5); magnesium, 
4°8,; manganese, 2°7,; and nickel, 6°0,. There are no comparable figures except in the case 
of calcium for which solubility studies give 3°3 (Davies and Monk, /oc. cit.). 


TABLE I. 
Data for the dissociation constants of MP,O,’ at 25°. 
10*c,. 10*c,. 10%a. 10%.  10%«(calc.). 10% (obs.). 10°. 


M” = calcium. 


10-045 7-198 : 0-891 2-1666 1-8860 2-502 
9-985 14-086 ‘ 1-373 3-0157 2-5890 3-286 
9-800 28-629 ° 1-887 4-7738 4-2020 5-121 


z 
mx 


7-994 6-448 , 0-697 1-8228 1-6021 2-155 
7-937 12-030 , 1-038 2-5181 2-1931 2-786 
7-803 25-491 ‘ 1-461 4-1609 3-7154 4-451 


ADR Was 


BES Coe 


M* = barium. 
10-639 3-510 ‘ 0-454 1-7784 1-6285 2-381 
10-548 7-021 . 0-812 2-2227 1-9629 2-696 
10-387 16-152 . 1-320 3:3712 2-9503 3-728 


S co 
= Noe 


9-297 3-197 58 - 0-358 1-5774 1-4591 2-118 
9-242 6-379 0-665 1-9866 1-7716 2-413 
9-124 13-190 ‘ 1-079 2-8504 2-5060 3-175 


i 


SSS 


** = magnesium. 
7-364 5-841 : 0-515 1-6314 1-4748 2-088 
7-267 13-130 ° 0-843 2-4918 2-2394 2-931 
7-166 26-054 1-122 3-9855 3-6590 4-799 


6-764 7-039 ° 0-555 1-7061 1-5374 2-076 
6-718 13-202 . 0-804 2-4357 2-1947 2-857 
6-639 24-321 j} 1-029 3-7281 3-4267 5-375 


** = manganese. 
9-451 7-510 : 1-073 2-0886 1-7640 2-355 
9-385 12-710 “ 1-447 2-7005 2-2673 2-902 
9-234 24-527 . 1-839 4-0625 3-5246 4-435 


7-091 8-849 0-910 1-9624 1-6861 2-166 
7-044 13-831 1-170 2-5548 3°5117 2-779 
6-935 25-118 1-398 3-8615 4-3337 4-334 


s&s 


Rotors te kote 
@-] 
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M”™ = nickel. 


6-267 3-025 ‘ 2-227 11518 1-0882 1-670 
6-227 6-277 3-903 1-5462 1-4262 2-122 
6-146 13-051 . 6-167 2-3435 2-1597 3-094 


38s 


6-265 3-148 3 2-203 1-1732 1-1051 1-689 
6-229 6-183 3-888 1-5347 1-4161 2-112 
6-150 12-699 0- 6-112 2-3033 2-1198 3-043 
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TABLE II, 
Conductivity of nickel chloride at 25°. 


10®xg,0.- 10*c. A. Run. 10®xg,0. 10*c, 
0-232 2-1550 127-58 2 0-233 2-7232 
4-4397 126-41 6-7205 
79681 125-20 12-691 
10-852 124-35 21-831 
13-710 123-72 42-223 
17-259 122-96 


(c, in equivalents per 1.) 


TaBLe III. 
Dissociation constants of some ion-pairs. 


Nitrate 


1 Stock and Davies, Trans. Faraday Soc., 1948, 44, 856; * Davies, J., 1938, 277; Hoyle and 
Davies, unpublished ; * Davies, J., 1939, 349; * Davies, Trans. Faraday Soc., 1927, 28,351; § Money 
and Davies, ibid., 1932, 28, 609; ® Stock and Davies, this vol., p. 1371; 7 Righellato and Davies, 
Trans. Faraday Soc., 1930, 26, 592; * Davies, J., 1930, 2410; * Davies, J., 1938, 271; #© Macdougall 
and Davies, J., 1935, 1416. 


The dissociation constants obtained by the conductivity method correspond on Bjerrum’s 
electrostatic theory of ion association to the following values for the closest approach of the 
M” and trimetaphosphate ions : Ca, 42; Ba, 4°4; Mg, 4°5; ue 
Mn, 4:0; and Ni, 4°8 a. | | 

An interesting feature of the results is that the calcium 
salt has a lower dissociation constant than either the 
magnesium or the barium salt. In Table III the data are 
compared with some previous results, and it is possible to 
trace in a qualitative way the relative importance of the 
two factors on which the measured dissociation constants 
mainly depend, i.e., the hydration energy of the cation, 
and the energy of interaction of the associating ions. 

In the hydroxides no water molecules can intervene 
between cation and hydroxy-group, and the order is that 
of the radii of the unhydrated cations. The interaction 
energy also predominates in the weak oxalates—where 
chelation probably occurs at any rate with the smaller 
cations—and to a markedly lesser extent in the malonates. 
With the nitrates, iodates, and some other inorganic salts, 
on the other hand, only moderate electrostatic forces seem 
to be involved in the interaction energy, and the order of 
strength is reversed, the most strongly hydrated cation - 
giving the highest K. In the 2—3-valent salts considered 0-02 j 0-04 
here the stronger electrostatic attraction appears to balance ¢ 
more equally the solvation energy, thus leading to the irregular order of dissociation constants. 
The same phenomenon has been found with 1-l-valent salts in solvents of lower dielectric 
constant (Davies, ‘‘ Conductivity of Solutions,’’ 2nd Edn., p. 231, Chapman and Hall, 1933). 














EXPERIMENTAL, 


Sodium trimetaphosphate was prepared by the method described previously (Davies and Monk, 
loc. cit.). ‘‘ AnalaR’’ Chlorides were used without further purification, and duplicate gravimetric 
silver chloride analyses on the stock solutions were +0-03% or better in all cases. The equipment for 
- eee aly measurements has been described previously (Davies, J., 1937, 432; Davies and 

onk, loc. cit.). 


EpwarD DaviEs CHEMICAL LABORATORIES, 
ABERYSTWYTH, WALES. (Received, June 13th, 1949.]} 
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569. Researches on Acetylenic Compounds. Part XXI. 
Reformatsky Reactions with Propargyl Bromides. 


By H. B. Hensest,* E. R. H. Jones, and I. M. S. Watts. 


It has been shown that propargyl bromide undergoes a Reformatsky type of reaction with a 
variety of carbonyl compounds to give By-acetylenic carbinols in good yields. These carbinols 
are required as intermediates for syntheses of compounds related to the plant-growth hormones, 
auxin-a and auxin-b. Substituted propargyl bromides also undergo this reaction with carbonyl 
compounds. 


In an earlier publication from these laboratories it has been shown (Jones and Whiting, this 
vol., p. 1419) that By-acetylenic carbinols of the general formula HO*-CHR:-CH,°C:CH, prepared 
from 1: 2-epoxides and sodium acetylide, can be converted into 4-hydroxy-5 : 6-dihydro-2- 
pyrones. The importance of these pyrones is that they possess structures analogous to the 
lactone of auxin-b (I) as formulated by Kégl, Haagen-Smit, and Erxleben (Z. physiol. Chem., 
1934, 225, 215). However, as a route for the synthesis of auxin-b and analogues, the above 
method is seriously limited by the inaccessibility of appropriate 1 : 2-epoxides. Attention has 
therefore been directed towards finding more convenient methods for preparing Py-acetylenic 
carbinols. Zeile and Meyer (Ber., 1942, 75, 356) reported that propargyl bromide condenses 
with cyclohexanone in the presence of zinc to give the carbinol (II) in 50% yield. The ethynyl 
group evidently activates the «-bromine atom in a similar manner to the ester group in the normal 
Reformatsky reaction. Two other products were also isolated, viz., cyclohexylidenecyclo- 
hexanone, and the glycol (III), the latter presumably formed by condensation of the carbinol 
(II) with cyclohexanone, catalysed by the basic BrZn-derivative of the carbinol (II). 


Bu® 


CH,yC=CH ACSC 
{CHOW CHyCO-CH, COWH CX CX 
Bu 


OH OH HO 
(I.) (II.) (III.) 


The generality of this reaction has been explored and it has now been shown that propargyl 
bromide condenses readily with aldehydes to give the required Py-acetylenic carbinols in ca. 70% 
yields. Carbinols have been obtained where R = Pr", Me*CH.CH, or Ph [and also #-C,H,Cl, 
Ph:CH:CH, or cyclopentenyl (forthcoming publications)]. It was not possible, however, to 
obtain a carbinol from acraldehyde, much polymerisation taking place. In these reactions with 
aldehydes, acetylenic glycols analogous to (III) (i.e., HO*CHR*CH,*C:C*-CHR-OH) were formed 
in less than 10% yields; but only the crystalline diphenyl compound was isolated in a pure state. 

The reaction between propargyl bromide and ketones has also been investigated. cyclo- 
Hexanone yielded the crystalline 3-1’-hydroxycyclohexylprop-l-yne (II) as described by Zeile 
and Meyer (loc. cit.), and acetone gave 2-methylpent-4-yn-2-ol (IV) in 40% yield, compared with 
a 19% yield obtained from isobutylene oxide and sodium acetylide. Acetophenone, benzo- 
phenone, and methylheptenone gave good yields of the acetylenic carbinols with only small 
amounts of the corresponding glycols. 


Na‘C=CH JO, 
Me,CO —» HO-CMe,°CH,,;C=CH <—— Me,C—CH, 
(IV.) 


In these ‘‘ modified ’”’ Reformatsky reactions it was found that the type of solvent employed 
was of some importance. The zinc complexes formed in the reaction are’sometimes precipitated 
from solution, partly on to the zinc surface, thus inhibiting further reaction. Mixtures of ether 
and benzene, and especially of ether and tetrahydrofuran, were generally the most useful. An 
attempt to employ propargyl chloride in place of the bromide in these Reformatsky reactions 
was not successful, even when the zinc was previously activated by immersion in copper sulphate 
solution or mixed with copper powder (cf. Nieuwland and Daly, J. Amer. Chem. Soc., 1931, 58, 
1842, who were able to condense «-chloro-esters with carbonyl compounds by using the latter 
procedure). 

As mentioned above, acetophenone and benzophenone gave smaller amounts of the glycol 
by-product than did cyclohexanone, a result in agreement with the known relatively great 
reactivity of the carbonyl group in the latter ketone. The overall yield of the desired acetylenic 
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carbinol from cyclohexanone could be considerably increased, however, by heating the glycol in 
the presence of barium hydroxide at 170°, whereupon nearly quantitative fission occurred to 
give (II) and cyclohexanone. The formation of «f-acetylenic carbinols from ketones is known 
to be reversible in the presence of alkaline catalysts (cf. Babayan, Chem. Abs., 1938, 32, 7894; 
1939, 33, 9283). 


=CR, 
H 

The structure of the glycol (V) derived from benzaldehyde was confirmed by hydrogenation 
to the saturated glycol (VI), followed by oxidation of the latter to the crystalline 1 : 5-diphenyl- 
penta-1 : 5-dione (VII), previously prepared by Wislicenus and Kuhn (Amnalen, 1898, 302, 216) 


and by Japp and Michie (J., 1901, 1019). Since most of these acetylenic glycols possess two 
different centres of asymmetry it was not surprising to find that the glycol (V) was a mixture of 


R R c 
“yco 4+HC=CR, => "ye 
R, R, 


2H, cro, 
HO-CHPh-CH,C=C-CHR-OH ——> HO-CHPh:[CH,],,CHPh‘OH ——> Ph-CO-[CH,],CO-Ph 
(V.) (VI.) (VII.) 


tworacemates. This was shown most clearly by observation of the product under the microscope 
whereby two different crystalline forms could be seen; examination of the mixture on the 
K6fler block showed that the forms had different melting points. The diphenyl-glycol was 
separated into its two racemic forms, m. p. 105—108° and 143—146° respectively, by means of 
their different solubilities in ether. 

This type of Reformatsky condensation has been found to proceed equally well with the 
substituted propargyl bromides, 1-bromohept-2-yne (VIII), and the secondary bromide, 
3-bromohex-l-yne (IX), which were prepared from the corresponding carbinols with phosphorus 
tribromide. Benzaldehyde thus gave the carbinols (X) and (XI) in 90 and 70% yields respectively. 
The bromide (VIII) gave higher yields than did propargyl bromide, with both benzaldehyde and 


oe Pr-CH-C=CH 
Bu*C=C-CH,Br —»> Bu*C=C-CH,CHPh-OH Pr-CHBrC=CH —> HPh-OH 


(VIII.) (X.) (IX.) (XI.) 


cyclohexanone, the replacement of the reactive ethynyl hydrogen atom by an alkyl group 
preventing the formation of glycols. The good yield obtained from the secondary bromide 
(IX) may be compared with the similarly high yields given by «-bromopropionic ester in the 
normal Reformatsky reaction. 

Addition of 1-phenylbut-3-yn-l-ol (OH-CHPh:CH,°C:CH) to 2: 4-dinitrophenylhydrazine 
in methanol-sulphuric acid led to the rapid deposition of a red precipitate, which was identified 
as benzylideneacetone 2 : 4-dinitrophenylhydrazone. This derivative is clearly formed by a 
hydration-dehydration mechanism induced by the sulphuric acid. The reaction has been 
found to be of general applicability for the fy-acetylenic carbinols derived from aromatic 
aldehydes and ketones, and provides a useful method of characterisation. No derivatives were 
obtained from the purely aliphatic carbinols even on warming the mixture. 

Conversion of these By-acetylenic carbinols into the corresponding ethylenic ketones should 
occur in the presence of mercuric salts, and this reaction has been studied with 1-phenyl-2-propyl- 
but-3-yn-l-ol (XI). This carbinol was recovered unchanged when heated with mercuric acetate 
in 60% acetic acid, conditions used by Venus-Danilova and Danilov (J. Gen. Chem. Russia, 1932, 
2, 645) to convert primary acetylenic carbinols (R°C=C-CH,°OH) into unsaturated ketones 
(R-CO-CH—CH,). More vigorous hydration, viz., by mercuric sulphate in methanol-sulphuric 


_H,O Pr-C-CO-CH 
(xI) —> yg oe eee a > (XIII) 


(XII) Sreic.. Bu*-CO-CH, + Ph-CHO 


acid, gave a 35% yield of the expected ketone, 4-phenyl-3-propylbut-3-en-2-one (XIII). Rather 
surprisingly, there was also obtained a considerable quantity of low-boiling material which 
proved to be a mixture of methyl n-butyl ketone and benzaldehyde, each isolated in 35% yield 
as its 2: 4-dinitrophenylhydrazone. These had obviously been formed by a reverse aldol 
condensation of the intermediate hydration product (XII). Another example of this type of 
reaction was encountered by Braude, Jones, Koch, Richardson, Sondheimer, and Toogood (this 
vol., p. 1890), who observed that hydration of 2-methyl-l-ethynylcyclohexene gave some 
nona-2 : 8-dione as well as the expected 1-acetyl-2-methylcyclohexene. 
8M 
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Some difficulty has been encountered with analysis of these Py-acetylenic carbinols for 
carbon, low values having been obtained under the usual conditions of combustion. The reason 
for this is at present unknown and careful combustion methods are necessary to obtain correct 
analyses. The values for hydrogen on the other hand have been consistently good. 


EXPERIMENTAL. 
(All m. p.s were taken on a K6fler block and are corrected.) 
General Conditions used for the Reformatsky Reactions.—Propargyl bromide was prepared from 


1 alcohol and phosphorus tribromide by the method of Kirrman (Bull. Soc. chim., 1926, 39, 644).693 


ropar 
The aldehydes and ketones employed were freshly distilled before use and were generally used in ca. 10% 
excess over that required for reaction with the more valuable propargyl bromide. 

When the other reactants were ready, the zinc wool (in excess of the theoretical quantity) was etched 
with dilute hydrochloric acid, washed successively with water, methanol, and dry ether, and covered 
with dry benzene, and most of the benzene was removed by distillation. The reactants dissolved in the 
appropriate dry solvent were added immediately to the warm zinc. With this procedure, which ensured 
anhydrous conditions, the reaction usually commenced immediately and exothermally. The remainder 
of the reactants were added at such a rate as to maintain gentle refluxing—some external cooling was 
also often employed. Occasionally, when the reaction was difficult to start, the addition of ca. 50 mg. 
of mercuric chloride proved effective. 

When the reactants had been added, the solution was heated under reflux for 5 minutes to complete 
the reaction ; use of the correct solvent and amount of solvent led to the zinc complexes formed remaining 
in solution. The clear solution obtained was cooled and then decomposed with ice and 10% acetic acid, 
and the carbinol isolated in ether in the usual way. Distillation readily separated unchanged carbonyl 
compound from the carbinol; the glycol by-products were obtained as relatively non-volatile residues, 
which were not investigated further with the exception of those from cyclohexanone and benzaldehyde, 
which were obtained crystalline. 

3-1’-Hydroxycyclohexylprop-l-yne (II).—This compound was prepared from cyclohexanone and 
propargyl bromide by using the procedure of Zeile and Meyer (loc. cit.). It crystallised from pentane 
in long needles, m. p. 57°. The glycol (m. p. 113°), the chief by-product in the above reaction, was 
obtained by triturating the residue from the distillation with ether. Zeile and Meyer give m. p.s 56-5° 
and 113° for the carbinol and glycol respectively. The glycol (5 g.), when mixed with powdered barium 
hydroxide (0-5 g.) and heated at 170° at 18 mm., gave a distillate, which was separated by subsequent 
fractional distillation into cyclohexanone (1-8 g.) and 3-1’-hydroxycyclohexylprop-l-yne (2-1 g.). 

2-Methylpent-4-yn-2-ol (IV).—(a) A mixture of propargyl bromide (48 g.) and dry acetone (30 g.) in 
dry ether (50 c.c.) was added to zinc (28 g.). The reaction started readily, but soon ceased owing to the 
separation of an insoluble complex. Dry dioxan (20 c.c.) was added, and the reaction recommenced 
on heating the mixture to gentle reflux; a clear brown solution was finally obtained. The 2-methylpent- 
4-yn-2-ol (15-7 g., 40%) had b. p. 124—127°/756 mm., m3} 1-4381 (Found: C, 73-1; H, 10-2. C,H,0 
requires C, 73-4; H, 10-25%). 

(b) [With L. J. Haynzs.]—A solution of sodium acetylide in liquid ammonia (500 c.c.) was prepared 
from sodium (23 g.) by the method of Vaughn, Vogt, and Nieuwland (J. Amer. Chem. Soc., 1934, 56, 
2120). isoButylene oxide (72 g.) was then added during 1 hour, and the reaction mixture was stirred 
overnight. After addition of ammonium chloride (60 g.), the carbinol was isolated in ether; removal 
of the ether gave 2-methylpent-4-yn-2-ol (18-8 g., 19%), b. p. 58—59°/50 mm., n} 1-4380. 

Hept-1-yn-4-ol.—A mixture of propargyl bromide (20 g.) and redistilled butaldehyde (15 g.) in 
tetrahydrofuran (40 c.c.) was added to zinc wool (12 g.) and warm tetrahydrofuran (20 c.c.). The 
mixture was warmed for 10 minutes after the completion of the reaction. The hept-l-yn-4-ol (13-1 g.) 
had b. p. 68—59°/11 mm., n?? 1-4443 (Found: C, 75-2; H, 10-9. C,H,,O requires C, 74-95; H, 10-8%). 
The 3: arr eae separated from methanol in plates, m. p. 68° (Found: N, 9-2. C,.H,,O,N, 
requires N, 9-15%). 

tee or et (30 g.) was covered with dry benzene (50 c.c.), and 15 c.c. of the latter were 
distilled off. A mixture of freshly distilled crotonaldehyde (40 g.) and propargyl bromide (48 g.) in dry 
ether (100 c.c.) was added to the zinc. The reaction started readily and finally gave a clear, pale brown 
solution. Isolation as before gave hept-5-en-1-yn-4-ol (29-5 g., 67%) as a pleasant-smelling liquid, b. p. 
61°/15 mm., n}? 1-4667 (Found: C, 75-9; H, 9-0. C,H4,O requires C, 76-35; H, 9-15%). It showed 
no appreciable light absorption in the region 2200—4000 a. 

4 : 8-Dimethylnon-7-en-1-yn-4-ol.—A mixture of propargyl bromide (24 g.) and methylheptenone 
(30 g., n?? 1-4453, as obtained from citral) in tetrahydrofuran (50 c.c.) was added to zinc (12 g.) in 
tetrahydrofuran (20 c.c.). The 4: 8-dimethylnon-7-en-l-yn-4-ol (18-6 g.) had b. p. 53—54°/0-03 mm., 
n?? 1-4710 (Found: C, 79-25; H, 10-9. C,,H,,O requires C, 79-5; H, 10-9%). 

1-Phenylbut-3-yn-1-ol.—A mixture of benzaldehyde (24 g.) and propargyl bromide (24 g.) in dry ether 
(40 c.c.) was added to zinc (14 g.) covered with benzene (25 c.c.) so as to maintain gentle reflux. Isolation 
in the usual way gave 1-phenylbut-3-yn-1-ol (19-9 g.), b. p. 72°/0-4 mm., n?? 1-5482 (Found = C, 81-95; 
H, 7-1. CyH4O requires C, 82-15; H, 6-9%). ; 

Derivatives of 1-Phenylbut-3-yn-1-ol.—The carbinol was added to a solution of 2 : 4-dinitrophenyl- 
hydrazine sulphate in methanol and set aside at room temperature for 1 hour. The solid product was 
recrystallised from ethyl acetate to give deep-red needles of benzylideneacetone 2 : 4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. with an authentic sample, 229°. Light absorption in chloroform : 

in maximum, 3950 a.; ¢« = 34,000. 

Treatment of the carbinol pis ty emengaenr a chloride in pyridine gave the p-nitrobenzoate, m. p. 
et re "48% e yellow needles from methanol (Found: C, 69-15; H, 4-5; C,,H,,0,N requires 

, 69-15; H, 4-45%). 
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1 : 5-Diphenylpent-2-yne-1 : 5-diol (V).—The high-boiling residue from the popenine of , ana 
3-yn-l-ol was dissolved in hot benzene; cooling gave 1 : 5-diphenylpent-2-yne-1 : 5-diol (2-6 g.). 
Examination of this glycol on the Kéfler stage showed that it consisted of a mixture of two crystalline 
forms, one of which melted at 108—109°, and the other at 130—136° (Found, for the mixture: C, 80-9; 
H,6-4. C,,H,,O, requires C, 80-95; H, 6-4%). The glycol (0-5 g.) was stirred with dry ether (20 c.c.) ; 
the insoluble was recrystallised from aqueous methanol and then from benzene to give the higher- 
melting glycol, m. p. 143—146° (Found: C, 81-2; H, 6-25. C,,H,,O, requires C, 80-95; H, 6-4%). 
The ethereal filtrate was evaporated and the residue was recrystallised from benzene to give the 
lower-melting glycol, m. p. 105—108° (Found : C, 80-8; H, 6-25%). 

Conversion of 1 : 5-Diphenylpent-2-yne-1 : 5-diol (V) into 1 : 5-Diphenylpenta-1 : 5-dione (VII).—The 
glycol (mixed isomers) (500 mg.) was hydrogenated in ethyl acetate (25 c.c.) containing acetic acid (5 c.c.) 
in the presence of platinic oxide (50 mg.). Hydrogenation ceased after 2-1 mols. of hydrogen had been 
absorbed. The catalyst was removed by filtration and the solvents ina vacuum. The residue was then 
treated with chromic acid (300 mg.) in acetic acid (20c.c.). After the oxidation had proceeded for 3 hours 
at room temperature, the product was isolated by means ofether. Recrystallisation from light petroleum 
(b. p. 60— °) and then aqueous methanol gave | : 5-diphenylpenta-1 : 5-dione (370 mg.), m. p. 66—67° 

islicenus and Kuhn, loc. cit., give m. p. 67-5°; Japp and Michie, loc. cit., give m. p. 67-5°). 

2-Phenylpent-4-yn-2-ol.—Propargyl bromide (24 g.) and acetophenone (33 g.), dissolved in dry 
tetrahydrofuran (50 c.c.), were added to zinc (12 g.) and tetrahydrofuran (20 <r he reaction proceeded 
smoothly and gave the carbinol (15-1 &; b. p. 77—79°/0-1 mm., 53—55°/0-01 mm., n?} 1-5406 (Found : 
C, 82:15; H, 7-8. C,,H,,O requires C, 82-45; H, 7-6%). 

Addition of the carbinol to a solution of 2: 4-dinitrophenylhydrazine sulphate in methanol gave 

henylpent-3-en-2-one 2 : 4-dinitrophenylhydrazone, purplish-red needles (from ethyl acetate), m. p. 182° 
(Found: N, ne eat requires N, 16-45%). Light absorption in chloroform : Main maximum, 
3920 a.; ¢ = 29, 3 

1 : 1-Diphenylbut-3-yn-1-ol.— ‘opargy! bromide (15 g.) and benzophenone (15 g.) dissolved in 
tetrahydrofuran (35 c.c.) were added to zinc (7 g.) in tetrahydrofuran (15 c.c.). The reaction mixture 
was finally warmed for 10 minutes; isolation with ether gave a product which nearly all distilled at 
ca. 90°/10° mm. from a short-path still. The distillate was chromatographed on a column of activated 
alumina (90 x 3-8 cm.) in order to separate unchanged benzophenone; development was effected with 
light petroleum (b. p. 40—60°). The carbinol was retained at the of the column; elution of this zone 
with ether—-methanol (9 : 1) gave 1 : hy ad (7-6 g.), b. p. 85—90° (bath temp.) /10-* mm.,” 
n? 1-5970 (Found: C, 86-1; H, 6-6. C,,H,,O requires C, 86-45; H, 6-35%). 

Treatment with 2: cae ae sulphate gave 4 : 4-diphenylbut-3-en-2-one 2 : 4-dinitro- 
phenylhydvazone, dark red crystals [from methanol-ethyl acetate (9:1)], m. p. 155° (Found: N, 14-5. 


Cats s0eNa requires N, 14-85%). Light absorption in chloroform : maximum, 3960 a.; 


1-Bromohept-2~yne BN fs tao was pass as described by Bartlett and Rosen (J. Amer. Chem. 


Soc., 1942, 64, 543). 
mm., 73? 1-4552). 
2 1-Phenyloct-3-yn-1-ol (X).—A mixture of 1-bromohept-2-yne (8 g.) and benzaldehyde (6 g.) in 
tetrahydrofuran (30 c.c.) was added slowly to zinc (4 g.). The reaction was initiated by the addition of 
a trace of mercuric chloride and completed by heating under reflux for 15 minutes. The 1-phenyloct-3- 
yn-1-ol ty g-) had b. p. 99°/0-2 mm., n}f 1-5320 (Found : C, 82-65; H, 8-6. C,,H,,O requires C, 82-95; 
H, 8-95%). 

Toeatetint of this carbinol with 2: 4-dinitrophenylhydrazine sulphate reagent gave 1-phenyloct- 
l-en-3-one 2 : 4-dinitrophenylhydrazone as dark red prisms (from ethyl acetate), m. p. 162—163° (Found : 
N, 5 Yee ta requires N, 14-7%). Light absorption in chloroform: Main maximum 3890 a.; 
e = 30,000. 

1-1’-Hydroxycyclohexylhept-2-yne.—This was prepared in a similar manner to the —— compound 
from 1-bromohept-2-yne (8 g.), cyclohexanone (6-5 g.), and zinc (4 g.) in tetrah ran (30 c.c.). The 
oe (6-9 g.) had b. p. 82°/0-1 mm., mj 1-4913 (Found: C, 79-9; H, 11-15. C,,H,,O requires 

, 80-3; H, 11-4%). 

+ Diomohey Aone (IX).—A mixture of hex-l-yn-3-ol (propylethynylcarbinol) (50 g.) and dry pyridine 
(5 c.c.) was treated with phosphorus tribromide (48 g.) in ether (40 c.c.) at a temperature not exceeding 
—10°. The reaction mixture was allowed to attain room temperature and then stirred for 14 hours. 
Isolation with ether gave 3-bromohex-l-yne (38-3 g:), b. p. 82—83°/110 mm., n}} 1-4731 (Found: C, 45-1; 
H, 5-9. C,H,Br requires C, 44-75; H, 5-65%). 

1-Phenyl-2-propylbut-3-yn-1-ol (XI).—A mixture of 3-bromohex-l-yne (10 g.) and benzaldehyde 
(7 g.) in tetrahydrofuran (25 c.c.) was caused to react with zinc (5 g.) in tetrahydrofuran (10 c.c.). is 
gave 1-phenyl-2-propylbut-3-yn-1-ol (7-1 g.), b.Jp. 87—89°/0-2 mm., 65°/0-01 mm., n?? 1-5232 (Found: C, 
82-65; H, 8-85. C,;H,,O requires C, 82-9; H, 8-55%). 

Addition of the carbinol to 2: 4-dinitrophenylhydrazine sulphate in warm methanol gave the 
2: 4-dinitrophenylhydrazone of 4-phenyl-3-propylbut-3-en-2-one in r yield; it crystallises from 
methanol-ethyl acetate (5: 1) as red needles, m. p. 186—187° (Found: N, 15°35. C,,H,».O,N, requires 
N, 15-2%). Light absorption in chloroform : in maximum, 3950a.; « = 29,000. 

Hydration of 1-Phen Ibut-3-yn-1-ol. (XI).—The carbinol (3 g.) was heated under reflux in a 
solution of mercuric sulphate (1 g.) in methanol (12 c.c.) and 3% sulphuric acid (8 c.c.) for 24 hours. 
Isolation in ether, followed by eggwerl ow 3 tions : (a) methyl n-butyl ketone, b.p. 30—31°/25 
mm., nj} 1-4005 (lit., nlf 1-3970), (b) benzaldehyde (0-6 g.), b. p. 26—27°/0-1 mm., 1-5450 (lit., n}y 
1-5463), and (c) 4-phenyl-3-propylbut-3-en-2-one (XIII) (1-0 g.), b. p. 85°/0-3 mm., mf? 1-5450 (Found : C, 

‘Tl; H, 8-65. H,,O requires C, 82-9; H, 855%). Light absorption.: Maximum, 2780 a4.; e¢ = 
13,000. Fraction (a) on treatment with 2 : 4-dinitrophenylhydrazine sulphate in methanol gave methyl 
n-butyl ketone 2: 4-dinitrophenylhydrazone, needles (from methanol), m. p., 106°, undepressed on 
admixture with an authentic sample. Fraction (6) similarly gave benzaldehyde 2 : 4-dinitrophenyl- 


e product had b. p. 67°/2 mm., n}f 1-4572 (Bartlett and Rosen give b. p. 93-6°/22 
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hydrazone, m. p. and mixed m. p. 239°. Fraction (c) gave the eee drazone of (XIII) 
m. p. and mixed m. p. with a sample prepared directly from the carbinol (XI) (see above), 186—187°, 

3-1’-Hydroxycyclohexylhex-1-yne.—3-Bromohex-l-yne (16 g.) and cyclohexanone (12-7 g.) in tetra- 
hydrofuran (45 g.) were made to react with zinc (7 8.) in tetrahydrofuran (15 c.c.). This gave 3-]’- 
hydrocyclohexythex-1-yne (8-0 g.), b. p. 54°/0-01 mm., m}® 1-4820 (Found: C, 80-1; H, 11-05. C,,H,O 
requires C, 79-95; H, 11-2%). 


o One of us (I. M. S. W.) thanks the Department of Scientific and Industrial Research for a Maintenance 
rant. 
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570. The Sommelet Reaction. Part I. The Course of the Reaction. 


By S. J. Ancyar and R. C. Rassack. 


Sommelet showed that when the quaternary salt formed from benzyl chloride and hexamine 
is heated with water,benzaldehyde is obtained in good yield. The first product of the hydrolysis 
is methylenebenzylamine. Sommelet assumed that migration of a double bond then takes 
place : Ph-CH,*"N:CH, —-> Ph’CH:N-CH,. Itis now shown that the reaction follows a different 
course; it is a dehydrogenation, Ph-CH,-NH, —> Ph’CH:NH, and the hydrogen. is taken up 
by CH,:NH (from hexamine) to give methylamine. 

Secondary amines, ¢.g., N-methylbenzylamine, give an aldehyde in much poorer yield; 
tertiary amines do not react at all. 


BENzyL halides and substituted benzyl halides combine readily with hexamine to form 
quaternary salts, ¢.g., [Ph*CH,°C,H,,N,]* X~, which can be isolated if an anhydrous solvent 
e.g., chloroform, is used (Délépine, Bull. Soc. chim., 1895, [iii], 18, 358). These salts are hydro- 
lysed, by an excess of a strong acid, to a primary amine, ammonia, and formaldehyde (Délépine, 
loc. cit.); this is an excellent method for the preparation of primary amines (Galat and Elion, 
J. Amer. Chem. Soc., 1939, 61, 3585). In the presence of water the quaternary salts are unstable 
and, as Sommelet (Compt. rend., 1913, 157, 852) discovered, decompose on heating to give an 
aromatic aldehyde, formaldehyde, ammonia and its methylated products. 

This reaction is general for the preparation of aromatic aldehydes, the yields varying from 
34% (o-ethylbenzaldehyde; Mayer and English, Annalen, 1918, 417, 74) to 80% (2-naphthalde- 
hyde; Mayer and Sieglitz, Ber., 1922, 55, 1859). Isolation of the quaternary salt is not neces- 
sary; the arylmethy] halide can be heated with hexamine in water or aqueous alcohol. Somme- 
let himself published no experimental details but a year later a patent (Fabriques de Produits de 
Chimie Organique de Laire, D.R.-P. 268,786; Friedlander, 11, p. 197) described the preparation 
of many aldehydes. Contrary to the claims of this patent we found that saturated aliphatic 
aldehydes are not obtainable by this process. 

Sommelet (/oc. cit.) tentatively suggested that the reaction proceeds by the following steps : 
(1) hydrolysis of the quaternary salt to methylenebenzylamine, (2) shifting of the double bond 
to give benzylidenemethylamine, and (3) hydrolysis to benzaldehyde and methylamine : 


[Ph-CH,-C,H,,N,J*CI- —» Ph-CH,N:CH, —> Ph‘CH!N-CH, —> PhCHO + NH,CH, 


The first step of this series is undoubtedly correct, for in those cases where an aldehyde is not 
obtained because of steric hindrance (cf. following paper) the methyleneamine is the main product 
of the reaction. It must be added, however, that the methyleneamine is in equilibrium with 
the amine at the pH of the reaction (3—6) : 


Ph-CH,NACCH, + H,O == Ph-CH,NH, + CH,O 


If methylenebenzylamine is an intermediate, it too should give benzaldehyde under the conditions 
of the Sommelet reaction, and Graymore and Davies (J., 1945, 293) indeed found that methylene- 
benzylamine (or a mixture of benzylamine and formaldehyde) can be converted into benzalde- 
hyde in good yield by means of hexamine. Since this process, a smooth conversion of an amine 
into an aldehyde, is the essential part of the Sommelet method, we propose to refer to it also as 
the ‘“‘ Sommelet reaction.” The necessity for using hexamine in this conversion shows that 


the réle of hexamine is not restricted to quaternary salt formation but that it has also another 


part to play. 
The second step, the double-bond shift, seems less satisfactory. Although Ingold and 
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Shoppee (J., 1929, 1199) showed that this prototropic rearrangement occurs to some extent in 
sodium ethoxide solution at high temperature, it seems unlikely under the slightly acid 
conditions of the Sommelet reaction. Thus, in a recent paper (Nature, 1948, 162, 619), Shoppee 
called it ‘‘ in the highest degree unlikely,” and von Auwers and Wunderlich (Ber., 1932, 65, 70) 
showed that, in general, a shift of the double bond in Schiff’s bases does not occur. It is also 
hard to see what réle hexamine can play in such a prototropic rearrangement. Graymore and 
Davies (Joc. cit.) tried to explain this by incorporating aminomethy] alcohol (from the hydrolysis 
of hexamine) in the third step according to this equation : 


Ph:CH:N-CH, + NH,‘CH,OH + H,O = Ph-CHO + CH,-NH-CH,-OH + NH, 


This is not convincing since benzylidenemethylamine is smoothly hydrolysed at the pH of the 
reaction without the need of any other reagent. The rdle of hexamine in the conversion of 
benzylamine into benzaldehyde therefore was not clear; and the aim of our work was to discover 
the mechanism of this reaction and to explore its scope. ; 

After our preliminary publication (Nature, 1948, 161, 173) we discovered that Sommelet 
had later changed his views, coming to conclusions similar to our own (two papers read to the 
Société Chimique de France, summarised, without experimental details, in the Proceedings of 
the Société, Bull. Soc. chim., 1915, [iv], 17, 82; 1917, [iv], 28, 96; not recorded in Chem. Abs. or 
Chem. Zentr.), but he did not publish these views in any detail; indeed several authors have 
recently stated that the course of the Sommelet reaction has not been explained (Fieser and 
Fieser, ‘“‘ Organic Chemistry,” 1944, p. 688; Fuson and Denton, J. Amer. Chem. Soc., 1941, 
63, 654; Weygand, ‘‘ Organic Preparations,” 1945, p. 156). 

First, the possibility that hexamine acts as a buffer was investigated. Runs with benzyl- 
amine and formaldehyde, without hexamine and buffered to different pH’s, showed that the reac- 
tion is slow below pH 3 and does not proceed at all above pH 7, but that within these limits 
benzaldehyde was always obtained albeit in poor yield (10—25%). The Sommelet reaction 
therefore proceeds to some extent even in the absence of hexamine, a conclusion also reached by 
Graymore (J., 1947, 1117), but hexamine is necessary for good yields. 

Since hexamine might act essentially as a mixture of formaldehyde and ammonia, we 
investigated its replacement by other aldehydes and amines. When acet- or butyr-aldehyde 
was used in combination with ammonia, no benzaldehyde was formed, and with formaldehyde 
and methylamine the same low yield was obtained as with formaldehyde alone. 

The simple system, benzylamine hydrochloride and formaldehyde in water, was then studied. 
Attempts to increase the yield of aldehyde by varying the conditions failed, but it was found 
that the low yield was due to the formation of benzylmethylamine in 50—65% yield. This 
could be accounted for by the methylating action of formaldehyde (Pléchl, Ber., 1888, 21, 2117) : 


R-N:CH, + CH,O + H,O = R‘NH‘CH, + H-‘CO,H (R= PhCH,). . . . (1) 


The formic acid formed in this process can itself act as a source of hydrogen in the reduction of a 
further amount of methyleneamine (Clarke, Gillespie, and Weisshaus, J. Amer. Chem. Soc., 
1933, 55, 4571) : 

R‘N:CH, + H-CO,H = R‘NH’°CH,+CO,. . . - +... ~ (2) 


Analysis showed that formic acid (ca. 0°1 mol.) and carbon dioxide (0°06—0-09 mol.) were indeed 
formed, but in quantity insufficient to account for all the methylation. To explain the form- 
ation of 0°-5—0°65 mol. of benzylmethylamine the presence of another reducing agent had to 
be assumed and to find it the reaction mixture was analysed for all known constituents. No 
methylamine was found; Sommelet’s double-bond shift therefore does not take place. Instead, 
an amount of ammonia equivalent to the benzaldehyde was obtained. Since the conversion 
of benzylamine into benzaldehyde and ammonia is an oxidation, it accounts for the reduction of 
an equivalent amount of methylenebenzylamine : 


Ph:CH,‘NH, + R‘N:CH, + H,O = Ph‘CHO + NH, + R‘NH-CH, (R= Ph‘CH,) . . (3) 


Presumably benzylamine is first dehydrogenated to Ph-CH:NH, and this is then hydrolysed. 
(3) is the basic equation of the Sommelet reaction. The yield of aldehyde, in the absence of 
hexamine, is limited by the conversion of an equivalent amount of benzylamine into 
benzylmethylamine. 

A typical example of several analysed runs is given in the table under A. It can be seen that 
the reduction (to benzylmethylamine) is balanced by the total oxidation (H*CO,H + 2CO, + 
PhCHO). Reaction (1) accounts for 0°105 mol. of methylation, (2) for 0°192, and (3) for 0°28. 
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Products formed in the Sommelet reaction (in mols.). 


A. Benzylamine hydrochloride (13-5 g., 1 mol.), 40% formaldehyde (10-73 g., 1-38 mols.) in water 
(100 c.c.), heated under reflux for 3-5 hours. 
B. Benzyl chloride (10-6 g., 1 mol.), hexamine (12-0 g., 1-02 mols.) in water (70 c.c.), heated under 
reflux for 1-5 hours. 
H-CO,H. CO,. CH,O. PhCHO. NH;. NH,Me. Ph’CH,"NH,. Ph-CH,-NHMe. 
A. 0-105 0-096 0-55 0-28 0-27 <0-02 0-11 0-61 
B. 0-68 trace 1-78 0-81 2-76 1-09 trace 0-11 


When hexamine is used (B in the table), it can be seen that the methylation of benzylamine 
is repressed; instead, methylamine is formed according to reactions (1) and (3) (R = H) (but 
not by reaction (2), since no CO, is produced) from methyleneimine, CH,.NH, a hydrolysis 
fragment of hexamine.* Ammonia is, apparently, more readily methylated than benzylamine 
and thereby protects the latter from this side reaction. Hexamine therefore acts as a hydrogen 
acceptor in the dehydrogenation of benzylamine. Methylamine is further methylated to a 
small extent to di- and tri-methylamine, but these have not been determined quantitatively. 

Such a dehydrogenation mechanism for the Sommelet reaction is unexpected but not un- 
precedented. A mixture of formaldehyde and amines can react as a dehydrogenating agent, 
not only in the conversion of formaldehyde into formic acid and of formic acid into carbon 
dioxide, but also of alcohols into aldehydes and ketones (Hess, Ber., 1913, 46, 4104; Hess, 
Merck, and Uibrig, ibid., 1915, 48, 1886). On the other hand, benzylamine can be converted 
into benzaldehyde, not only by inorganic oxidising agents such as permanganate and dichromate, 
but also by isatin and alloxan (Traube and Engelhardt, Ber., 1911, 44, 3148) and by 
“ thionylaniline,’”” PhN:SO (Michaelis, ibid., 1893, 26, 2162). 

The conclusion that ammonia and benzylamine are competitively methylated indicates the 
way to better yields of aldehyde. Obviously the ratio of hexamine to benzylamine should be 
kept high, and this was confirmed by experiments. Under otherwise identical conditions 
benzyl chloride with 1, 2, or 3 mols. of hexamine gave 70, 77, and 80%, respectively, of 
benzaldehyde. When benzyl chloride was added dropwise to a boiling solution of hexamine in 
water yields of over 80% were obtained. Graymore and Davies (loc. cit.) already noted that 
less than one mol. of hexamine gave a considerably smaller yield. 

According to reaction (3) any methyleneamine might act as a hydrogen acceptor. Whether 
it will give a good yield of benzaldehyde will depend on the comparative methylation rates of 
the amine and benzylamine. When benzylamine hydrochloride was slowly added to a large 
excess of methylamine and formaldehyde [R = Me in (3)], the yield of benzaldehyde was 
41% and dimethylamine was isolated. Methylmethyleneamine can therefore function as a 
hydrogen acceptor, but it reacts more slowly than does methylenebenzylamine. Hexamine (or 
ammonia and formaldehyde) can therefore be regarded as the best reagent for the Sommelet 
reaction. 

As benzylmethylamine is a by-product in the Sommelet reaction it was of interest to deter- 
mine whether it too was capable of giving benzaldehyde. Experiments in acetic acid (a solvent 
in which the Sommelet reaction is faster than in water; cf. Hewett, J., 1940, 297) showed that 
benzaldehyde was formed, but in very low yields—2—3% without, and 8% with, hexamine; 
dimethylbenzylamine was isolated as a by-product. Dibenzylamine, however, is much more 
reactive and yields of 14 and 38% of benzaldehyde were obtained without and with hexamine, 
respectively. In this case dibenzylmethylamine was isolated. Dibenzylamine is converted 
into benzylamine and benzaldehyde, and the former undergoes the reaction again, giving a 
total of 2 mols. of benzaldehyde; the yields have been calculated on this basis. The formation 
of benzaldehyde from dibenzylamine, formaldehyde, and formic acid has been observed by 
Clarke, Gillespie, and Weisshaus (loc. cit.) but they explained it by the assumption of a double- 
bond shift. Benzyldimethylamine and tribenzylamine gave, as expected, no benzaldehyde 
under the conditions of the Sommelet reaction. 


* The CH,:NH molecule is given in the above discussion only as one of the possible reactants. The 
hexamine equilibrium, C,H,,N, + 6H,O => 6CH,O + 4NH,, involves many intermediates and several 
of these might be the actual hydrogen acceptors, e.g., NH,-CH,*OH or (what we consider most likely) 
the mesomeric ion NH,+:CH,<—> NH,°CH,*. The pH limits to the Sommelet reaction are explained by 
the fact that above pH 7 and below pH 3 the equilibrium is almost completely on one side or the other 
and the labile intermediates are not present in appreciable amounts. Similarly, it is not certain that it 
is benzylamine which is dehydrogenated; it might be the benzylammonium ion or even methylene- 
benzylamine. Our general knowledge of the mechanism of oxidations and reductions in solution is not 
yet sufficiently advanced to enable us to draw up the full mechanism of this reaction. 
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EXPERIMENTAL. 


M. p.s are corrected. 

Sommelet Reaction without Hexamine.—To benzylamine (10 g.) in water (80 c.c.), neutralised with 
hydrochloric acid to pH 7, formaldehyde (10 c.c. of 40%). also adjusted to pH 7, was added; the mixture 
then had a pH of 4-0 (owing to the formation of some iff’s base). After 1 hour’s boiling under reflux 
the pH nad changed to 2-1 (mainly because of the formation of formic acid). On addition of excess of 
hydrochloric acid and steam-distillation, benzaldehyde (1-5 g.) was obtained. The residue from the 
steam-distillation was twice evaporated to dryness with alcohol and concentrated hydrochloric acid to 
remove all formaldehyde. The bases were isolated by sodium hydroxide and ether, and treated with 
p-toluenesulphonyl chloride in dilute alkali. The derivative, m. p. 114° (4-7 g., 19%), of the primary 
amine was identified by mixed m. p. with -toluenesulphonbenzylamide, and that, m. p. 94° (14-7 g., 
57%), of the secondary base with N-benzyl-N-methyl-p-toluenesulphonamide. 

Sommelet Reaction at Controlled pHs.—Benzylamine (20 g.), formaldehyde (20 c.c. of 40%), phosphate 
buffer of pH 7-0 (100 c.c.), and alcohol (160-c.c.) were heated under reflux for 3 hours (pH unchanged). 
On acidification and steam-distillation no benzaldehyde was obtained. Similar runs with buffers of 
pH 3—6 gave 15—20% yields of the aldehyde; at pH 2-5, however, none was formed. 

Sommelet Reaction with Other Aldehydes.—When a mixture of benzylamine (10 g.) and aqueous acet- 
aldehyde (22 c.c. of 20%), neutralised to pH 4-5 with hydrochloric acid, was heated under reflux for 40 
minutes, acidified, and steam-distilled, no benzaldehyde was obtained. When n-butyraldehyde (7-2 g.) 
replaced acetaldehyde the result was the same. 

Quantitative Determination of the Products of the Sommelet Reaction (Runs A and B, see table).—(a) 
Carbon dioxide. The reagents, in the amounts given in the table, were heated under reflux with a slow 
stream of nitrogen bubbling through the mixture. The effluent gases were led from the top of the reflux 
condenser through 3 potash bulbs containing saturated barium hydroxide solution. At the end of the 
refluxing period concentrated hydrochloric acid was added to the reaction mixture (20 c.c. to A, 50 c.c. 
to B; it was found that these amounts sufficed to prevent further methylation or Sommelet reaction 
during steam-distillation). After the stream of nitrogen had been continued for further 2-5 hours, the 
precipitated barium carbonate was collected, washed with water, and titrated with n-acid. 

(b) Benzaldehyde. The reaction mixture was steam-distilled until 1 1. had been collected. In an 
aliquot of the distillate, benzaldehyde was determined by oxidation with hydrogen peroxide (Methods of 
Analysis, Ass. Off. Agric. Chem., 1940, p. 328). The benzoic acid obtained melted at 120—121°. In 
run B, where there was more benzaldehyde than 1 1. of water could dissolve, the distillate was extracted 
with ether, and benzaldehyde determined in both phases. 

(c) Formic acid. The total acidity of the distillate was determined by titration, and the amount of 
hydrochloric acid as silver chloride. The difference between total acidity and hydrochloric acid was 
taken as formic acid. In control experiments the direct (but more time-consuming) determination of 
formic acid (loc. cit., p. 466) gave the same results. 

(d) Formaldehyde was determined in the distillate by Schulek’s iodometric method (Ber., 1925, 58, 
734). Control experiments showed that the presence of benzaldehyde does not interfere in this method. 

(e) Ammonia. The residue from the steam-distillation was evaporated to dryness. In aliquots of 
the run A hydrochlorides ammonia was determined by Erdmann’s method (J. Biol. Chem., 1910, 8, 42), 
freshly precipitated mercuric oxide being used. After filtration the mercuric oxide-ammonia complex 
was distilled with sodium hydroxide and sodium sulphide, and the ammonia collected in n/10-acid. 
Control experiments with pure ammonium sulphate showed that ammonia was quantitatively recovered 
by this method. It was identified by conversion into benzamide [m. p. (crude) 128°]. In run B, where 
the amount of ammonia was larger, the dry hydrochlorides were extracted with absolute alcohol (150 c.c.), 
pure ammonium chloride (10-62 g.) remaining undissolved. In the alcohol-soluble fraction ammonia 
was determined as above. 

(f) Methylamine. Run A. An aliquot of the hydrochlorides and an excess of 50% potassium 
hydroxide solution were warmed to 80°, and the volatile bases removed in a current of air and absorbed 
in dilute hydrochloric acid. Treatment with p-toluenesulphonyl chloride and alkali gave only a very 
small amount of a sulphonamide, m. p. 108—110° (benzylamine). A control experiment to which 0-02 
equivalent of methylamine was added showed that this amount was readily isolated as its p-toluene- 
sulphonamide. Run B. An seaere of the alcohol-soluble hydrochlorides was converted into p-toluene- 
—— the alkali-soluble derivative (m. p. 68—70°) was nearly pure p-toluenesulphonmethyl- 
amide. 

(g) Benzylamine and methylbenzylamine were isolated as p-toluenesulphonamides. In run B the 
more volatile bases were first removed as described above. In some cases the alkali-insoluble p-toluene- 
sulphonamide was a mixture which could be separated by extraction with hot alcohol into the more 
soluble N-benzyl-N-methyl-p-toluenesulphonamide and a sparingly soluble compound, m. p. 156°. The 
latter was di-p-toluenesulphonylbenzylamine which crystallised from a large amount of alcohol in colourless 
needles, m. p. 161° (Found: C, 60-5; H, 5-2. C,,H,,0O,NS, requires C, 60-7; H, 5-1%). Its structure 
was proved by synthesis from p- juenesulphonbenzylamide and p-toluenesulphony] chloride in alkaline 
solution, and by hydrolysis to p-toluenesulphonbenzylamide by alcoholic sodium ethoxide. To eliminate 
the error in the separation of benzylamine and benzylmethylamine, caused by the formation of the 
disulphonyl derivative, the alkali-insoluble sulphonamide fraction was treated with alcoholic sodium 
ethoxide whenever its m. p. was not sharp. 

Gradual Addition of Benzyl Chloride.—Benzyl chloride (50 g.) was added dropwise during 1 hour to 
a boiling solution of hexamine (60 g.) in water (100 c.c.). Refluxing was continued for 20 minutes and, 
after the addition of concentrated hydrochloric acid (100 c.c.), for another 15 minutes. The benzaldehyde 
layer was separated after cooling, and the remainder steam-distilled; an ether extract of the distillate 
yp combined with the aldehyde and distilled. Benzaldehyde (34-5 g.; 82-3%) was collected at 80—81°/ 

mm. 


Sommelet Reaction with Excess of Hexamine.—When benzyl chloride (50 g.) and hexamine (112 g.) in 
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water (180 c.c.) were boiled under reflux for 1-5 hours, 32-4 g. of benzaldehyde were obtained. The use 
of 168 g. of hexamine increased the yield to 33-1 g. 

Sommelet Reaction with Methylamine.—Benzylamine hydrochloride (13-5 g.) in the minimum amount 
of water was added during 30 minutes to a boiling mixture of formaldehyde (20 c.c. of 40%) and aqueous 
methylamine (40 c.c. of 30%) adjusted to pH 4-0 with hydrochloric acid. The pH changed to 3-0, and 
after readjustment of it to 4-0 with sodium hydroxide, refluxing was continued for 1-5 hours. Ether- 
extraction and peroxide-oxidation indicated a 41% yield of benzaldehyde. After evaporation the 
hydrochlorides were treated with potassium hydroxide (as above), and the volatile bases converted into 
p-toluenesulphonamides. The secondary derivative, after crystallisation from alcohol, melted alone and 
mixed with p-toluenesulphondimethylamide at 78—79°. 

Sommelet Reaction of Benzylmethylamine.—Benzylmethylamine (3-8 g.), formaldehyde (3 c.c. of 40%) 
and glacial acetic acid (10 c.c.) were heated under reflux for 4 hours. After the addition of hydrochloric 
acid (20 c.c.), steam-distillation, and oxidation with hydrogen peroxide, 0-10 g. of benzoic acid was 
obtained (2-6% yield of benzaldehyde). After evaporation, the amines were converted into p-toluene- 
sulphonamides and the unchanged amines treated with picric acid. N-Benzyl-N-methyl-p-toluene- 
sulphonamide, m. p. 94°, and benzyldimethylamine picrate, m. p. 93° (King and McMillan, J. Amer, 
Chem. Soc., 1946, 68, 1469), were obtained. 

Interaction of benzylmethylamine hydrochloride (4-3 g.), formaldehyde (3 c.c. of 40%), and hexamine 
(4-0 g.) in boiling glacial acetic acid (30c.c.) during 4 hours gave an 8% yield of benzaldehyde. Benzyl- 
dimethylamine was again isolated as its picrate. 

Sommelet Reaction of Dibenzylamine.—When dibenzylamine (5-1 g.), formaldehyde (3 c.c. of 40%), 
and glacial acetic acid (10 c.c.) were heated under reflux for 6 hours, 0-69 g. of benzaldehyde was obtained. 
After treatment with p-toluenesulphony] chloride etc., the tertiary amine, expected to be dibenzylmethyl- 
amine, was converted into its picrate, m. p. 129° (from alcohol). Since this m. p. is different from the 
value (107°) given for methyldibenzylamine picrate (Hughes and Ingold, J., 1933, 75), our picrate was 
converted for identification into the hydrochloride, m. p. 198—200°, and the hydrobromide, m. p. 
155—156°, of dibenzylmethylamine (l#., 200—201° and 157°, respectively). These salts were re- 
converted into the picrate which then melted at 129-5°. Hughes and Ingold’s m. p. therefore seems 
to be incorrect. 

Interaction of dibenzylamine (5-4 g.), formaldehyde (3 c.c. of 40%), and hexamine (3-0 g.) in glacial 
acetic acid (20 c.c.) during 4 hours gave 2-2 g. of benzaldehyde. 


UNIVERSITY OF SYDNEY. (Received, May 23rd, 1949.] 
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By S. J. ANGyAL, (Miss) P. J. Morris, R. C. Rassack, and 
(Miss) J. A. WATERER. 


The Sommelet reaction is shown to be hindered by two substituents in the ortho-positions, 
electron-attracting and -repelling groups acting in the same way. Other methods of oxidising 
arylmethylamines to aromatic aldehydes were found to be similarly. inhibited. One ortho- 
substituent does not prevent the reaction. The preparation, by the Sommelet reaction, of 
o-, m-, and p-bromo-, and o0-iodo-benzaldehyde is described. 


In Part I (preceding paper) it was shown that the Sommelet reaction of an arylmethy] halide 
with hexamine proceeds in three steps: (1) a quaternary salt is formed, (2) this is hydrolysed 
to an equilibrium mixture of amine and methyleneamine, Ar-CH,*NH, + CH,O == 
Ar-CH,N:CH, + H,O, and (3) the amine is dehydrogenated to an aldimine, ArCH:NH, which 
is then hydrolysed to an aldehyde, Ar-CHO. 

Fuson and Denton (J. Amer. Chem. Soc., 1941, 68, 654) showed that no aldehyde was 
obtained from 2: 4 : 6-trimethylbenzyl chloride (I; X = Cl). A quaternary salt was readily 
formed and heating it in aqueous solution gave a compound, m. p. 154°, to which the authors 
assigned the structure (C,H,Me,°CH,*NH),CH,. In the Experimental section evidence is now 
adduced to show that this compound is really a polymer of the methyleneamine, 
[(C,H,Me,°CH,*N:CH,], (” = 2 or 3). The first two steps of the Sommelet reaction therefore 
proceed as usual, but the third is inhibited. Variations in the conditions of the reaction were 
tried by us without success, nor was an aldehyde obtained from the amine (I; X = NH,) and 
hexamine. However methylation, the usual side-reaction in the Sommelet method, is not 
hindered: the quaternary salt, formaldehyde, and formic acid readily afforded the tertiary 
amine (I; X = NMe,). 


CH,X CH,Br CH,X 


Me \Me "4 7" a4 \Me 
Va WV 
M 


(III.) (IV.) 
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It was of interest to investigate whether this hindrance is independent of the nature of the 
ortho-group, and the effect of the electron-attracting chlorine atom was studied. 2 : 6-Dichloro- 
benzyl bromide (II; X = Br) also reacted smoothly with hexamine. Absence of steric hindrance 
in the quaternary salt formation is indicative of an Syl mechanism, a conclusion supported 
by our observation that electron-attracting substituents decrease the rate of this reaction (cf. 
Part III, to follow). Again, the quaternary salt yielded no aldehyde, but 2: 6-dichloro- 
benzylamine (II; X = NH,) was readily obtained. Replacement of one chlorine by a nitro- 
group (as in (III)] did not affect these results. The second aromatic ring in naphthalene has 
the same effect as an ortho-substituent, since no aldehyde was obtained from (IV; X = Clor 
NH,), even when the reaction was carried out in a sealed tube at 150°. This is reminiscent of 
Ziegler and Tiemann’s failure (Ber., 1922, 55, 3406) to oxidise the corresponding alcohol (IV; 
X = OH) to an aldehyde. 

Interesting results were obtained from a comparison with other methods of converting 
amines into aldehydes. Traube and Engelhardt (Ber., 1911, 44, 3148) found that benzylamine 
and isatin gave a 66% yield of benzaldehyde. By this method we obtained 1-naphthaldehyde 
in 48% yield from l-aminomethylnaphthalene, but neither (I) nor (II; X = NH,) gave an 
aldehyde. Schénberg, Moubasher, and Mostafa (jJ., 1948, 178) explained this reaction by the 
assumption of a prototropic rearrangement. We believe, however, that if the reaction pro- 
ceeded according to such mechanism it would not be sterically hindered. 

Analogous results were obtained in chromic acid oxidations. Benzylamine and l-amino- 
methylnaphthalene are readily oxidised, giving the corresponding aldehydes and acids in poor 
yields, but (II; X = NH,) is not attacked by chromic acid even in boiling 50% sulphuric acid. 
This passive behaviour is the same as is shown by the nitrogen-free parent substance, 2: 6- 
dichlorotoluene, which is very resistant to oxidation (Davies, J., 1921, 119, 873), being not 
attacked by chromic acid in 50% sulphuric acid. The additional amino-group therefore does 
not facilitate oxidation. 

From these experiments we conclude that the oxidising agents attack the carbon atom 
adjacent to the aromatic ring, and not the nitrogen atom. This is in accord with that fact 
that aliphatic amines are not converted into aldehydes by either isatin or hexamine. 

One substituent in the ortho-position does not prevent the Sommelet reaction, but a slight 
retarding effect is noticeable. Graymore and Davies (jJ., 1945, 293) obtained lower yields of 
o- than of m- or p-chlorobenzaldehyde. In the present work yields of the three bromobenz- 
aldehydes under identical conditions were: in 66% alcohol, o- 50, m- 60, and p- 62%; in 50% 
acetic acid, 47, 69, and 73%, respectively. This effect is, however, not sufficient to prevent 
good yields even with bulkier substituents, since under suitably chosen conditions a 76% yield 
of o- iodobenzaldehyde i is obtained. 

EXPERIMENTAL, 


M. p.s are corrected. 


Fuson and Denton’s Compound, m. p. 154°.—Fuson and Denton’s analysis (loc. cit.; C, 81-64; H, 
9-66; N, 8-83%) does not distinguish clearly between their proposed structure (Calc. for C,,HgN, : 
Cc, 81- ‘2; H, 9-75; N, 9-0%) and the methyleneamine structure (Calc. for C “pHs : C, 81-9; H, 9-4; 
N, 8:7%). The compound. (0-1244 g.) was boiled under reflux with ae drochloric acid (30 Cc. c.) for 
1 hour and then steam-distilled until 250 c.c. were collected. 0-0210 G. of formaldehyde was found in 
this distillate by Schulek’s method (Ber., 1925, 58, 732), i.e., 16-°9%. A compound of the structure 
suggested by Fuson and Denton could give no more than 9-7% of formaldehyde on hydrolysis, whereas 
the methyleneamine can yield 18-6%. The molecular weight (350) indicates a dimer (Calc. : 322) ora 
trimer partly de op repens in the boiling chloroform used for this determination. Graymore (/., 
1947, 1117) found double molecular weights for several related methyleneamines. 


NN-Dimethyl-2 : 4 : 6-trimethylbenzylamine (I; X = NMe,).—The ey salt (16 g.) from 


2:4: 6-trimethylbenzyl chloride (Fuson and Denton, loc. cit.) was heated under reflux for 2 hours with 
hexamine, formic acid (16 c.c.), and — poh c.c.) (cf. Sommelet and Guiot, Compt. rend., 1922, 174, 687). 
Excess of hydrochloric acid was added the mixture boiled under reflux for 15 minutes; on cooling, 
_ the hydrochloride (7 g.) 6%) It wa recrystallised from water, m. p. 233—234° (Found: N, 6-5. 
CH N uires N, ). The picrate formed yellow needles, m. p. 144—145°, from alcohol. 

9 Melly ie Lennsiodectbbalns. —2-Meth owe (50 g.), araformaldehyde (20 g.), 
glacial poe a acid (52 c.c.), 85% phosphoric acid (33 c.c.), and concentrat drochloric acid (100 c.c.) 
were stirred at 80—85° for 6 hours. On cooling, a purple solid ted whic was washed with water, 
dissolved in ether (350 c.c.), washed with aqueous yy "90 mate, dried (K,CO,), and distilled ; 
the product had b. p. 154°/8—10 mm. and m. p. 53° (47 0%). Recrystallisation from alcohol 
raised the m. p. to 58°. Darzens and Lévy (Compt. rend., 1086, 2 , 73), who prepared this compound 
under different conditions, gave no yield. 

Sommelet Reaction with 2-Methyl-\-chloromethylnaphthalene—The above co _ (13 g.) and 
hexamine (11 g.) were boiled under reflux in chloroform (30 c.c.) for 4 hours. e quaternary salt 
which separated, m. p. 203° (decomp.) (15 g., 62%), is somewhat soluble in chloroform, oan an additional 
amount can be precipitated by the addition of acetone. 
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(a) This salt (4-7 g.) was heated under reflux with water (25 c.c.) for 1 hour. Concentrated hydro. 
chloric acid (10 c.c.) was added, refluxing continued for 10 minutes, and the mixture steam-distilled 
No aldehyde was found in the distillate by extraction with ether and treatment with sodium hydrogen 
sulphite solution. When the residue from the steam-distillation was evaporated to small volume 
2-methyl-1-ami thylnaphthalene hydrochloride (1-9 g.) separated on cooling. It crystallised from 
water in fine colourless needles, m. p. 290° (Found: N, 6-4. C,,H,,N,HCl requires N, 6-7%). 

(b) The quaternary salt (4-0 g.) was heated in a sealed tube with water (20 c.c.) at 150° for 1-5 hours, 
No aldehyde was obtained. The primary amine was isolated in 77% yield, and from the mother- 
oa | by conversion into a nitrosoamine, the presence of a small amount of a secondary amine was 

roved. 

2 : 6-Dichlorobenzyl Bromide.—Bromine (39 g.) was added, through a tube reaching below the surface 
to gently boiling 2: 6-dichlorotoluene (38-3 g.) during 45 minutes. When hydrogen bromide was no 
longer evolved the mixture was distilled in vacuo, giving a forerun, b. p. 60—100/2 mm. (12 g.; mainly 
unchanged dichlorotoluene), and 2 : 6-dichlorobenzyl bromide, b. p. 118°/2 mm., m. p. 45—46° (30 g., 
52%) (Found: C, 34-8; H, 2-2. C,H,Cl,Br requires C, 35-0; H, 21%). It is a strong lachrymator. 

Sommelet Reaction with 2: 6-Dichlorobenzyl Bromide.—The above bromide and hexamine gave a 
‘quaternary salt in 80% yield. When this salt was boiled with water or 50% acetic acid and then steam- 
distilled, none of the related aldehyde was obtained. After the removal of all formaldehyde by steam- 
distillation, addition of sodium hydroxide and extraction with ether gave 2: 6-dichlorobenzylamine 
(80%), b. p. 242—244°. The hydrochloride crystallised from water in colourless needles, m. p. 237— 
238° (Found: N, 6-3. C,H,NCl,,HCl requires N, 6-6%). The picrate formed yellow needles, m. p. 
207°, from alcohol. 

Sommelet Reaction with 2-Chloro-6-nitrobenzyl Bromide.—The bromide (D.R.-P. 107,501; Friedlander, 
‘5, p. 50) (10 g.) and hexamine (6 g.) in chloroform (25 c.c.) gave 7 g. of the quaternary salt after the 
‘solution had been boiled for 1 hour. This salt was heated under reflux with water (30 c.c.) for 1-5 
hours, but no aldehyde was formed. 

Reaction with Isatin——(a) 1-Aminomethylnaphthalene (0-9 g.), isatin (1-8 g.), and water (30 c.c.) 
were heated under reflux for 1 hour. After the addition of concentrated hydrochloric acid (10 c.c.) 
the solution was extracted with ether, and the extract shaken with saturated sodium hydrogen sulphite 
solution. From the bisulphite compound 1-naphthaldehyde (0-5 g.) was obtained. 

(b) 2: 6-Dichlorobenzylamine and 2: 4: 6-trimethylbenzylamine were treated in the above way. 
No aldehyde was isolated. 

Oxidations with Chromic Acid.—(a) Benzylamine (3 g.), potassium dichromate (5-6 g.), water (14 
c.c.), and concentrated sulphuric acid (8 c.c.) were heated under reflux for 45 minutes. The green 
solution was extracted with ether, and the extract washed with sodium hydrogen carbonate solution, 
From the ethereal solution benzaldehyde (0:3 g.) was isolated, and from the alkaline washings benzoic 
acid (0-3 g.). From the green solution benzylamine (1-6 g.) was recovered. 

(b) 1-Aminomethylnaphthalene (1-6 §) was treated as above. The solution became green very 
quickly. 1-Naphthaldehyde (0-08 g.) and 1-naphthoic acid (0-72 g.) were obtained. 

(c) 2: 6-Dichlorobenzylamine (0-4 g.), potassium dichromate (1-7 g.), water (4 c.c.), and concentrated 
sulphuric acid (2-5 c.c.) were heated under reflux for 2 hours. Working up as above gave 0-35 g. of 
the unchanged amine (picrate, m. p. 205—206°) but no aldehyde or acid. 

(d) 2: 6-Dichlorotoluene (3 g.) was oxidised as above. The solution did not become green, and 
2-7 g. of the substance were recovered unchanged. 4 

Bromobenzaldehydes.—(a) Each bromobenzyl bromide (Shoesmith and Slater, J., 1926, 214) (8-3 g.) 
was heated under reflux with hexamine (5-5 g.) in chloroform (50 c.c.) for 1-5 hours. Yields of the 
quaternary salts were: o-, 95; m-, 94; p-, 98%. These salts (10 g.) were heated under reflux with 
50% acetic acid (30 c.c.) for 2 hours. On dilution with water and cooling the p-compound crystallised ; 
the o- and m-compounds were extracted with ether, and the extracts washed with aqueous sodium 
ow dried, and evaporated. Yields, given on p. 2705, can be improved somewhat by longer 

eating. 

b) Each bromobenzyl bromide (5 g.) was heated under reflux with hexamine (3-4 g.) and 66% 
alcohol (27 c.c.) for 2 hours. After the addition of hydrochloric acid (15 c.c.) the boiling was continued 
for 15 minutes, and the mixture worked up asabove. Yields are given on p. 2705; that of the p-compound 
could be increased to 69% by adding more hexamine (1-7 g.) after 2 hours’ refluxing and heating for 
another 2 hours. Dropwise addition of the bromide to hexamine did not improve the yield. 

o-Iodobenzaldehyde.—o-Iodobenzyl bromide (20 g.) reacted in the cold with hexamine (10-5 g.) in 
chloroform (100 c.c.). After being kept overnight the quaternary salt was filtered off (28-0 g., 95%) 
(Jacobs and Heidelberger, J. Biol. Chem., 1915, 21, 467). This salt was heated under reflux with 50% 
acetic acid (60 c.c.) for 2 hours and then diluted with 3n-hydrochloric acid (60 c.c.). The heavy oil 
solidified on cooling with ice and had m. P. 30—31° (11-9 g., 76% calc. on o-iodobenzyl bromide). 
Aqueous alcohol as a solvent gave lower yields. 
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572. Pyrazine Derivatives. Part XI. Synthesis of Cyclic 
Hydroxamic Acids Related to Aspergillic Acid. 


By Gzorce Dunn, J. A. Etvince, G. T. NEwsBotp, D. W. C. Ramsay, F. S. Sprine, 
and WILFRED SWEENY. 


It is shown that condensation of a-amino-hydroxamic acids with 1 : 2-dicarbonyl compounds 
yields pyrazine cyclic hydroxamic acids. Using methylglyoxal and phenylglyoxal as the 
1 : 2-dicarbonyl component, the reaction leads to unsymmetrically (3 : 5-)substituted pyrazine 
cyclic hydroxamic acids (VI). 

Treatment of a-amino-hydroxamic acids with 2-bromocinnamaldehyde gives the corres- 
ponding Schiff’s bases (X) in good yield. Treatment of the compounds (X) with alkali-metal 
alkoxides yields the symmetrically (3: 6-)substituted pyrazine cyclic hydroxamic acids (XI). 
The last series of reactions offers a feasible route to the synthesis of aspergillic acid (I) or (Ia). 


ASPERGILLIC ACID is a pyrazine cyclic hydroxamic acid of structure (I) or (Ia) (Dunn, Gallagher, 
Newbold, and Spring, this vol., p. S 126; Dunn, Newbold and Spring, ibid., p.S 131). Although 
Me,CH-CH,—/* Moco 
y Sl Vetimtert Eve o=| Vor,cHMe, 
bu bu 
(I.) (Ia.) 


various methods for the synthesis of hydroxy- and ethoxy-pyrazines have been described in 
previous Parts of this series, repeated attempts to synthesise a pyrazine cyclic hydroxamic acid 
have been unsuccessful. A general method for the synthesis of pyridine cyclic hydroxamic acids 
was described by Newbold and Spring (J., 1948, 1864; Cunningham, Newbold, Spring, and 
Stark, this vol., p. 2091) in which a 2-ethoxypyridine is peroxidised to yield a 2-ethoxypyridine 
l-oxide, hydrolysis of which with dilute mineral acid gives the pyridine cyclic hydroxamic acid. 
This method was successfully extended to the synthesis of quinoline cyclic hydroxamic acids, but 
failed when applied to 3-ethoxy-2 : 5-dimethylpyrazine or 2-ethoxyquinoxaline (Newbold and 
Spring, J., 1948, 519; Baxter, Newbold, and Spring, J., 1948, 1859). For the last two compounds 
peroxidation occurs at the nitrogen remote from the ethoxy-group; the opinion was expressed 
that the synthesis of a pyrazine cyclic hydroxamic acid by the direct oxidation of a pyrazine 
derivative is impracticable. Methods for the synthesis of pyrazine cyclic hydroxamic acids have 


NH 6 Ry } 

Ps. 2 M. any. 

@) , — = 
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(II.) (IV.) 


now been developed in which use is made of the readily available a-amino-hydroxamic acids 
prepared by the action of hydroxylamine on a«-amino-esters (Cunningham, Newbold, Spring and 
Stark, loc. cit.). 

In the first synthesis the a-amino-hydroxamic acids are condensed with 1 : 2-dicarbonyl 
compounds using the conditions employed by Jones (J. Amer. Chem. Soc., 1949, 71, 78) for the 
synthesis of hydroxypyrazines from «a-amino-acid amides and 1: 2-dicarbonyl compounds. 
Treatment of pi-alanine hydroxamic acid (II; R = Me) with diacetyl gives the cyclic 
hydroxamic acid 1-hydroxy-2-keto-3 : 5 : 6-trimethyl-1 : 2-dihydropyrazine (III; R = Me), which 
gives a positive ferric chloride reaction and shows the typical properties of a cyclic hydroxamic 
acid. In particular, it was characterised by reduction with hydrazine which gave 2-hydroxy- 
3:5: 6-trimethylpyrazine (IV; R = Me) identical with a specimen prepared by an independent 
method (Newbold and Spring, J., 1947, 373). In a similar manner pL-phenylglycine hydroxamic 
acid (II; R = Ph) was condensed with diacetyl to yield 1-hydroxy-2-keto-3-phenyl-5 : 6-dimethyl- 
1: 2-dihydropyrazine (III; R = Ph) which is soluble with effervescence in sodium hydrogen 
carbonate solution. When reduced with hydrazine this cyclic hydroxamic acid yields 2-hydroxy- 
3-phenyl-5 : 6-dimethylpyrazine (IV; R = Ph) identical with a specimen prepared by the 
condensation of pL-phenylglycine amide with diacetyl (Jones, Joc. cit.). 

The application of the method described above to the synthesis of aspergillic acid will involve 
the condensation of an a-amino-hydroxamic acid with a keto-aldehyde. In such a case con- 





2708 Dunn, Elvidge, Newbold, Ramsay, Spring, and Sweeny : 


densation may occur in one or both of two directions. Thus, condensation of pi-alanine 
hydroxamic acid (II; R = Me) with methylglyoxal (V; R’ = Me) might give 1-hydroxy-9- 
keto-3 : 5- (VI; R= R’ = Me) or -3: 6-dimethyl-1 : 2-dihydropyrazine (VII; R= R’ = Me), 
or a mixture of both. Condensation in the latter sense would be required in a synthesis of 


ey 
ont IR? 
+ R*COCHO —> NY 
| 
OH 
(V.) (VII.) 


aspergillic acid. In the synthesis of hydroxypyrazines by the interaction of «-amino-acid 
amides and 1 : 2-keto-aldehydes (Jones, Joc. cit.) condensation occurs exclusively in the unsym- 
metrical sense to yield 3: 5-disubstituted 2-hydroxypyrazines. Our experience with 
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1-Hydroxy-2-keto-6-benzyl-1 ; 2-dihydropyrazine. 

A —_ acid. 

1-Hydroxy-2-keto-3 : 5 : 6-trimethyl-1 : 2-dihydropyrazine. 
1-Hydroxy-2-keto-6-benzyl-3-ethyl-1 : 2-dihydropyrazine. 


«-amino-hydroxamic acids and 1: 2-keto-aldehydes was similar. Condensation of p1L-alanine 
hydroxamic acid and methylglyoxal gives exclusively 1-hydroxy-2-keto-3 : 5-dimethyl-1 : 2- 
dihydropyrazine (VI; R= R’ = Me), a rigorous examination of the reaction mixture failing 
to disclose the presence of any of the isomeric acid (VII; R= R’ = Me). The structure of the 
reaction product was established by its reduction to 2-hydroxy-3 : 5-dimethylpyrazine which 
differs considerably from 3-hydroxy-2 : 5-dimethylpyrazine and is identical with the product 
obtained by the condensation of pL-alanine amide and methylglyoxal. 

In a similar manner, condensation of pL-phenylglycine hydroxamic acid (II; R = Ph) with 
phenylglyoxal (V; R= Ph) yields 1-hydroxy-2-keto-3 : 5-diphenyl-1 : 2-dihydropyrazine (V1; 
R = R’ = Ph), the structure of which was established by its reduction to a hydroxy-diphenyl- 
pyrazine which is not identical with 3-hydroxy-2: 5-diphenylpyrazine (Gallagher, Newbold, 
Spring, and Woods, this vol., p. 910) but is identical with 2-hydroxy-3 : 5-diphenylpyrazine 
obtained by the condensation of pt-phenylglycine amide with phenylglyoxal. 

Two other cases of the reaction were examined and, although the structures of the resulting 
pyrazine cyclic hydroxamic acids were not rigidly demonstrated, they are inferred by analogy 
with the cases described above. Condensation of pi-alanine hydroxamic acid (II; R = Me) 
with phenylglyoxal (V; R’ = Ph) gave a cyclic hydroxamic acid to which we ascribe the 
structure of 1-hydroxy-2-keto-5-phenyl-3-methyl-1 : 2-dihydropyrazine (VI; R = Me, R’ = Ph). 
When reduced with hydrazine it gives a hydroxy-methylphenylpyrazine identical with that 
obtained by the condensation of pi-alanine amide with phenylglyoxal and assumed to be 
2-hydroxy-5-phenyl-3-methylpyrazine. The condensation of pi-alanine hydroxamic acid with 
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phenylglyoxal was examined using a variety of reaction conditions. Under alkaline, acid, or 
neutral reaction conditions, the product was 1-hydroxy-2-keto-5-phenyl-3-methyl-1 : 2-di- 
hydropyrazine and in no case was the simultaneous formation of the isomeric acid (VII; R = Me, 
R’ = Ph) observed. Finally, although reaction of glycine hydroxamic acid with 1 : 2-dicarbonyl 
compounds did not proceed as smoothly as the condensations described above, when phenyl- 
glyoxal was used as the 1 : 2-dicarbonyl component, a small yield of a pyrazine cyclic hydroxamic 
acid was isolated to which we ascribe the structure 1-hydroxy-2-keto-5-phenyl-1 : 2-dihydropyvazine 
(VI; R= H, R’ = Ph). 

The general method for the synthesis of pyrazine cyclic hydroxamic acids described above 
will not serve for a synthesis of aspergillic acid since it leads to the formation of unsymmetrically 
(3: 5-)disubstituted acids exclusively. With the object of forcing condensation between an 
a-amino-hydroxamic acid (II) and a potential 1: 2-keto-aldehyde (V) to give a 3: 6-disub- 
stituted 1-hydroxy-2-keto-1 : 2-dihydropyrazine (VII), a study has been made of the condensation 
of «-aminohydroxamic acids and af-unsaturated «a-bromo-aldehydes. This has led to the 
elaboration of a method for the synthesis of 3 : 6-disubstituted pyrazine cyclic hydroxamic acids 
of the aspergillic acid type which has the advantage that it allows the introduction of dissimilar 
substituents at the 3 and 6 positions. In the first place, it was observed that glycine hydroxamic 
acid and cinnamaldehyde readily condense to give the Schiff’s base cinnamylideneglycine 
hydroxamic acid (VIII). This is readily hydrolysed by dilute mineral acid with regeneration of 
cinnamaldehyde. When it is treated with Brady’s reagent, the 2 : 4-dinitrophenylhydrazone of 
cinnamaldehyde is quickly precipitated. Under a variety of reaction conditions the Schiff’s 
base was not cyclised to 2-hydroxy-6-benzylpyrazine (IX). 

Glycine hydroxamic acid readily condenses with 2-bromocinnamaldehyde yielding 2-bromo- 
cinnamylideneglycine hydroxamic acid (XK; R =H) inhigh yield. This is not soluble in aqueous 
sodium hydrogen carbonate but is soluble in caustic alkali solutions. It has been characterised 
by the formation of di- and mono-benzoyl derivatives, of which only the latter is soluble in alkali. 
Treatment of (X) with sodium ethoxide in alcohol gives the pyrazine cyclic hydroxamic acid, 
1-hydvoxy-2-keto-6-benzyl-1 : 2-dihydropyrazine (XI; R=H). Like aspergillic acid, this 
cyclic hydroxamic acid is soluble in sodium hydrogen carbonate solution with effervescence, 
sublimes readily, and yields a copper salt. Its ultra-violet absorption spectrum is similar to 
that of aspergillic acid. 


H, Nx H (“y R-H és ~ an 
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In a similar manner, condensation of «-amino-n-butyrohydroxamic acid with 2-bromocinnam- 
aldehyde yields «-(2-bromocinnamylideneamino)-n-butyrohydroxamic acid (KX; R= Et).- The 
cyclisation of this Schiff’s base proved to be more difficult than in the homologous case and the 
compound was recovered unchanged after treatment with sodium ethoxide in alcohol. 
Treatment with potassium #ert.-butoxide in boiling tert.-butyl alcohol gave, in small yield, 
1-hydroxy-2-keto-6-benzyl-3-ethyl-1 : 2-dihydropyrazine (XI; R = Et), which like the homologous 
acid (XI; R = H) shows the typical properties of a cyclic hydroxamic acid. 


EXPERIMENTAL. 


1-Hydvoxy-2-keto-3 : 5 : 6-trimethyl-1 : 2-dihydropyrazine (III; R = Me).—A suspension of DL-alanine 
hydroxamic acid (3-0 g.; Cunningham, Newbold, Spring, and Stark, Joc. cit.) in water (100 c.c.) and 
methanol (75 c.c.) was cooled to —60° and treated with a solution of diacetyl (2-9 g.) in methanol (15 c.c.) 
cooled to —30°, and then with aqueous sodium hydroxide (8 c.c.; 5N.) added dropwise with stirring 
during 5 minutes while the temperature was maintained below —30°. The reaction mixture was gradually 
heated to —10° during 1 hour, dissolution then being complete. After being kept overnight at 0° the 
solution was acidified to pH 3-0 with hydrochloric acid (d 1-19) and evaporated under reduced pressure. 
The residue was extracted with boiling chloroform (3 x 25c.c.) and the dried (Na,SO,) extract evaporated. 
Sublimation of the residue at 130—140°/2 mm. gave a colourless, crystalline sublimate (1-2 g.), m. p. 159°. 
Crystallisation from acetone-methanol gave 1-hydvoxy-2-keto-3 : 5 : 6-trimethyl-1 : 2-dihydropyrazine as 
prisms, m. p. 176—177° (Found: C, 54:3; H, 65; N. 18-5. C,H,O,N, requires C, 54-5; H, 6-5; N, 
18-2%). Light absorption in ethanol: Maxima at 2330 a., e = 11,600, and 3340a., e = 7000. The 
hydroxamic acid gives a claret colour with ferric chloride and liberates carbon dioxide from aqueous 
sodium hydrogen carbonate. It is very soluble in water, ethanol, or pyridine, slightly so in benzene, 
acetone, chloroform, or dioxan, and insoluble in light petroleum. 

2-Hydroxy-3 : 5 : 6-trimethylpyrazine (IV; R = Me).—A solution of 1-hydroxy-2-keto-3 : 5 : 6-tri- 
methyl-1 : 2-dihydropyrazine (400 mg.) in methanol (2-5 c.c.) was treated with hydrazine hydrate 
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1-0 g.; 90%) and heated at 180° for4 hours. Removal of the methanol under reduced pressure, followed 
y sublimation of the solid (350 mg.) at 100°/10 mm., gave 2-hydroxy-3 : 5 : 6-trimethylpyrazine as 
needles, m. p. 197° alone or mixed with the specimen described by Newbold and Spring (/., 1947, 373). 
1-Hydroxy-2-keto-3 : 5-dimethyl-1 : 2-dihydropyrazine (VI; R = R’ = Me).—By the method described 
above, a solution of methylglyoxal (1-5 g.) in methanol (25 c.c.) was treated with DL-alanine hydroxamic 
acid (1-8 g.) in water (75 c.c.) and methanol (75 c.c.) in the presence of sodium hydroxide solution (6 c.c, : 
5N.). After acidification to pH 3-0 the light-yellow solution was evaporated to dryness under reduced 
ressure, and the residue extracted with boiling chloroform (5 x 20 c.c.) and then with boiling methanol 
2 X 25c.c.). Evaporation of the extracts gave yellow prisms, m. p. 118—120° (1-2 g.), sublimation of 
which at 90°/10-° mm. followed by crystallisation of the sublimate from acetone gave 1-hydroxy-2-heto. 
3 : 5-dimethyl-1 : 2-dihydropyrazine as colourless needles, m. p. 135° (Found: C, 51-4; H, 5-9; N, 20-3, 
C,H,O,N, requires C, 51-4; H, 5:7; N, 200%). Light absorption in ethanol: Maxima at 23404, 
e = 8000, and 3300 a., ¢ = 5400. The hydroxamic acid gives a claret colour with ferric chloride solution 
and liberates carbon dioxide from sodium hydrogen carbonate solution. 

2-Hydroxy-3 : 5-dimethylpyrazine.—Treatment of 1-hydroxy-2-keto-3 : 5-dimethyl-1 : 2-dihydro- 
pyrazine (0-3 g.) with hydrazine as described above gave a product (0-13 g.) which was purified by 
sublimation at 140°/2 mm., followed by crystallisation from light petroleum (b. p. 60—80°) from which 
2-hydroxy-3 : eT separated as prisms, m. p. 146—147° (Found: C, 58:2; H 
22-4. Calc. for C,H,ON,: C, 58-1; H, 6-45; N, 22.6%). Light absorption in ethanol : 
2280 a., « = 5000, and 3270 a.,¢ = 4200. Jones (J. Amer. Chem. Soc., 1949, 71, 78) gives m. p. 145—146° 
for 2-hydroxy-3 : 5-dimethylpyrazine obtained by condensation of methylglyoxal and DL-alanine amide. 

1-Hydroxy-2-keto-5-phenyl-3-methyl-1 : 2-dihydropyrazine (VI; R= Me, R’ = Ph).—A solution of 
DL-alanine hydroxamic acid (3-0 g.) in water (75 c.c.) and methanol (50 c.c.) was condensed with phenyl- 
glyoxal hydrate (5-1 g.) in methanol (35 c.c.) in the presence of sodium hydroxide solution (8 c.c.; 5.N.) as 
described above. Acidification of the reaction mixture to pH 3-0 with hydrochloric acid (d 1-19) gave 
a solid (3-6 g.; m. p. 183°) which was collected after cooling at 0° for 1 hour. After sublimation at 
140°/10~ mm., followed by crystallisation from aqueous methanol, 1-hydroxy-2-keto-5-phenyl-3-methyl- 
1 ; 2-dihydropyrazine separated as needles, m. p. 185° (Found: C, 65-5; H, 5-2; N, 14-2. C,,H,,0,N, 
requires C, 65-35; H, 4:95; N, 13-9%). Light absorption in ethanol: Maxima at 2810 a., e = 17,500, 
and 3450 a., e = 8800. The hydroxamic acid is soluble in sodium hydrogen carbonate solution with 
effervescence and gives a claret colour with aqueous ferric chloride. 

2-Hydroxy-5-phenyl-3-methylpyrazine.—Treatment of 1l-hydroxy-2-keto-5-phenyl-3-methyl-l : 2-di- 
hydropyrazine (0-5 g.) with methanolic hydrazine gave 2-hydroxy-5-phenyl-3-methylpyrazine (0-42 g.) 
which after sublimation at 140°/10~ mm. and crystallisation from methanol formed needles, m. p. 222— 
223° (Found : C, 71-25; H, 5-7; N, 15-05. Calc. for C,,H,ON,: C, 71-0; H, 5-4; N, 15-05%). Light 
absorption in ethanol : Maxima at 2760 a.,e = 17,100, and 3400 a.,e¢ = 6500. Aspecimen of 2-hydroxy- 
5-phenyl-3-methylpyrazine prepared as described by Jones (loc. cit.) was obtained as needles (from 
methanol), m. p. 222—223° alone or when mixed with that described above. Jones gives m. p..212—213° 
for this compound, 

1-Hydroxy-2-keto-5-phenyl-1 : 2-dihydropyrazine (VI; R =H, R’ = Ph).—Glycine hydroxamic acid 
(Ley and Mannchen, Ber., 1913, 46, 754; Jones and Sneed, J. Amer. Chem. Soc., 1917, 39, 673) (3-0 g.), 
suspended in methanol (20 c.c.), was cooled below —30° and treated with a similarly cooled solution of 
phenylglyoxal hydrate (4-5 g.) in methanol (20 c.c.). Aqueous sodium hydroxide (8-3 c.c.; 5.N.) was 
added with stirring. The temperature was allowed to rise to —3° during 2 hours and maintained at this 
temperature overnight. Water (20 c.c.) was added and the mixture heated to 40° for 14 minutes; 
dissolution was then complete. The cooled solution was adjusted to pH 4-5 with dilute hydrochloric 
acid, and the solid collected and sublimed at 130°/10-* mm. to give a yellow sublimate (250 mg.). 
Crystallisation from methanol yielded 1-hydroxy-2-keto-5-phenyl-1 : 2-dihydropyrazine as plates, m. p. 
194—196° (decomp.) (Found: C, 63-9; H, 4:3; N, 15-1. C,H,O,N, requires C, 63-8; H, 4-25; N, 
14-9%). Light absorption in ethanol: Maxima at 2700a., e = 13,600, and 3620 a., ¢ = 5800. The 
hydroxamic acid is soluble in hot methanol and ethanol; it gives a claret colour with aqueous ferric 
chloride and liberates carbon dioxide from aqueous sodium hydrogen carbonate. 

DL-Phenylglycine Hydroxamic Acid (II; R= Ph).—A solution of pit-phenylglycine methyl ester 
hydrochloride (20-15 g.) in methanol (50 c.c.) was treated with sodium methoxide (5-4 g.) in methanol 
(50 c.c.). The mixture was filtered from salt, and the filtrate treated at 0° with a methanolic solution of 
hydroxylamine, prepared from hydroxylamine hydrochloride (13-9 g.) in methanol (200 c.c.) and sodium 
methoxide (10-8 g.) in methanol (100c.c.). After 4 days at 0° the solution was evaporated under reduced 
pressure. The residue was triturated with cold water (25 c.c.) and filtered, and the solid washed with a 
little cold water and dried (yield, 7-5 g.); m. p. 168—169° (decomp.). v1%-Phenylglycine hydroxamic 
acid separates from water as sheaves of plates, m. p. 169° (decomp.) (Found: C, 58-3; H, 6-1; N, 17-2. 
C,H» O,N, requires C, 57-8; H, 6-0; N, 16-9%). 

1-Hydroxy-2-keto-3-phenyl-5 : 6-dimethyl-1 : 2-dihydropyrazine (III; R = Ph).—pt-Phenylglycine 
hydroxamic acid (1-66 g.), suspended in methanol (20 c.c.) and water (5 c.c.) and cooled at —30°, was 
treated with a solution of diacetyl (0-9 g.) in methanol (5 c.c.) at the same temperature. The mixture 
was treated with sodium hydroxide solution (6-25 c.c.; 2Nn.) during 5 minutes with vigorous stirring 
below —30°. The temperature of the reaction mixture was allowed to rise to —15° and was maintain 
at this temperature for 45 minutes, dissolution then being complete. After 2 hours at 0° the solution 
was adjusted to pH 6-0 with dilute hydrochloric acid and evaporated to dryness under reduced pressure. 
The residue was extracted with hot chloroform, and the extract evaporated to yield a yellow solid (0-71 g.), 
m. p. 150—152°. Sublimation at 130/10"? mm., followed by crystallisation from methanol, gave 
1-hydvoxy-2-keto-3-phenyl-5 : 6-dimethyl-1 : 2-dihydropyrazine as pale yellow prisms, m. p. 154—156° 
(Found: C, 66-8; H, 5-7; N, 13-05.. C,,H,,0,N, uires C, 66-7; H, 5-6; N, 13-0%). Light 
absorption in ethanol: Maxima at 2570 a., e = 9500, and 3700 a., e = 14,200. A methanolic solution 
of the acid gives a deep red colour with ferric chloride and dissolves in sodium hydrogen carbonate 
solution with effervescence. 
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2-Hydroxy-3-phenyl-5 : 6-dimethylpyrazine (IV; R = Ph).—The hydroxamic acid (III; R = Ph) 
(200 mg.) was heated with hydrazine hydrate (2 c.c.; 90%) in ethanol (3 c.c.) at 160° for 14 hours. After 
filtration from a trace of insoluble material, the solution was evaporated under reduced pressure. The 
solid residue crystallised from ethanol as small pale yellow needles, m. p- 235—238°, and sublimed 
readily at 150—160°/10-* mm. (Found: C, 72-2; H, 5-9; N, 14-2. Calc. for C,,H,,ON,: C, 72-0; H, 
60; N, 140%). Light absorption in ethanol: Maxima at 2560 a., e = 9800, and 3650 a., e = 12,200. 
A sample of the hydroxypyrazine pr from ap meee gy +e amide and diacetyl after Jones 
(loc. cit.) was — by many recrystallisations from ethanol, followed by sublimation. It had m. p. 
934—237° and was undepressed on admixture with the specimen described above; Jones gives m. p. 

2—226°. 
“ 1-Hydroxy-2-keto-3 : 5-diphenyl-1 : 2-dihydropyrazine (VI; R= R’ = Ph).—A solution of phenyl- 
glyoxal hydrate (3-04 g.) in methanol (30 c.c.) at —30° was added to a suspension of pi-phenylglycine 
hydroxamic acid (3-33 g.) in methanol (30 c.c.) and water (20 c.c.) at —30°. Sodium hydroxide solution 
(12-5 c.c.; 2N.) was added dropwise during 5 minutes, and the mixture stirred at —30° for 15 minutes. 
The temperature was raised to 0° during the next 30 minutes, dissolution being then complete. Stirring 
was continued at 0° for 1 hour and then for a further 2 hours at 10°. The solid (A) (2-4g.) was collected 
and the filtrate acidified to pH 4-0, a yellow solid (B) separating. The solid (B) was collected, washed 
with water, and dried (2-65 g.; m. p. 160—163°). Recrystallisation of B from ethyl acetate-light 

troleum (b. p. 40—60°) gave l-hydroxy-2-keto-3 : 5-diphenyl-1 : 2-dihydropyrazine (1-85 g.) as scintillating 
Coen-yellow plates, m. p. 165—166° after sintering at 160° (Found: C, 73-1; H, 4:5; N, 11-0. 
CysH20,N, requires C, 72-7; H, 4-5; N, 10-6%). Light absorption in ethanol: Maxima at 2770 a4., 
e = 17,300, and 3890 a.,e = 7700. Theacid is insoluble in water, sparingly soluble in ether or methanol, 
and soluble in ethyl acetate or chloroform. An ethyl acetate-methanol solution gives a deep red 
colour with the ferric reagent. The compound does not liberate carbon dioxide from aqueous sodium 
hydrogen carbonate but dissolves in warm 2N-sodium hydroxide. The solid (A) is a sodium salt (residue 
on ignition). A solution of (A) in hot aqueous methanol was acidified to pH 4-0 with dilute hydrochloric 
acid, whereupon 1l-hydroxy-2-keto-3 : 5-diphenyl-1 : 2-dihydropyrazine (1-7 g.) separated, having m. p. 
162—165° alone or when mixed with the specimen described above. 

2-Hydroxy-3 : 5-diphenylpyrazine.—(a) 1-Hydroxy-2-keto-3 : 5-diphenyl-1 : 2-dihydropyrazine (200 
mg.) was heated with hydrazine hydrate (2 c.c.; 90%) and ethanol (3 c.c.) at 160—170° for 2 hours. 
The reaction mixture was evaporated to dryness under reduced pressure and the residue crystallised 
from glacial acetic acid, from which 2-hydroxy-3 : 5-diphenylpyrazine (125 mg.), m. p. 270—272°, 
separated as pale yellow needles (Found: C, 77-0; H, 5:2; N, 11-0. C,sH,,ON, requires C, 77-4; H, 
48; N, 11-3%). Light absorption in ethanol: Maxima at 2780 a., e = 19,300, and 3720 a., « = 9200. 
A mixture with 3-hydroxy-2 : 5-diphenylpyrazine (Gallagher, Newbold, Spring, and Woods, this vol., 
p. 910; m. p. 283°) had m. p. 239—252°. 

(b) pt-Phenylglycine amide (1-5 g.) in methanol (15 c.c.) was cooled to —30° and treated with a 
solution of Dae hl hydrate (1-52 g.) in methanol (20 c.c.) at —30°. Sodium hydroxide (6-25 c.c. ; 
2n.) was added dropwise, with stirring, during 15 minutes at —20°. The mixture was kept at 0° for 
2 hours and then acidified to pH 5-0 with dilute hydrochloric acid. The solid (1-2 g.) was collected and 
crystallised from glacial acetic acid from which 2-hydroxy-3 : 5-diphenylpyrazine was obtained as pale 
yellow aT} mE 270—272° alone or mixed with the specimen described under (a) (Found: C, 77-7; 
H, 5-0; N, 11-0%). 

Cinnamylideneglycine Hydroxamic Acid.—Glycine hydroxamic acid (2-0 g.) was treated with a solution 
of cinnamaldehyde (3-0 g.) in ethanol (25 c.c.), and the mixture heated under reflux for 30 minutes, 
dissolution being then complete. On cooling a solid separated which was crystallised from 
aqueous ethanol, to give cinnamylideneglycine hydroxamic acid (1-3 g.) as small pale orange prisms, 
m. p. 204° (decomp.). This acid is insoluble in water but soluble in 3N-sodium hydroxide (Found : 
C, 65-4; H, 6-0. C,,H,,0,N, requires C, 64-7; H, 5-9%). 

2-Bromocinnamylideneglycine Hydroxamic Acid.—Glycine hydroxamic acid (5-0 g.) was treated with 
2-bromocinnamaldehyde (11-7 g.) in ethanol (900 c.c.), and the mixture heated under reflux until 
dissolution was complete (25 minutes). The crystalline product (11 g.) separating on cooling was 
collected and c i from ethanol; 2-bromocinnamylideneglycine hydroxamic acid separated as 
needles, m. p. 157—158° (decomp.) (Found: C, 46-6; i. 3-9; N, 9-4. C,,H,,O,N,Br requires C, 
46-65; H, 3-9; N, 9-9%). Light absorption in ethanol: Maximum at 2525 a., e = 6800. The acid 
is insoluble in water but soluble in 3n-sodium hydroxide, and dissolves slowly in a saturated sodium 
hydrogen carbonate solution without effervescence. 

A solution of 2-bromocinnamylideneglycine hydroxamic acid (0-5 g.) in 3n-sodium hydroxide solution 
(0-6 c.c.) was treated dropwise with benzoyl chloride (0-25 g.). The solid was collected, washed with hot 
light petroleum (b. p. 60—80°), and crystallised from ethanol, to give the dibenzoyl derivative (0-2 g.) as 
colourless needles, m. p. 185° (Found : C, 61-0; H, 3-6; N,5-5. C,,H,,O,N,Br requires C, 61-1; H, 3-9; 
N, 57%). Reduced-pressure evaporation of the ethanolic mother-liquors from the dibenzoyl derivative 


gave a residue which was crystallised from ethanol to give the woe ¥ derivative (50 mg.) as colourless 


needles, m. p. 225° (decomp.) (Found: C, 56-1; H, 4-0. C,,H,,O,N,Br requires C, 55-8; H, 3-9%). 
The monobenzoyl derivative is soluble in 3N-sodium hydroxide. 

1-Hydvoxy-2-keto-6-benzyl-1 : 2-dihydropyrazine.—A refluxing solution of 2-bromocinnamylidene- 
glycine hydroxamic acid (4 g.) in dry ethanol (500 c.c.) was treated with a solution of sodium (0-33 g.) in 
dry ethanol (20 c.c.). After 30 minutes the mixture was filtered and the filtrate concentrated under 
teduced pressure to 50c.c. The solid (2 g.) separating on dilution of the solution with water was collected 
(solution A), dried, and crystallised from ethanol. It proved to be 2-bromocinnamylideneglycine 
hydroxamic acid, m. p. 158° (decomp.). 

Acidification of the solution A precipitated a crystalline solid (1-2 g.) which after crystallisation from 
benzene, sublimation at 100°/10-? mm., and crystallisation from , senna gave l-hydroxy-2-keto-6- 
benzyl-1 : 2-dihydropyrazine as small needles, m. p. 171° (Found: C, 65-7; H, 5-4; N, 139%; equiv., 

C,,HO,N, requires C, 65-3; H, 5-0; , 13-9%; equiv., 202). The acid is soluble with 
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effervescence in sodium hydrogen carbonate solution, and gives an intense red colour with aqueous ferric 
chloride solution. Light absorption in ethanol : Maxima at 2350 a., e = 13,200, and 3330 a., ¢ = 9800. 

a-Amino-n-butyrohydroxamic Acid.—To a solution of hydroxylamine (15 g.) in methanol (200 c.c.) was 
added methyl a-amino-n-butyrate (11-5 g.), and after 3 days at 0° the crystalline solid (5-0 g.) ws collected. 
Crystallisation from water gave a-amino-n-butyrohydroxamic acid as small prisms, m. p. 166—167° 
(Found : C, 41-0; H, 8-6. C,H,,O,N, requires C, 40-7; H, 8-5%). 

a-(2-Bri innamyliden ino)-n-butyrohydroxamic Acid.—a-Amino-n-butyrohydroxamic acid (3 g.) 
was heated under reflux with 2-bromocinnamaldehyde (5-4 g.) in ethanol (250 c.c.) until dissolution was 
complete (30 minutes). On cooling, a crystalline solid (4-2 g.) separated, which after crystallisation 
from ethanol gave a-(2-bromocinnamylideneamino)-n-butyrohydroxamic acid as transparent plates, m. p, 
166° (decomp.) (Found : C, 50-3; H, 5-1; N,9-1. C,,;H,,O,N,Br requires C, 50-2; H, 4-8; N, 9-0%). 

1-H ydroxy-2-keto-3-ethyl-6-benzyl-1 : 2-dihydropyrazine.—A refluxing solution of the foregoing 
hydroxamic acid (3-0 g.) in dry ¢ert.-butyl alcohol (220 c.c.) was treated with a solution of potassium 
(0-38 g.) in dry #ert.-butyl alcohol (20 c.c.), and the mixture heated under reflux for 5 hours. Potassium 
bromide (0-4 g.) was removed and the filtered solution evaporated to near-dryness under reduced pressure, 
After acidification with dilute hydrochloric acid the mixture was evaporated to dryness, and the residue 
extracted with hot benzene (500 c.c.). The extract (charcoal) was evaporated to dryness, the residue 
washed with a little ethanol, and the solid (80 mg.) collected. Sublimation at 100°/10 mm. and 
crystallisation from benzene gave 1-hydroxy-2-keto-6-benzyl-3-ethyl-1 : 2-dihydropyrazine in clusters of 
small pale yellow prisms, m. p. 137—138° (Found: C, 68:1; H, 6-3; N, 11-9. C,3;H,,O,N, requires 
C, 67-8; H, 6-1; N, 12-2%). his is soluble with effervescence in sodium hydrogen carbonate solution 
and gives a deep red colour with aqueous ferric chloride solution. Light absorption in ethanol: Maxima 
at 2350 a., ¢ = 13,900, and 3290 a., e = 10,600. 
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573. Replacement of Substituents in. Derivatives of mesoBenzanthrone. 
By WILLIAM BRADLEY. 


The ability of mesobenzanthrone to undergo self-condensation is associated with the ready 
transmission of the effect of the carbonyl group through the component naphthalene nucleus. 
A further example of the effect is found in the replacement, by other amines, of amino-, 
alkylamino-, dialkylamino-, aralkylamino-, and arylamino-groups attached to position 6 of 
mesobenzanthrone. The mechanism of the replacement reaction is discussed. 


THE intermediate formation of the 4-mesobenzanthronyl anion during the conversion of meso- 
benzanthrone into 4 : 4’-dimesobenzanthronyl implies that the electron-attracting effect of the 
carbonyl group is very readily transmitted through the mesobenzanthrone nucleus. This 
‘accords with the development of an intense orange-red colour when mesobenzanthrone is dis- 
solved in concentrated sulphuric acid (Bally and Scholl, Ber., 1911, 44, 1665), with the occurrence 
of deeply coloured alkali derivatives of 3-, 4-, and 6-acylaminomesobenzanthrones (J. Soc. 
Dyers Col., 1942, 58, 2), with the mobility of halogen substituents attached to position 6 of 
mesobenzanthrone (Bradley and Jadhav, j., 1948, 1746), and the ready hydrolysis of 
6-aminomesobenzanthrone (Bradley, ibid., p. 1175). 6: 6’-Dimesobenzanthronylamine (I) 
forms an alkali derivative and is very easily hydrolysed by alkalies to form a mixture of 
6-hydroxymesobenzanthrone (II; X = OH) and 6-aminomesobenzanthrone (II; X = NH,) 
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(J., 1948, 1175). In these respects it resembles an acid imide, of which it may be regarded as a 
vinylogue (Fuson, Chem. Reviews, 1935, 16,1). Similarly it decomposes when heated with 2- 
phenylethylamine, yielding 6-2’-phenylethylaminomesobenzanthrone (II; X = NH*CH,°CH,Ph). 
An investigation of the scope of this and similar reactions has shown that amino-, alkyl- 
amino-, dialkylamino-, aralkylamino-, and arylamino-substituents in mesobenzanthrone are all 
replaceable by amines under appropriate conditions. Generally the replacement of aromatic 
substituents by amines occurs the more easily the more stable are the substituents in the form of 
anions. Amino- and substituted amino-groups are among the more difficult to replace and the 
numerous examples recorded in the present communication emphasize the considerable degree 
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to which the effect of the carbonyl group is carried through the naphthalene component of the 
mesobenzanthrone nucleus. Heating 6-aminomesobenzanthrone with benzylamine yields 
6-benzylaminomesobenzanthrone (Il; X = NH*CH,Ph) identical with the product obtained by 
heating 6-iodomesobenzanthrone (Bradley and Jadhav, J., 1948, 1622) with benzylamine. The 
same product is obtained by treating benzylamine with 6-methylamino-, 6-anilino-, 6-N- 
methylanilino-, and 6-morpholino-mesobenzanthrone. Similarly, heating with 2-phenylethyl- 
amine transforms 6-p-chloroanilinomesobenzanthrone into 6-2’-phenylethylaminomesobenzan- 
throne identical with the compound obtained by treating 6-iodomesobenzanthrone with 
2-phenylethylamine. 
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The easy replacement of a morpholino- or N-methylanilino-substituent which occurs when 
6-morpholino- or 6-N-methylanilino-mesobenzanthrone is heated with benzylamine indicates 
that in these instances the reaction consists of a simple displacement of the substituent. In 
other cases addition of benzylamine or 2-phenylethylamine may occur to a modified form of the 
mesobenzanthrone derivative (III), but it is unlikely that this mechanism is involved because 
all of the replacements occur under approximately the same conditions. It would be expected 
that the replacement reaction would occur the more readily the more strongly basic the displacing 
amine. This has been shown by the superiority of benzylamine in comparison with aniline 
when these amines are used at their boiling points. The replacement reaction is reversible. 
Heating with 2-phenylethylamine transforms 6-benzylaminomesobenzanthrone into 6-2’- 
phenylethylaminomesobenzanthrone, and the reverse change is brought about by heating 
6-2’-phenylethylaminomesobenzanthrone with benzylamine. If, as appears probable, the 
replacement reaction consists in the direct displacement of the substituent an intermediate 
stage represented by (IV) must be involved : 


CH,Ph-NH NH-CH,CH,Ph 
i (Iv3 


In other experiments 6-benzylaminomesobenzanthrone was hydrolysed to 6-hydroxymeso- 
benzanthrone (Bradley and Jadhav, J., 1937, 1791) and formed again by heating the hydroxy- 
derivative and its boroacetate with benzylamine. In parallel experiments 6-2’-phenylethyl- 
aminomesobenzanthrone was hydrolysed to 6-hydroxymesobenzanthrone, and the former was 


regenerated by heating the boroacetate of 6-hydroxymesobenzanthrone with 2-phenylethyl- 
amine. 


EXPERIMENTAL, 


6-Benzylaminomesobenzanthrone.—(a) 6-lodomesobenzanthrone (Bradley and Jadhav, /., 1948, 
1625) (1 g.) was heated under reflux with benzylamine (5 c.c.) during 5 hours. The product crystallised 
on cooling. It, was stirred with 50 c.c. of 20% hydrochloric acid, and the yellow crystalline residue was 
collected, washed with water, and ptt nc be from acetic acid and then from alcohol in which it 
was sparingly soluble. 6-Benzylaminomesobenzanthrone forms yellow rods, m. p. 192—192-5° (Found : 
C, 85-7; H, 5-0; N, 4-2. C,,H,,ON requires C, 85-9; H, 5-1; N, 4-2%). It dissolves in concentrated 
sulphuric acid with a cherry-red colour. Its yellow solution in pyridine shows no change in colour when 
amyl-alcoholic potassium hydroxide is added. 

(6) 6-Hydroxymesobenzanthrone boroacetate (4-5 g.) was added to 15 c.c. of benzylamine. A 
mildly exothermic reaction ensued. The suspension was heated under reflux. It rapidly formed a 
deep-brownish-yellow solution, and after 1 hour this was cooled and added to dilute hydrochloric acid. 
The undissolved material was collected, washed with water, and dissolved in benzene, the solution 
passed through a short column of alumina, and the adsorbed product eluted by means of benzene and 
recovered by evaporating the eluate. Finally it was recrystallised from alcohol. The product had m. p. 
191—192° (Found : C, 85-7; H, 5-2; N, 46%). 
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(c) A solution containing 0-4 g. of 6-hydroxymesobenzanthrone in 4 c.c. of benzylamine was heated 
under reflux during 3 hours. The cooled product was added to excess of 20% hydrochloric acid, and the 
acid solution was filtered and basified with ammonia. The a itated yellow solid, collected and 

-in 


rec i from alcohol, had m. p. 191—192°. The acid-insoluble portion of the product wag 
extracted by means of benzene, and the benzene solution washed with water, dried, and then chromato. 
graphed on a short column of alumina. The least strongly adsorbed fraction of the product formed a 
yellow band, and this was eluted by means of benzene and recovered as a yellow solid on evaporating the 
eluate. Recrystallisation from alcohol gave yellow rods, m. p. 191—192° (Found: C, 85-5; H, 53: 
N, 43%). Yield, 0-02 g. The m. p. was not depressed on mixing the substance with 6-benzylamino. 
mesobenzanthrone prepared by heating 6-aminomesobenzanthrone with benzylamine. 

6-Morpholi obenzanthrone.—A solution containing 0-29 g. of 6-iodomesobenzanthrone in 3 ¢.¢, 
of morpholine was heated under reflux during 4 hours. The ee product was added to dilute 
hydrochloric acid, and the yellow precipitate which formed was dissolved by heating the mixture with 
concentrated hydrochloric acid. The filtered orange-yellow solution gave a —. of the crude base 
when water was added. The precipitate was collected, washed by water, and recrystallised from alcohol, 
6-Morpholinomesobenzanthrone forms orange-yellow prisms, m. p; 170—171° (Found: C, 80-0; H, 
5-1; N, 4-6. C,,H,,0,N requires C, 80-0; H, 5-4; N, 44%). It dissolves in concentrated sulphuric 
acid with a cherry-red colour, but its solution in pyridine does not undergo any change in colour on addi- 
tion of a few drops of amyl-alcoholic potassium hydroxide. 

Hydrolysis. 6-Morpholinomesobenzanthrone (0-05 g.) was heated under reflux during 3 hours with 
a solution of potassium hydroxide (0-4 g.) in amyl alcohol (9 c.c.). The product was added to water, the 
amyl alcohol evaporated, and the residual yellow solid collected. Recrystallisation from benzene gave 
6-hydroxymesobenzanthrone, m. p. 176—177°. 

6-2’-Phenylethylaminomesobenzanthrone.—(a) A solution containing 6-iodomesobenzanthrone (0-3 g.) 
in 5 c.c. of 2-phenylethylamine was heated at the b. p. during 4 hours. The product crystallised on cool- 
ing. It was stirred with dilute hydrochloric acid, and the insoluble material collected and crystallised 
from ethyl alcohol in which it was sparingly soluble. The purified material was dissolved in benzene, 
the solution chromatographed on alumina, and the 6-2’-phenylethylaminomesobenzanthrone washed 
through the column by means of benzene. The evaporated eluate gave a residue which was agai 
crystallised from alcohol. The base crystallised in canary-yellow needles, m. p. 154—155° (Found: 
C, 85-4; H, 5-5; N, 4:1. C,,H,,ON requires C, 85-9; H, 5-5; N, 40%). The colour of its solution 
in concentrated sulphuric acid was cherry-red. The yellow colour of its solution in pyridine was not 
affected by addition of amyl-alcoholic potassium hydroxide. 

(b) 6-Hydroxymesobenzanthrone boroacetate (4-5 g.) was added to 14 c.c. of 2-phenylethylamine, 
A mildly exothermic reaction occurred. The suspension dissolved readily on warming, and after heating 
under reflux during 1-25 hours the product was isolated by cooling, adding the mixture to dilute hydro- 
chloric acid, and collecting the precipitate. After recrystallisation from alcohol, 1-1 g. of yellow needles 
were obtained, having m. p. 155° (Found: C, 85-4; H, 5-6; N, 4-4%). Mixing it with 6-2’-phenyl- 
ethylaminomesobenzanthrone prepared from 6-iodomesobenzanthrone and 2-phenylethylamine did not 
alter the m. p. 

Hydrolyske. A solution containing 1 g. of 6-2’-phenylethylaminomesobenzanthrone in 15 c.c. of amyl 
alcohol was heated under reflux with 1 g. of potassium hydroxide. A yellow crystalline product 
separated quickly from the dark brownish-yellow solution. er 1-5 hours 20 c.c. of alcohol was added 
and the product kept overnight. The crystalline precipitate was collected, washed in turn with alcohol, 
water, dilute hydrochloric acid, and finally.with water, and then dried. The crystals had m. p. 150° (crude), 
and m. p. 155° (recrystallised from alcohol), not depressed on mixing with 6-2’-phenylethylaminomeso- 
benzanthrone after recrystallisation from alcohol. The original mother-liquor was ae to expel 
alcohol. Crystals separated and these were collected and recrystallised from alcohol (Found: C, 82-9; 
H, 4-2. Calc. for C,,H,»O: C, 82-9; H,4:1%). Them. p. was 176°, not depressed by admixture with 
6-hydroxymesobenzanthrone. 

Benzylamine and 6-Aminomesobenzanthrone.—A solution containing 6-aminomesobenzanthrone 
(0-5 g.) in benzylamine (5 c.c.) was heated at the b. p. for 5 hours. The cooled product was mixed with 
10% hydrochloric acid (100 c.c.), and the yellow precipitate dissolved in benzene. The benzene solution 
was washed with water, dried (Na,SO,), and chromatographed on alumina (B.D.H. for chromatographic 
analysis). The main portion of the product was easily removed from the column by means of benzene. 
Evaporation of the eluate and a ae of the residue from alcohol gave yellow needles, m. p. 
192—192-5° (Found: C, 85-6; H, 5-0; N, 4-1. Calc. for C,H,,ON: C, 85-9; H, 5-1; N, 4:2%), 
unaltered by admixture with 6-benzylaminomesobenzanthrone prepared from 6-iodomesobenzanthrone 
and benzylamine. 

After the benzylamine derivative had been removed from the column, repeated washing with benzene 
removed unchanged 6-aminomesobenzanthrone, m. p. 186° (Found: C, 82-9; H, 4:5; N, 6-0. Calc. 
for C,,H,,ON: C, 83-2; H, 4-5; N, 5-7%). 

Benzylamine and 6-Methylami »benzanthrone.—A solution containing 0-1 g. of 6-methylamino- 
mesobenzanthrone in 3 c.c. of benzylamine was heated under reflux during 6 hours and the product 
isolated by cooling, acidification, extraction with benzene, and chromatography on alumina. The main 

rtion of the ym se was obtained in the form of yellow rods, m. p. 185° (Found: C, 85-5; H, 5-2; 

, 41. Calc. for C,,H,,ON: C, 85-9; H, 5-1; N, 4-2%), consisting of slightly impure 6-benzylamino- 
mesobenzanthrone. 

Benzylamine and 6-Anilinomesobenzanthrone.—A solution of 6-anilinomesobenzanthrone (0-04 g.) 
in benzylamine (2-5 c.c.) was heated under reflux for 6 hours. The initial deep-brown colour of the 
solution became paler. Alcohol was added and then dilute acetic acid, and the yellow precipitate was 
crystallised from alcohol. It formed yellow rods, m. p. 184—185°, which consisted essentially of 6- 
benzylaminomesobenzanthrone (Found : C, 85-4; H, 5-0. Calc. for C,,H,,ON: C, 85-9; H, 5-1%). 

A similar uct, m. p. 184°, was obtained when 6-N-methylanilinomesobenzanthrone (0-02 g.) was 
heated with benzylamine (2 c.c.) and the product isolated by adding it to dilute hydrochloric acid, 
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extraction with benzene, and Guenvensty on alumina. On the other hand, when 6-f-naphthyl- 
aminomesobenzanthrone (0-1 g.) was heated under reflux with benzylamine (2 c.c.) during 4 hours the 


crude product, m. p. 160—162°, contained a considerable proportion of unchanged naphthylaminomeso- 
benzanthro 


ne. 

Benzylamine and 6-Morpholinomesobenzanthrone.—A solution of 6-morpholinomesobenzanthrone 
(003 g.) in 3 c.c. of benzylamine was heated under reflux during 5 hours. The cooled product was 
added to dilute acetic acid, and the yellow precipitate extracted by means of benzene. e benzene 
extracts were washed with water, dried (Na,SO,), concentrated, and then chromatographed on alumina. 
The main fraction was weakly adsorbed and easily eluted by means of benzene. The evaporated eluate 
gave canary-yellow crystals, m. p. 188—189°, and these recrystallised from alcohol had m. p. 191—192° 
(Found: C, 86-3; H, 6-2; N, 4-2. Calc. for C,H,,ON: C, 85-9; H, 5-1; N, 4:2%), not depressed by 
mixing them with 6-benzylaminomesobenzanthrone prepared from 6-iodomesobenzanthrone and 
benzylamine. 

Benzylamine and 6-2’-Phenylethylaminomesobenzanthrone.—6-2’-Phenylethylaminomesobenzanthrone 
(0-6 g.) was heated under reflux with benzylamine (10 c.c.) during 24 hours. The product was isolated 
by addition of water and then excess of dilute hydrochloric acid, and filtering off the yellow crystalline 
precipitate. Recrystallisation from alcohol gave yellow rods, m. p. 190—191° (Found: C, 86-0; H, 
61; N, 4:3. Calc. for C,H,,ON: C, 85-9; H, 5-1; N, 42%). 

2-Phenylethylamine and 6-p-Chloroanilinomesobenzanthrone.—A solution containing 0-1 g. of 6-p- 
chloroanilinomesobenzanthrone in 4 c.c. of 2-phenylethylamine was heated under reflux during 6 hours. 
The product was isolated by cooling, pouring into dilute hydrochloric acid, and dissolving the precipitate 
in benzene. The benzene extract, washed with water, dried (Na,SO,), and concentrated, was chromato- 
graphed on alumina. The least easily adsorbed fraction was eluted by means of benzene, recovered by 
evaporating the eluate, and recrystallised from alcohol. It formed yellow needles, m. p. 155—156° 
(Found: C, 85-2; H, 5-5; N, 3-9. Calc. for C,,H,,ON : C, 85-9; H, 5-5; N, 4-0%), not depressed on 
mixing them with 6-2’-phenylethylaminomesobenzanthrone prepared by heating 2-phenylethylamine 
with 6-iodomesobenzanthrone. 

2-Phenylethylamine and 6: 6’-Dimesobenzanthronylamine.—A suspension containing 0-3 g. of 
6 : 6’-dimesobenzanthronylamine in 4 c.c. of 2-phenylethylamine was heated under reflux during 1-75 
hours, then cooled, and added to excess of 10% hydrochloric acid. The brown precipitate which separ- 
ated was almost completely soluble in a small volume of glacial acetic acid. The filtered solution was 
added to water, the suspension made alkaline, and the precipitate extracted by means ofbenzene. After 
being washed with water, dried (Na,SO,), and concentrated, the solution was chromatographed on 
alumina. The least readily adsorbed material formed an orange band, and when this had been eluted 
the main product followed as a yellow band. The eluted yellow band gave yellow crystals which 
separated from ethyl alcohol in needles, m. p. 155—156° (Found: C, 861; H, 4-6; N, 4-2. Cale. for 
C,;,H,ON : C, 85-9; H, 5-5; N, 40%). The m. p. was not depressed by admixture with 6-2’-phenyl- 
ethylaminomesobenzanthrone repared. from 6-iodomesobenzanthrone. 

2-Phenylethylamine and 6-Benzylaminomesobenzanthrone.—A solution containing 0-7 g. of 6-benzyl- 
aminomesobenzanthrone in 10 c.c. of 2-phenylethylamine was heated under reflux during 24 hours. The 
cooled product was mixed with excess of 10% hydrochloric acid, and the almost black precipitate 
collected after being kept overnight. Extraction by means of hot alcohol (40 c.c.) left a bright yellow 
residue which was then separated and dissolved in a further portion of hot alcohol. Crystals, m. p. 
154—155°, separated readily from the second solution, and these had the same m. p. after further 
recrystallisation we alcohol (Found: C, 86-0; H, 53; N, 4:3. Calc. for C,,H,,ON: C, 85-9; 
H, 5-5; N, 4-0%). 

Morpholine and 6-Substituted-aminomesobenzanthrones.—There was no evidence of any considerable 
formation of 6-morpholinomesobenzanthrone when morpholine (5 c.c.) was heated under reflux with 
6-benzylaminomesobenzanthrone (0-025 g.) during 5 hours, or when morpholine (3 c.c.) was heated under 
reflux during 7 hours with 6-8-naphthylaminomesobenzanthrone (0-02 g.). In the latter instance the 
ot was isolated by pouring into excess of dilute hydrochloric acid, and the igen sanang dissolved in 

zene and chromatographed on alumina. The adsorbed material, eluted by means of benzene, 
recovered by yew py off the solvent, and crystallised from alcohol, afforded orange-red needles, 
m. p. 189—190° (Found : C, 86-9; H, 4-7; N,4-0. Calc. for C,,H,,ON: C, 87-3; H, 4-6; N, 3-8%). 

Aniline and 6-Benzylaminomesobenzanthrone.—The product, m. p. 188—189°, isolated after boiling 
6-benzylaminomesobenzanthrone (0-15 g.) under reflux with 7 c.c. of aniline during 6 hours was unchanged 
6-benzylaminomesobenzanthrone. 

Piperidine and 6-Hydroxymesobenzanthrone Boroacetate-——There was an immediate exothermic 
reaction when 6-hydroxymesobenzanthrone boroacetate (2-8 g.) was shaken with piperidine (10 c.c.) 
which had been dried over potassium hydroxide. The deep-golden-brown solution was kept overnight 
and then added to dilute hydrochloric acid. The precipitate was collected, dried, and recrystallised from 
benzene. It formed yellow slender prisms, m. p. 175—176° (Found: C, 82-5; H, 4-2. Calc. for 
C,,7H»O,: C, 82-9; H, 4-1%) (yield, 1-5 g.), identical with 6-hydroxymesobenzanthrone. 


CLOTHWORKERS’ RESEARCH LABORATORY, THE UNIVERSITY, LEEDs. ([Received, July 13th, 1949.] 
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574. Macrozamin. Part I. The Identity of the Carbohydrate 
Component. 


By B. Lytucor and N. V. Riacs. 


The toxic compound macrozamin, first isolated by,Cooper (Proc. Roy. Soc. New South 
Wales, 1940, 74, 450) from Macrozamia spiralis, has been obtained from the Western 
Australian plant M. Riedlei. Macrozamin is shown to have the molecular formula 
C,3H,,0,,N,. It is a glycosidic compound, and the carbohydrate component has been 
identified as primeverose. Acetylation of macrozamin gives a hexa-acetyl derivative in which 
all six acetyl groups are attached to the primeverosy] residue. 


Piants of the genus Macrozamia, species of which are distributed widely in Australia, have 
long been known to be toxic to humans and animals, and at times have caused severe losses 
of sheep and cattle. The chronic condition of cattle, known to farmers as ‘‘ wobbles” or 
“staggers,” and characterised by a permanent, partial paralysis and weakness of the 
hindquarters, is usually attributed to ingestion of the leaves or underground stems. Death 
may supervene through inability of the animal to obtain food, but sufficient recovery usually 
occurs after hand-feeding for the animal to forage for itself. The acute condition induced by 
ingestion of the seeds is characterised by diarrhoea, anemia, and jaundice, and usually 
terminates rapidly and fatally (see Hurst, ‘‘ Poison Plants of New South Wales,” Sydney, 
1942, for a full account). 

Toxic material capable of producing the acute symptoms in sheep was first isolated in a 
state of purity from the seeds of Macrozamia spiralis by Cooper (Proc. Roy. Soc. New South 
Wales, 1940, 74, 450), and named macrozamin. She described it as a colourless, crystalline, 
water-soluble compound, [a]?!® —'74-8° (in water); analytical results suggested the formula 
C,H,,0;N or C,H,,0;N; the molecular weight was not determined. The presence of an 
unidentified carbohydrate component was demonstrated following hydrolysis of macrozamin 
with dilute hydrochloric acid, and, although with this reagent no hydrocyanic acid was produced, 
it was detected after macrozamin had been treated with sodium hydroxide solution and then 
acidified. It may be recalled that two other natural products, viz., hiptagin (Gorter, Bull. Jard. 
bot. Buitenzorg, 1920, [iii], 2, 187) and karakin (Easterfield and Aston, Proc. Chem. Soc., 1903, 19, 
191; Carrie, J. Soc. Chem. Ind., 1934, 58, 288T; Carter, ibid., 1943, 62, 238T) behave similarly 
in this respect; such compounds are perhaps best described as pseudo-cyanogenetic glycosides. 

Preliminary experiments made by one of us (N. V. R.) at the University of Western 
Australia showed that the seeds of the local species, M. Riedlei, contained toxic water-soluble 
material, and by the use of an isolation procedure similar to that of Cooper (loc. cit.) a crystalline 
product was obtained which had the same m. p. and reactions as macrozamin, but a somewhat 
lower optical rotation. This discrepancy was later traced to the presence in the material 
from M. Riedlei of small quantities of a contaminant, the nature of which will be described in 
a separate note; its removal left the major part of the material in a pure condition, and with 
constants showing that it was undoubtedly macrozamin. The investigation of macrozamin 
was continued collaboratively in the Cambridge Laboratory, and our initial experiments are 
reported in this communication. 

Elementary analysis and molecular-weight determinations showed that macrozamin has the 
molecular formula C,;H,,0,,N,. Acetylation with acetic anhydride and pyridine gave a hexa- 
acetyl derivative, the nature of which follows from its formula, C,,H;,0,,N,, from its reconversion 
into macrozamin by methanolic sodium methoxide, and from quantitative hydrolysis. 

The carbohydrate component of the molecule was the first to receive investigation. After 
macrozamin had been hydrolysed with dilute hydrochloric acid, and the reagent removed, a 
gum remained from which D-glucose was isolated by crystallisation as the monohydrate. 
Indications that another carbohydrate fragment, probably a pentose, was present had been 
obtained at an earlier stage, since furfuraldehyde was formed by the action of hot, concentrated 
hydrochloric acid on macrozamin. The substance responsible was identified as p-xylose by 
the isolation of its crystalline dibenzylidene dimethyl acetal (Breddy and Jones, /J., 1945, 
738) from the gummy hydrolysis product mentioned above. The optical rotation of the 
hydrolysate from a known quantity of macrozamin indicated that the two monosaccharide 
units were formed quantitatively and in equimolecular amount, and that they were the only 
optically active products of the reaction. 

Since 6-(8-p-xylosido)-p-glucose (primeverose) is widely distributed in nature as the 
glycosidic component of numerous compounds, ¢.g., ruberythric acid (Jones and Robertson, 
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I. 1933, 1167; Richter, J., 1936, 1701) and monotropitin (Robertson and Waters, J., 1931, 
1881), it was thought this disaccharide might be present in macrozamin. That this is, in fact, 
the case was shown as follows. When macrozamin was treated with hot 50% acetic acid in 
the presence of a zinc-copper couple, and the product acetylated with acetic anhydride and 

idine, a nitrogen-free substance was obtained which had the composition and optical 
rotation expected for a-hepta-acetyl primeverose. This form of the hepta-acetate had not been 
described previously but, when it was deacetylated and the product reacetylated in the 

resence of sodium acetate, it gave the known £-hepta-acetate, identical with an authentic 

sample kindly supplied by Professor Alexander Robertson. 

The reaction between macrozamin and sodium metaperiodate solution resulted in the 
consumption of 4 mols. of the oxidant, with the liberation of 2 mols. of formic acid, but no 
formaldehyde. Taken into consideration with the formation of the hexa-acetyl derivative, 
this establishes the following points: (a) in macrozamin all six secondary alcoholic hydroxyl 
groups of the primeverose residue are unsubstituted; (b) the glycosidic centre of the glucose 
unit is the only position available for the attachment of the remainder of the molecule; and 
(c) the aglycone component contains no readily acetylatable functions. The optical rotation of 
macrozamin shows that it is almost certainly a $-primeveroside, although the actual numerical 
value is perhaps somewhat greater than might be expected from its molecular weight; $-ethyl- 
primeveroside has [a], —58° (Rabaté, Bull. Soc. Chim. biol., 1938, 20, 449). 


The results obtained in the above work show that macrozamin is represented by the partial 
structure (I). 
EXPERIMENTAL. 


Isolation of Macrozamin from M. Riedlei.—Minced kernels of M. Riedlei (2-6 kg.; dry weight, 
1-4 kg.) were steeped in cold water (1 1.) for 2 hours, the liquid filtered through coarse cloth, and the 
extraction repeated (6 times in all) until the extract, when boiled with sodium hydroxide solution and 
then acidified, no longer gave appreciable amounts of hydrocyanic acid. The combined extracts were 
set aside until most of the suspended starch had settled, and the supernatant liquid was decanted, 
treated with alcohol (1% by volume) and filtered through coarse paper. The filtrate was brought 
rapidly to the b. p. so as to coagulate the protein present in it, filtered, and concentrated to a thin syrup 
(ca. 2-6 1.) under diminished pressure at 50° in an atmosphere of coal gas, with octanol to — frothing. 
The syrup was treated with alcohol (4 1.), whereby most of the remaining starch and protein was 
precipitated. The liquid was filtered and the filtrate, after being concentrated as above to small volume 
(ca. 370 c.c.) (syrup A), was treated with alcohol, with constant swirling, until the precipitated gum 
adhered to the walls of the flask (ca. 1800 c.c. of alcohol were required); after the supernatant liquid 
had become clear, it was decanted into a clean flask, the walls. of which were scratched to induce 
crystallisation, and set aside at room temperature for several days. The residual gum from the alcohol 
precipitation was dissolved in its own volume of water and treated with alcohol (ca. 5 volumes) exactly 
as described for syrup A above. The supernatant liquid furnished a further crop of crystals, and the 
residual gum was subjected to further similar treatments until no more crystals could be obtained from 
it; five such treatments were usually necessary. The combined crystal crops (12-5 g.; m. p. 192°) were 
dissolved in warm water (25 c.c.), alcohol (60 c.c.) was added, and the solution filtered and set aside. 
The colourless crystalline material so obtained had m. p. 199° (decomp.) and [a]}® —56° (c, 0-4 in water), 
unaltered by further recrystallisation. It was extracted with methanol in a Soxhlet apparatus for 
8 hours, and the methanol-insoluble material recrystallised as before, whereby pure macrozamin was 
obtained as plates, m. p. 199—200° (decomp.), [a]}® —70° (c, 0-4 in water). It suffered no loss in weight 
when dried at 100°/0-1 mm. (Found: C, 40-8, 41-1; H, 6-2, 6-7; N, 7-1, 7-4. Calc. for C,,H,,0,,N,: 
C, 40-6; H, 6:3; N,7-3%). The molecular weight was kindly determined by Dr. R. H. Stokes by an 
application of the isopiestic technique of vapour-pressure measurement described by Robinson and 
Sinclair (J. Amer. Chem. Soc., 1934, 56, 1830); a series of different concentrations was investigated, 
and the plot of apparent molecular weight against concentration gave a straight line, which was 
extrapolated to zero concentration (Found: M, 385. Calc. for C;;H,,0,,N,: M, 384). 

_ Hexa-acetyl Macrozamin.—A solution of macrozamin (1 g.) in pyridine (10 c.c.) was cooled, treated 
with acetic anhydride (10 c.c.), and set aside for 4 days. It was then evaporated under reduced pressure, 
and the residue evaporated several times with alcohol under reduced pressure in order to remove traces 
of pyridine and acetic acid, dissolved in hot alcohol (20 c.c.), and set aside till crystallisation was 
complete. Recrystallisation from ethyl acetate-acetone-light petroleum (b. p. 80—100°) gave hexa- 
acetyl macrozamin as needles, m. p. 144—145°, [a]}® —49° (c, 0-85 in chloroform) (Found: C, 47-3, 
47-3; H, 6-1, 5-6; N, 4-5, 4-2. C,,H,,0,,N, requires C, 47-2; H, 5-7; N, 4-4%). The same material 
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was obtained from vigorous treatment of macrozamin with pyridine and acetic anhydride at 109° 

antitative hydrolysis of this material gave an apparent acetyl value of 45-2%, but macrozamin 
itself gave titratable acid under the same conditions, equivalent to an acetyl value of 4:9%. Takj 
this into account gives the following result. Found: CH,°CO, 40-3. C,,;H,,0,,N,(CO-CH;,), requires 
CH,’CO, 40-6%. 

Deacetylation of Hexa-acetyl Macrozamin.—An ice-cold solution of the hexa-acetate (500 mg.) in dry 
chloroform (5 c.c.) and dry methanol (10 c.c.) was treated with 5 drops of 0-7N-methanolic sodium 
methoxide and kept at 0° overnight. After acidification with glacial acetic acid (0-5 c.c.) the solution 
was evaporated under reduced pressure, the residue dissolved in water (1 c.c.), and alcohol (4 c.c.) added 
The crystals (230 mg.) which separated after some time had m. p. 198-5° (decomp.), undepressed on 
admixture with macrozamin. 

Isolation of D-Glucose from Macrozamin.—Macrozamin (1 g.) and n-hydrochloric acid (40 c.c.) were 
heated together at 100° for 2 hours, and the solution treated with an excess of lead carbonate with 
stirring, cooled, and filtered. The filtrate was evaporated under reduced pressure to a syrup, which 
was extracted with 3 portions of hot alcohol (10 c.c. each), the extracts cooled, filtered, and set aside 
for crystallisation. The brown crystals were collected and recrystallised from alcohol, giving colourless 
material (100 mg.), [a]jf 45° (c, 0-96 in water containing a trace of ammonia); D-glucose monohydrate 
has [a]p 48° under these conditions. Acetylation of the above material with acetic anhydride and 
sodium acetate in the usual way gave f-penta-acetyl D-glucose, m. p. 130° alone or on admixture with 
authentic material, [a]}® 5-7° (c, 0-9 in chloroform). 

Identification of D-Xylose.—(a) Macrozamin (1 g.) was heated under reflux for 1 hour with hydro- 
chloric acid (12%; 15 c.c.), and the solution diluted with water (15 c.c.) and distilled. The distillate 
(20 c.c.) was treated with a few drops of glacial acetic acid, and then with phenylhydrazine (0-5 g,), 
and the precipitate recrystallised from dilute alcohol, giving furfuraldehyde phenylhydrazone, m. p, 
94—96° alone or on admixture with authentic material. 

(b) Macrozamin (479 mg.; 1-246 millimols.) and N-hydrochloric acid (15 c.c.) were-heated together at 
100° for 2 hours, and the cooled solution was diluted accurately to 25 c.c.; it then had ajf 0-59° 
(1,1 dm.). Asimilar solution containing D-glucose and D-xylose in equimolar amounts (1-246 millimols, 
each) should have a}f 0-61° (/, 1 dm.). The hydrolysate was neutralised with lead carbonate and then 
filtered, and the filtrate evaporated to a syrup under reduced pressure. Evaporation of the alcohol- 
soluble part of this syrup with alcohol in order to remove traces of moisture gave a gum, which was 
treated with the xylose reagent (10 c.c.) described by. Breddy and Jones (Joc. ctt.). The white solid so 
obtained separated from solution in chloroform as needles (200 mg.), m. p. 208° alone or in admixture 
with authentic dibenzylidene p-xylose dimethyl acetal; [a]j® —9° (c, 1-0 in chloroform). Breddy and 
Jones record for this compound, m. p. 211°, [a]?? —9° (c, 1-2 in chloroform). 

Isolation of a-Hepta-acetyl Primeverose from Macrozamin.—To a solution of macrozamin (300 mg.) 
and copper sulphate (a trace) in 50% acetic acid (10 c.c.), maintained at 100°, zinc dust (1 g.) was added 
gradually during 15 minutes, and heating continued for 2 hours longer. The filtered solution was 
evaporated under reduced pressure and the residue heated at 100° for 2 hours with pyridine (10 c.c.) 
and acetic anhydride (10 c.c.). The cooled solution was poured into water (200 c.c.), the 
mixture extracted with chloroform, and the chloroform extract, after being washed and dried as usual, 
was evaporated. Crystallisation of the residue from ethyl acetate-light petroleum (b. p. 80—100°) 

ve a-hepta-acetyl primeverose (270 mg.), m. p. 202—204°, [a]}® 33° (c, 0-6 in chloroform) (Found: 

, 49-4; H, 5-7. 25H ,0,, requires C, 49-5; H, 5-6%). The rotation of this and the isomeric form 
of the hepta-acetate are in reasonably close conformity with the isorotation laws. For the two hepta- 
acetyl primeveroses, Ma — Mg = 606(33° + 23-5°) = 34,300°. For the two penta-acetyl glucoses, 
M. — Mg = 390(101-6°—3-8°) = 38,200°. 

Isolation of B-Hepta-acetyl Primeverose.—A solution of the a-hepta-acetate (100 mg.), obtained as 
described above, in chloroform (5 c.c.) and methanol (10 c.c.) was treated with a few 
of N-methanolic sodium methoxide and set aside at room temperature for 1 hour. It was acidified 
with glacial acetic acid (0-5 c.c.), and evaporated to dryness under reduced pressure. The residue was 
heated at 100° for 2 hours with acetic anhydride (5 c.c.) containing freshly fused sodium acetate (0-5 g.), 
and the mixture poured into ice—water (100 c.c.). The product, isolated by extraction with chloroform 
in the usual manner, separated from alcohol as crystals, m. p. 212°, [a]}® —22° (c, 0-5 in chloroform). 
A mixture with an equal amount of authentic B-hepta-acetyl primeverose (m. p. 216°) had m. p. 214°. 

Periodate Oxidation of Macrozamin.—Macrozamin (257 mg.) was dissolved in 0-217m-sodium 
metaperiodate solution (20 c.c.), and the solution diluted to 100 c.c. and set aside at room temperature 
for 30 hours, after which no further reaction took place. Periodate consumed, 4-07 mols. ; formic acid 
liberated, 1-99 mols. per mol. of macrozamin. A portion of the solution was distilled, and formaldehyde 
sought in the distillate by the quantitative method of Reeves (J. Amer. Chem. Soc., 1941, 68, 1476), but 
none was present. In another experiment an attempt to isolate the periodate fission product was 
made; the reaction solution was evaporated under reduced pressure after precipitation of iodate and 

riodate by barium hydroxide, and the fission product extracted from the residue with alcohol. 

vaporation of the extract gave a colourless glass which did not crystallise. When heated with sodium 
hydroxide solution and then acidified it yielded hydrogen cyanide, indicating that the action of the 
periodate was confined to the primeverose part of the molecule, the aglycone remaining unaffected 


We thank Professor A. R. Todd, F.R.S., for his interest in this work, Professor Alexander Robertson 
for the gift of a sample of f-hepta-acetyl primeverose, and Dr. R. H. Stokes for carrying out the 
molecular-weight determination. One of us (N. V. R.) acknowledges gratefully the facilities afforded 
for the preliminary work by the University of Western Australia, and the award of a Senior Studentship 
by the Australian Council of Scientific and Industrial Research. 
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575. The Rearrangement of N-Monoacylanilines. 
By J. F. J. Drepy and J. H. Woop. 


Isomeric rearrangement of acetanilide and propionanilide to amino-ketones has been 
brought about by prolonged heating with anhydrous aluminium chloride. In the former case 
there were indications of the production of acetyl chloride which is involved in the mechanism 
suggested for the rearrangement. 


Tue migrations of alkyl and acyl groups from oxygen of the side-chain to carbon of the aromatic 
nucleusare well known and are referred toas the Claisen and the Fries rearrangement, respectively. 
For compounds containing nitrogen in place of oxygen in the side-chain the migration of alkyl 
groups is also well established (the Hofmann-Martius rearrangement), but there is very scanty 
evidence of the movement of acyl groups from nitrogen, i.e., similar to the Fries rearrangement. 
The work on this subject has been fragmentary although the general inference has been that 
rearrangement of NN-diacylated aromatic amines can occur. Chattaway (J., 1904, 85, 386) 
showed that migration of acetyl, propionyl, and benzoyl groups occurred when the NN-di- 
acylanilines were heated for a long time with anhydrous zinc chloride or gaseous hydrogen 
chloride, the migrating group entering the o- or, preferably, the p-position. From this evidence 
he concluded that the earlier preparations of amino-ketones by a Friedel-Crafts procedure, i.e., 
by heating an aromatic amine or monoacylated aniline with acyl chloride in presence of an 
acidic condensing agent (Kohler, Friedlander’s “‘ Fortschritte,” vol. III, 21; Klingel, Ber., 1885, 18, 
2687; Kunckell, Ber., 1900, 33, 2641; Rousset, Bull. Soc., chim., 1869, 11, 320; Higgin, J., 1882, 
41, 132; Clarke and Esselen, J. Amer. Chem. Soc., 1911, 38, 1138), actually involved molecular 
rearrangements of this kind. This is not necessarily true, and we consider that in such cases the 
reaction is more probably effected by direct attack by the acyl chloride on the nucleus, and that 
in the few instances where acylated anilines actually isomerise there is initial formation of an 
acyl chloride which then attacks the nucleus with the aid of the condensing agent. 

The migration in the case of NN-diacylanilines appears to be tardy, and the yields are low; 
thus the rearrangement of N-monoacylanilines might be expected to be even more difficult to 
achieve. Apart from the production of traces of o- and p-aminoacetophenone by strongly 
heating acetanilide alone (Meyer and Hofmann, Monatsh., 1915, 36, 707), the migration of acyl 
groups in monoacylated anilines has been investigated only recently, by the present authors 
(Nature, 1946, 157, 408) and by Kursanow (J. Gen. Chem. Russia, 1943, 18, 286). In both series 
of experiments anhydrous aluminium chloride was used as a catalyst. Kursanow obtained a 
small yield of p-aminoacetophenone from acetanilide, and of p-aminobenzophenone from 
benzanilide; we also obtained p-aminoacetophenone, in somewhat better yield, and detected 
the formation of some of the o-isomeride. Our conversion of propionanilide led to the p-amino- 
ketone and some ester, probably ethyl propionate. Attempts to improve the yields by modifying 
experimental conditions, e.g., by the use of solvents, had little success, and also the attempted 
rearrangement of NN-diphenylacetamide failed. 

Favourable results were obtained only when a high molecular proportion (24 moles) of 
aluminium chloride was used. This is consistent with the course of reaction suggested below. 
Stage (ii), probably proceeding through an initial addition (i), follows a course comparable to that 
which has been demonstrated for the interaction of acetic anhydride and aluminium chloride 
(Groggins and Nagel, Ind. Eng. Chem., 1934, 26, 1313; Groggins, Nagel, and Stirton, ibid., 

. 1317) : 
? , (i) NHPh-CO-CH, + AICl -——» NHPh:CO:CH;,AlICl, 
(ii) NHPh-CO-CH,,AlCl, —> NHPh-AlCcl, + CH,°COCI 
(iii) CH,*COC1 + AICI, —> (CH,°CO)*(AICI,)- 
(iv) NHPhX + CH,-CO+ —> CH,CO-C,H,NHX + H+ 
(X = -CO-CH, or -AICl,) 


Stages (iii) and (iv) show the formation of the electrophilic acyl ion and its subsequent attack 
of the benzene ring [the displaced proton in stage (iv) is doubtless eliminated as hydrogen chloride]. 
The formation of acyl ions as indicated here has already been well demonstrated elsewhere 
(Fairbrother, Wertyporoch, e¢ al.). 

The production of acetyl chloride postulated above was proved by critical experiments 
(see Experimental) with highly purified and scrupulously dried samples of acetanilide and 
aluminium chloride heated together at 180°. It appears, therefore, that acetanilide serves as a 
source of acetyl chloride, in much the same way as, for instance, acetic anhydride. This inter- 
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molecular mechanism is supported by the fact that Kursanow (loc. cit.) has demonstrated the 
migration of an acyl group from side-chain nitrogen to a “‘ foreign ’’ aromatic nucleus, viz., the 
movement of acetyl from acetanilide to a nuclear carbon of toluene. 

Isomeric rearrangement along the lines discussed in this paper also occurs when 1-acetylindoles 
and 9-acetylcarbazoles are heated with anhydrous aluminium chloride (Gaudion, Hook, and 
Plant ,J., 1947, 1631; Plant, Rogers, and Williams, J., 1935, 741). 


EXPERIMENTAL. 


All the materials were carefully purified. The anilides were twice recrystallised and dried; aluminium 
chloride (B.D.H. Laboratory Reagent) was resublimed ; all solvents were dried and freshly redistilled, 

Treatment of Acetanilide with Aluminium Chloride—Acetanilide (32 g., 1 mol.) and anhydrous 
aluminium chloride (82 g., 2:5 mols.) were intimately mixed and heated in a round-bottomed flask fitted 
with a long air-condenser connected by a ground-glass joint and carrying a calcium chloride trap. After 
10 hours at 180—200° the flask contained a reddish-brown resinous mass. Water was added slow 
and the whole boiled for 4 hour to complete the extraction. A dark oil separated on the surface and, 
while still warm (70°), the lower aqueous layer was withdrawn ; on cooling, the oil solidified to a crystalline 
mass. The aqueous layer deposited a large quantity of unchanged acetanilide; the filtrate after removal 
of the acetanilide was rendered alkaline and steam-distilled. The distillate was pale yellow and gavea 

sitive ketone test (2 : 4-dinitrophenylhydrazine); this was presumably due to o-aminoacetophenone 
the earlier identification mentioned in a letter (Nature, loc. cit.) has not been confirmed]. The residual 
liquid also gave a positive ketone test, attributed to p-aminoacetophenone, which is not volatile in steam. 

The solidified oil which separated first was purified by removal of acetanilide by means of hot water, 
and the remaining oil was steam-distilled. No ketone was detected in the steam-distillate. The residual 
liquid was extracted with ether, and the ethereal liquid dried (Na,SO,). Crude p-aminoacetophenone 
(4:5 g., 15%) was recovered, having m. p. 102—103°. Recrystallisation from alcohol gave cream-coloured 
crystals, m. p. 106—107°. The identity of the compound was proved by conversion into the acetyl and 
the benzoyl derivative (m. p.s 166—167° and 204° respectively). 

Attempts to prepare the amino-ketone by less drastic methods had failed, although hydrogen chloride 
was always copiously evolved ; the conditions employed are summarised as follows : (i) a suspension of the 
solids in nitrobenzene was heated for several hours at temperatures from 100° to 200°, molecular 

roportions of aluminium chloride varying from 1-25 to 2-5 mols.; (ii) a suspension of the solids 
fincluding 2-5 mols. of aluminium chloride) was heated in (a) carbon disulphide and (b) ether, under 
reflux for 4 hours (when carbon disulphide was the solvent, a viscous residue, which gave a positive ketone 
test, remained after removal of unchanged solid). It is significant that the only indications of ketone 
production came from experiments in which 2} molecular proportions of catalyst were employed. 

Treatment of Propionanilide (1 Mol.) with Aluminium Chloride (2-5 Mols.).—The experimental 
conditions that gave rise to p-aminoacetophenone were applied to a mixture of propionanilide (7:5 g., 
1 mol.) and aluminium chloride (17 g., 2-5 mols.). The principal reaction product was p-aminopropio- 

henone, m. p. 138—140° (ca. 1 g.); recrystallisation from water yielded pale yellow needles, m. p. 139°. 

he identity of the product was proved by conversion into the acetyl and the benzoyl derivative (m. p. 
172° and 188° respectively). No o-amino-ketone was detected, but approx. 1 ml. of a volatile liquid was 
recovered which gave a test for an ester and yielded on hydrolysis a product giving the iodoform test. 
The b. p. (97—99°) indicated that it was impure ethyl propionate. 

The monoacetyl derivative of diphenylamine was also treated with 2-5 mols. of aluminium chloride, 
but all the original anilide was recovered unchanged. The volatile nature of the anilide made it necessary 
for the heating to be conducted in a sealed tube, and so the experimental conditions were not comparable 
with those applied to the anilides which underwent rearrangement. 

Production of Acetyl Chloride from Acetanilide—This experiment was conducted in an all-glass 
apparatus which consisted of a round-bottomed flask bearing a side-arm leading to a closed tube i 
a drying-trap. The neck of the flask was joined to a column apes with glass-wool which the gaseous 
reaction productstraversed. From this column the gases were led through a U-tube filled with anhydrous 
calcium chloride, to a small flask containing water, and thence to an aspirator. A slow stream of dry air, 
drawn through the side-arm of the reaction flask and circulated through the apparatus, withdrew volatile 
reaction products. Acetanilide (5 g.), dried over phosphoric oxide, was placed in the reaction flask and to it 
purified anhydrous aluminium chloride (5 g.) was added in an ampoule. (The molecular proportion of 
aluminium chloride was reduced in this experiment in order to minimise the tendency to nuclear acylation.) 
The mixture was heated in an oil-bath to about 180° for 3 hours, while approximately 10 1. of dry air were 
drawn through the apparatus. Subsequently the wash-water was examined, and positive tests for 
acetate and chloride were recorded. In similar experiments with acetanilide and aluminium chloride 
singly, neither acetate nor chloride ions were detected; thus the measures to suppress the escape of the 
reagents during heating had been effective. 


CHELSEA PoLyYTECHNIC, Lonpon, S.W.3. 
MINING AND TECHNICAL COLLEGE, WIGAN. [Received, June 11th, 1949.) 
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The Resolution of n-Hepian-2-ol. By J. Kenyon and A. M. Watcu. 


By application of the simplified procedure for the resolution of n-octan-2-ol (Kenyon, J., 1922, 121, 
2540), the closely related »-heptan-2-ol has been readily resolved into its optically pure isomerides. 

Experimental.—A commercial sample of n-heptan-2-ol distilled almost completely at 158°. 

(+)-Heptyl hydrogen phthalate. A mixture of the alcohol (64 g.), phthalic anhydride (82 g.), and 
pyridine (100 g.) was heated on the steam-bath for 3 hours, and the resulting homogeneous liquid cooled 
and diluted with 3 volumes of acetone, and the whole made acid (Congo-red) by addition of hydrochloric 

id (1:1). 
Aster ‘ addition of several litres of iced water the hydrogen phthalic ester separated as an oil which 
soon became crystalline. This was filtered off and washed with very dilute hydrochloric acid, to remove the 
last traces of — and then with water. After being dried the ester (132 g.) had m. p. 57-5—58°.. 

(+)-Heptyl hydrogen phthalate. Brucine, anhydrous (197 g.) or the tetrahydrate (233 g.), was dissolved 
in a hot solution of the (+)-ester (132 g.) in acetone (700 c.c.); the crystalline brucine salt began to 

te almost immediately. After several hours this was filtered off, washed with acetone (300 c.c.), 
and heated on the steam-bath with acetone (21.). The resulting suspension was then cooled and filtered. 
This extraction was repeated twice more; the dried brucine salt (143 g.) had m. p. 137—138°. By 
evaporation of the acetone extraction liquors, a further crop (11 g.) of the brucine salt, m. p. 136—137°, 
was obtained. 

The combined brucine salts (154 g.) were covered with acetone (300 c.c.) and decomposed by 
slightly more than the calculated amount of 6N-hydrochloric acid; addition of iced water (2 1.) pre- 
cipitated an oil which rapidly set to a crystalline mass (55 g.). This, after 2 or 3 recrystallisations from 
acetic acid (about 90%), gave optically pure (+)-2-heptyl hydrogen phthalate (47 g.), m. p. 74:-5—75°, 
[alesse + 38°7°, [alsens + 48°5°, [alseex + 587°, [algose + 71°4°, [alesse + 108-5° (c, 4-995; J, 2; in 
absolute ethyl alcohol at 20°). The values of A? plotted against 1/a lie on a straight line. 

(—)-Heptyl hydrogen phthalate. The various filtrates and wash-liquors from which the less soluble 
brucine salt had been removed were concentrated to about 300 c.c.; after several hours a small amount of 
the less soluble brucine salt which had separated was filtered off and kept for incorporation in a subsequent 
resolution. Decomposition of the final filtrate with hydrochloric acid yielded an acid phthalic ester 
(62 g.), from which by 3 or 4 recrystallisations from acetic acid (about 90%) there was obtained optically 
pure Pr hydrogen phthalate (40 g.), m. p. 74°-5—75°, [a]}8,, —48-3° (c, 5-0280; 1,2; in absolute 
ethyl alcohol). 

These rotatory powers agree closely with those of the two acid esters prepared by Pickard and Kenyon 
(J., 1911, 99, 63) which, by hydrolysis with aqueous sodium hydroxide, yielded the optically pure (+)- 
and (—)-heptan-2-ols in almost theoretical amounts. 


The award of a grant from Imperial Chemical Industries Ltd, is gratefully acknowledged.—__BaTTERSEA 
PoLyTEcHNIC, Lonpon, S.W.11. ([Received, May 21st, 1949.] 





The Preparation of Some Esters of 3 : 3-Dimethylbutanol and 3 : 3-Dimethylpentanol. 
By ARTHUR J. BircuH. 


For an investigation of the specificities of the human-erythrocyte and the human-plasma cholinesterase 
(Adams and Whittaker, Biochem. J., 1948, 48, xiv; Biochem. et Biophys. Acta, 1949, 3,358; Adams, ibid., 
1949, 8, 1) it was necessary to prepare some analogues of acylcholines having a carbon atom in place of 
the quaternary nitrogen. Although 3 : 3-dimethylbutanol has been prepared, the yields by most methods 
are bad (e.g., Strating and Backer, Rec. Trav. chim., 1936, 55, 903; Huston and Agett, J. Org. Chem., 
1941, §, 123). The most satisfactory method appears to be the Bouveault-Blanc reduction of ethyl 
Bp-dimethylbutyrate (Sutter, Helv. Chim. Acta, 1938, 21, 1266) which is fairly readily available from the 
oxidation of diisobutylene (Homeyer, Whitmore, and Wallingford, J. Amer. Chem. Soc., 1933, 55, 4209), 
or by the Willgerodt reaction on pinacone (Cavalieri, Pattison, and Carmack, ibid., 1945, 67, 1785). 

A general method of preparing this acid and its homologues is that of Birch and Robinson (/., 1942, 
501; cf. Hook and ere 1944, 152; Wideqvist, Arkiv Kemi., Min. Geol., 1946, B, 28, no. 4) and 
3: 3-dimethylbutanol (R’ = R’”’ = R’” = Me) and 3: 3-dimethylpentanol (R’ = R’” = Me, R’” = Et) 
have now, been made by the following reactions : 


CR’R’:C(CN)*CO,Et + R’”MgX —> CR’R”R’-CH(CN)-CO,Et —> CR’R”’R”’CH,y‘CN —> 
CR’R’R’CH,CO,H —> CR’R” RCH, CO,Et —> CR’R’ RCH, CH, OH. 


seers, by alkylating the intermediate cyanoacetic esters it should be possible to make the 2-alkyl 
erivatives. 

3 : 3-Dimethylbutanol.—Ethyl a-cyano-f-methylcrotonate (prepared according to Cope, J. Amer. 
Chem. Soc., 1937, 59, 2327) {17 g.) was cooled in ice and the Grignard reagent, from methyl iodide (22 g.) 
and magnesium (3-5 g.) in ether (100 c.c.), was slowly added with stirring. After decomposition of the 
complex with ice and hydrochloric acid (5%) the ether layer was collected and distilled, giving a colourless 
oil with a sweet camphor-like odour (7 g.), b. p. 103—105°/14 mm. This was warmed with sodium 
hydroxide solution (50 c.c.; 10%) to 50° for 5 minutes with vigorous shaking, and dissolved to a yellow 
solution. Acidification of this solution gave an oil which rapidly solidified to prisms (5 g.),m.p.100°. This 
solid was dried and distilled from an oil-bath at 200° in the presence of wae powder (0-2 g.), whereupon 
smooth decarboxylation took place, and £f-dimethylbutyronitrile distilled as a colourless oil with a 
camphor-like odour (3-2 g.), b. p. 137°, m. p. 28—30° (Found: C, 74:2; H, 11-1; N, 13-9. Calc. for 
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> eel C, 74:2; H, 11-3; N, 144%). Homeyer, Whitmore, and Wallingford (Joc. cit.) give m. Pp. 
“6°. 


The nitrile was hydrolysed by being heated under reflux with concentrated sulphuric acid (5 c.c.) 
acetic acid & c.c.), and water (5 c.c.) for 3 hours. The acid product was isolated by dilution with water 
(30 c.c.) and ether extraction, followed by extraction from the ether with potassium carbonate solution 
(10%) and re-acidification. It was dried and converted by the usual method into ethyl BB-dimethyl- 
bu te (2-2 g.), b. p. 146—148° (Found: C, 66-5; H, 11-3. Calc. for CgH,,0,: C, 66-7; H, 11-1%). 
Reduction of this ester with sodium (4 g.) and calcium-dried ethanol (35 c.c.) gave 3 : 3-dimethylbutano] 
(1-4 g.), b. p. 143° (Found: C, 70-4; H, 13-5. Calc. for C,gH,,0: C, 70-6; H, 13-7%) [acetate, b. p. 
154—155° (Found: C, 67-0; H, 11-0. Calc. for C,H,,0,: C, 66-7; H, 11-1%); propionate, b. p. 172° 
(Found: C, 68-3; H, 11-3. C,H,,0, requires C, 68-3; H, 11-4%); chloroacetate, b. p. 201—203° 
(Found : C, 63-4; H, 8-5. C,H,,0,Cl requires C, 53-2; H, 8-5%)]. ; 

3 : 3-Dimethylpentanol, b. p. 167° (Found: C, 72-4; H, 13-6. C,H,,O requires C, 72-4; H, 13-8%) 
was similarly prepared in somewhat better yield, and gave the acetate, b. p. 178° (Found : C, 68-6; H, 

11-3. C,H,,0, requires C, 68-3; H, 11-4%) ; propionate, b. p. 194° (Found : C, 69-5; H, 11-6. CHO, 
requires C, 69-8; H, 11-6%); and chloroacetate, b. p. 112—114°/18 mm. (Found: C, 55-5; H, 8:5, 
C,H,,0,Cl requires C, 55-9; H, 8-8%). 

The chloroacetates were made by heating the alcohols under reflux with a slight excess of chloroacety] 

chloride in dry benzene. 


This work was carried out during the tenure of an I.C.I. Research Fellowship.—THE Dyson PrErrins 
LABORATORY, OXFORD UNIVERSITY. [Received, May 23rd, 1949.] 





New Toluene-p-sulphonamides. By S. J. ANGyaL, (Miss) P. J. Morris, R. C. Rassacx,. 
(Miss) J. A. WaTERER, and J. G. WILSON. 


In connection with our work on the Sommelet reaction (this vol., pp. 2700, 2704) the following new 
p-toluenesulphonamides were prepared in the usual way from the corresponding amines : 


N, %, 
d, 


Derivative of : M. p. 
Dibenzylamine 78° C,,H,,0,NS 
2:4: 6-Trimethylbenzylamine 138 C,,H,,0,NS 
p-Bromobenzylamine 115-5—116 C,,H,,0,NSBr 
N-Methyl-p-bromobenzylamine : C,,;H,,0,NSBr 
p-Nitrobenzylamine 
N-Methyl-p-nitrobenzylamine 
2 : 6-Dichlorobenzylamine 
1-Aminomethylnaphthalene 
1-Methylaminomethylnaphthalene 
2-Methyl-1-aminomethylnaphthalene 
(+)-3-Aminocamphor 
(+)-3-Methylaminocamphor 77—775 C,,H,,0,;NS 
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All the compounds were crystallised from alcohol. The m. p.s are corrected. Microanalyses were 
done by Mrs. E. Smith and Miss J. Fildes —UNIvErRsity oF SYDNEY. (Received, May 23rd, 1949.] 





Some Mono- and Di-guanidine Compounds. By JOHN MILLER. 


CARTER et al. (Science, 1946, 108, 53) have shown that streptomycin contains a 1 : 3-diguanidino- 
2:4:5: 6-tetrahydroxycyclohexane moiety and therefore several new mono- and di-guanidino- 
compounds have been prepared for antibacterial test. 

p-Acetamidophenylguanidine Hydrochloride.—p-Aminoacetanilide hydrochloride (m. p. 238°; 9-3 g.) 
and cyanamide (3-0 ay were heated under reflux in absolute alcohol (30 c.c.) for 3 hours. The product 
separated on cooling and formed white crystals (4-3 g.), m. R 269°, from water (Found: C, 47-5; H, 5-5; 
N, 24:7; Cl, 15-5. C,H,,;ON,Cl requires C, 47-2; H, 5:7; N, 24-5; Cl, 155%). 

-Aminophenylguanidine Dihydrochloride.—The foregoing salt (2-0 g.), heated under reflux with 
50% hydrochloric acid (20 c.c.) for 5 hours, gave p-aminophenylguanidine dthydrochloride on evaporation. 
Boiled with absolute alcohol, it formed white crystals (1-9 g.), m. p. 303° (decomp.) (Found: N, 24-9; 
Cl, 31-6. C,H,,N,Cl, requires N, 25-1; Cl, 31-8%). 

m-A cetamidophenylguanidine Hydrochloride—Prepared from m-aminoacetanilide hydrochloride 
(9-3 g.) and cyanamide (3-0 g.), and crystallised from alcohol, the colourless product (5-0 g.) had 
m. p. 224—225° (Found: N, 24-2; Cl, 15-5. C,H,,ON,Cl requires N, 24-5; Cl, 15-56%). It afforded 
m-aminophenylguanidine dihydrochloride (0-8 g. from 1 g.), m. p. 232° (decomp.) (from alcohol) (Found : 
N, 24-7; Cl, 31-9. C,H,,N,Cl, requires N, 25-1; Cl, 31-8%). 

m-Phenyleneguanidine Di-p-toluenesulphonate. The dihydrochloride obtained by heating m-amino- 
sea sean em dihydrochloride (5-6 g.) and cyanamide (2-5 g.) under reflux in absolute alcohol (50 c.c.) 
or 5 hours could not be crystallised. Toluene-p-sulphonic acid (9-2 g.) added to the boiling solution 
gave a buff-coloured di-p-toluenesulphonate (10-6 g.) on cooling. Recrystallised from water it formed 
colourless crystals, m. p. 251—252° (Found: N, 15-8. C,,H,,0,N,S, requires N, 15-7%). The 
dipicrate crystallised as small matted needles, m. p. 265° (decomp.), from 2-ethoxyethanol and water 
(Found : N, 26-2. Co H,,0,,N,, requires N, 25-8%). 

p-Acetamidomethylphenylguanidine Picrate——The hydrochloride formed when N-p-aminobenzyl- 





[1949] Notes. 2723 


acetamide hydrochloride (4-0 g.) and cyanamide (1-0 g.) were heated under reflux in n-butyl alcohol 
(20 c.c.) for 5 hours could not be crystallised. The picrate obtained from an alcoholic solution of the tar 
jeft after removal of the butyl alcohol crystallised from alcohol as a yellow granular solid (4-6 g.), m. p. 
205—207° (Found: N, 22-5. C,,H,,O,N, requires N, 22-5%). 
Nitrobenzylguanidine Hydrochloride.—p-Nitrobenzylamine hydrochloride (4-0 g.) and cyanamide 
(2-0 g.), heated under reflux for 5 hours in n-butyl alcohol (30 c.c.), gave, on cooling, the product (2-7 g.), 
which formed cream-coloured crystals, m. p. 210—211°, from absolute alcohol (Found: N, 24-4. 
C,H,,02N,Cl requires N, 24-3%). The derived picrate, when boiled out with alcohol, had m. p. 193— 
194° (Found: N, 23-0. C,,H,,0,N, requires N, 23-2%). 
p-Aminobenzylguanidine Dihydvochloride.—The foregoing hydrochloride (1-0 g.) in 90% alcohol and 
water (100 c.c.) was hydrogenated in the presence of Raney nickel catalyst at 50 Ib. sq. in., to givea 
brown monohydrochloride, isolated after removal of the solvent from the filtered reaction solution. 
This salt gave the colourless dihydrochloride (0-9 g.), m. p. 260—265° (decomp.), on treatment with 
concentrated hydrochloric acid (Found: N, 23-3; Cl, 29-6. C,H,,N,Cl, requires N, 23-6; Cl, 29-9%). 
N1-p-Glucosyldiguanide Picrate.—p-Glucosamine hydrochloride 2-3 g.) and cyanamide (1-0 g.) were 
heated under reflux in 60% aqueous ethyl alcohol (25c.c.) for 5 hours. Addition of picric acid (3-0 g.), 
dissolved in hot alcohol (20 c.c.), gave, on cooling, the picrate which formed long bright-yellow needles 
(2-0 g.), m. p. 189—190°, from water (Found: C, 34-4; H, 3-9; N, 22-4. C,H» O,,N, requires 
C, 34-2; H, 4-1; N, 22-8%). p-Glucosamine hydrochloride was recovered when isolation of the product 
was attempted by evaporation or by precipitation with acetone. 
N!-p-Glucosyldiguanide Oxime Picrate.—pb-Glucosamine oxime hydrochloride (3-5 g.) and cyanamide 
(1-8 g.) were heated under reflux in 90% alcohol (40 c.c.) for 4 hours. Addition of picric acid (4-8 g.) 
dissolved in hot water (60 c.c.) gave the picrate as small yellow needles (1-3 g.), m. p. 180—185° (Found : 
C, 33-2; H, 3-9; N, 24-8. C,,H,,0,,N, requires C, 33-1; H, 4-2; N, 24-8%). 


The author thanks Dr. G. M. Dyson for his interest in this work, the Board of Directors of British 
Chemicals and Biologicals Limited for permission to publish the paper, and Miss P. A. Page and Mr. 
J. V. Smart for the analyses.—CENTRAL RESEARCH ORGANISATION, BRITISH CHEMICALS AND BIOLOGICALS 
Lrp., LoUGHBOROUGH, LEICESTERSHIRE. [Received, May 26th, 1949.) 





Reactions of Crotonaldehyde with Ethanethiol. By R. H. Hatt and B. K. Howe. 


Tue reactions between crotonaldehyde and ethanethiol under both basic and acidic conditions have 
recently been studied in connection with another investigation and have resulted in the synthesis of 
3-ethylthiobutanal and 1 : 1-diethylthiobut-2-ene, respectively. 

3-Ethylthiobutanal had previously been described by Szabo and Stiller (J. Amer. Chem. Soc., 
1948, 70, 3667) as being obtained in 30% yield from crotonaldehyde and ethanethiol in benzene solution 
with “ Triton B” as catalyst. The physical constants (b. p. 160—180°/2 mm., u?/ 1-5291) recorded 
for the compound by these authors, however, a to be in error (by comparison with those recorded 
in the literature for closely related compounds, ¢.g., 3-ethylthiopropanal) or, more probably, the 
product isolated was really a polymer of the desired aldehyde. 

3-Ethylthiobutanal has now prepared from crotonaldehyde and ethanethiol in 60% yield, 
triethylamine being employed as catalyst according to the method used by Catch, Cook, Graham, and 
Heilbron (J., 1947, 1609) for 3-ethylthiopropanal. The 3-ethylthiobutanal had b. p. 92—93°/24 mm., 
n¥ 1-4720, and was characterised as its semtcarbazone. The ethylthio-group was assumed to be in the 
3-position by analogy with the findings of Catch et al. (loc. cit.). 

When crotonaldehyde was treated with excess of ethanethiol in carbon tetrachloride under acid 
conditions (0-02 mol. of anhydrous hydrogen chloride per mol. of crotonaldehyde), the expected, but 
hitherto unknown, 1 : 1-diethylthiobut-2-ene (crotonaldehyde diethyl mercaptal) was obtained in 68% 
yield. When less hydrogen chloride (0-0036 mol. per mol.) was used the “ uncatalysed ’’ addition of 
thiol to the double bond also occu (cf. E.I. du Pont.de Nemours & Co., U.S.P. 2,461,013), and a 
mixture of 3-ethylthiobutanal and 1 : 1-diethylthiobut-2-ene was obtained in low yield. The latter 
compound gave no aldehyde reactions but on decomposition with aqueous mercuric chloride solution 
regenerated crotonaldehyde. The mercaptal was further characterised by oxidation with hydrogen 
peroxide in glacial acetic acid solution to the crystalline disulphone, 1 : 1-diethy honylbut-2-ene. 

Experimental.—3-Ethylthiobutanal. Ice-cold ethanethiol (18-6 g.) was added slowly to an ice-cold 
mixture of redistilled crotonaldehyde (17-5 g.) and triethylamine (about 0-4 c.c.). Heat was evolved 
and the mixture was cooled. The crude product was fractionated im vacuo at once and, after a small 
fore-run, 3-ethylthiobutanal was collected as a colourless, evil-smelling yom (20 g.), b. p. 92—93°/24 mm., 
ny 1-4720 (Found: C, 54-4, 54-5; H, 9-25, 9-0; S, 24-2. C,H,,OS requires C, 54-5; H, 9-15; S 


24-25%). The semicarbazone separated from methanol as tiny white needles, m. p. 137-5° (Found : 
C, 44-9; H, 7°85; N, 21-7. C,H,,ON,S requires C, 44-4; H, 8-0; N, 22-2%) 
1: 1-Diethylthiobut-2-ene. Crotonaldehyde (52-5 g.), ethanethiol (151-1 .§ and dry carbon tetra- 


chloride (300 c.c.) containing anhydrous hydrogen chloride (0-6 g.) were cooled separately to 0° and then 
mixed. The mixture became cloudy and heat was evolved, necessitating cooling in ice-water. After 
3 days at room temperature the mixture was shaken with solid anhydrous sodium carbonate, washed 
twice with 20% aqueous sodium carbonate and twice with water, and dried (K,CO,). The resulting 
. crude product was distilled at atmospheric pressure to remove excess of ethanethiol and the carbon 
tetrachloride, and the residual liquid was fractionated im vacuo. After a fore-run (15 g.) boiling below 
128°/24 mm., pure 1 : 1-diethylthiobut-2-ene was collected as a colourless, unpleasant-smelling liquid 
(90 g.), b. p. 128°/24 mm., 116°/10 mm., m?? 1-5250 (Found: C, 54-85, 54-4; H, 8-75, 9-65; S, 36-8. 
C,H,,S, requires C, 54-5; H, 9-15; S, 36-4%), a small residue (5 g.) remaining in the distilling-flask. 
The mercaptal did not react with cold aqueous-alcoholic semicarbazide acetate or 2 : 4-dinitrophenyl- 
hydrazine sulphate solution. 
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When crotonaldehyde (17-5 g.), ethanethiol (50-4 g.), and dry carbon tetrachloride (160 ¢ c.} 
containing anhydrous hydrogen chloride (0-033 g.) were mixed at 0° and set aside at room temperature 
for 3 days, the mixture, worked-up as described above, yielded 7-25 g. of slightly impure 3-ethyithio- 
butanal, b. p. 100—111°/35 mm., and 1 : 1-diethylthiobut-2-ene (13 g.), b. p. 130—140°/35 mm. (mainly 
139°/35 mm.), n?? 1-5249. 

Hydrolysis of 1: 1-diethylthiobut-2-ene. A mixture of 1 : l-diethylthiobut-2-ene (about 0-8 g) 
mercuric chloride (15 g.), calcium carbonate (1 g.), and water (10 c.c.) was heated under gentle eh 
for 30 minutes. Filtration of the product, steam-distillation of the filtrate, and treatment of the 
distillate with aqueous 2: 4-dinitrophenylhydrazine hydrochloride solution gave a solid which on 
recrystallisation from ethyl acetate formed small red crystals, m. p. 187—-188°, undepressed on admixture 
with an authentic specimen of crotonaldehyde 2 : 4-dinitrophenylhydrazone. 

Oxidation of 1 : 1-diethylthiobut-2-ene. Hydrogen peroxide (40 c.c.; 30% w/w) was added cautiously 
to a solution of 1 : 1-diethylthiobut-2-ene (5 g.) in glacial acetic acid (80 c.c.) and, when the initial 
vigorous reaction had subsided, the mixture was heated on the steam-bath for 30 minutes. The cooled 
mixture was evaporated to a small bulk in vacuo, diluted with ethyl acetate, and washed with aqueous 
sodium carbonate to remove acetic acid. The ethyl acetate layer was washed with water, dried 
(Na,SO,), and evaporated in vacuo. A highly viscous ie (3 g.) was obtained which crystallised 
slowly, and the solid on recrystallisation from ethanol yielded white crystals, m. p. 79°, of 1 : 1-déethyl- 
sulphonylbut-2-ene (Found: C, 40-05; H, 6-85; S, 26-85. C,H,,0,S, requires C, 40-0; H, 6-7; 'S, 
26-7%). 


Microanalyses are by Drs. Weiler and Strauss of Oxford. M. p.s are uncorrected. 

The authors thank Dr. H. M. Stanley for his interest in this work and The Directors of the Distillers 
Co., Ltd., for permission to publish this note-——-THE DIsTILLERS. Co. LtpD., RESEARCH AND 
DEVELOPMENT DeEptT., GREAT BuRGH, Epsom, SurRREY. [Received, July 7th, 1949.] 





Preparation of Digeranyl Ether (Di-(3 : 7-dimethylocta-2 : 6-dienyl) Ether].—By Ravpu F. Naytor. 


AN attempt to convert geraniol into its ether by distillation with toluene-p-sulphonic acid led only to the 
formation of geraniene, charring, and polymerisation. The alternative method of treating geranyl 
chloride with sodium or potassium geranoxide was therefore adopted. 

Geraniol (22-3 g.) in dry ether (250 ml.) was heated under reflux with sodium (3-4 g.) for 18 hours, 
Undissolved sodium (ca. 2 g.) was removed, geranyl chloride (10-5 g.) (Forster and Cardwell, J., 1913, 108, 
1341) added, and refluxing continued for a further 18 hours. After filtration and two distillation;, 
digeranyl ether (3 g.) was obtained as a colourless liquid, b. p. 132°/0-1 mm., nf? 1-4846 (Found : C, 82-7; 
H, 12-0. C,,H;,0 requires C, 82-7; H, 11-8%). Use of potassium gave better yields in a shorter time. 
Thus, potassium (25-3 g.) was dissolved in geraniol (100 g. in 500 ml. of ether) during 6 hours.and after 
being heated under reflux with geranyl chloride (112 g.) for 12 hours yielded digerany] ether (50 g.). 

The infra-red absorption spectrum of this ether [described by Barnard, Bateman, Harding, Koch, 
Sheppard, and Sutherland (in the press)] is compatible with the primary ether structure of di-(3 : 7-di- 
methylocta-2: 6-dienyl) ether. In particular the spectrum shows absence of terminal isopropeny] or of 
vinyl groups which would be e ted if allylic rearrangement had taken place during the reaction. — 
British RUBBER PRODUCERS’ SEARCH ASSOCIATION, 48, TEWIN RoaD, WELWYN GARDEN City, 
Herts. [Received, July 8th, 1949.) 





Isomeric Methoxystilbenes. By Grtorce A. R. Kon and R. G. W. SPICKETT. 


2-, 3-, and 4-METHOXYSTILBENES were required in connection with some spectrographic studies on 
compounds of the stilbene series. The 2-methoxy-compound had previously been prepared by Funk 
and Kostanecki (Ber., 1905, 38, 939) by decarboxylation of the corresponding phenylcinnamic acid 
(m. p. 70°) or from salicylaldehyde (Kaufmann, Annalen, 1923, 438, 237, who gives m. p. 68°). When 
ee aw by the method generally used in these laboratories, by dehydrating the carbinol obtained from 

ylmagnesium chloride and o-methoxybenzaldehyde, the product, presumably the pure ¢rans-form, 


had m. p. 59°. Kaufmann’s synthesis was repeated, but the product again had m. p. 59° in spite of 
careful purification; we can only assume that the higher m. p. given in the literature is incorrect. The 
cis-form = the compound has now been prepared by the pyrolysis of 2-methoxy-a-phenylcinnamic acid 
and is a liquid. 

Both the 3-methoxystilbenes are new and have been obtained by methods similar to those described 
above. 

cis- and trans-4-Methoxystilbene have been eens by Stoermer and Prigge (Annalen, 1915, 409, 


33), the cis-form as an oil obtained by the irradiation of the trans-form, m. p. 136°. It has now been 
prepared by he of 4-methoxy-a-phenylcinnamic acid; measurements of the ultra-violet absorption 
suggest that Stoermer and Prigge’s liquid irradiation product is an equilibrium mixture of the two forms. 
Experimental.—2-Phenyl-1-o-methoxyphenylethanol. .o-Methoxybenzaldehyde (13-6 g.) in ether 
(50 c.c.) was slowly dropped into a stirred, cold solution of Grignard reagent prepared from benzyl 
chloride (11-5 c.c.) and magnesium (2-4 g.) in ether (100 c.c.). The mixture was warmed for an hour and 
then decomposed with ice and dilute sulphuric acid. The product ( 13.) obtained after evaporation of 
the dried ethereal solution distilled at 205—215°/15 mm. It solidified and, crystallised from light 
petroleum, had m. p. 67—68° (Found: C, 78-8; H, 7-1. C,,H,,O, requires C, 78-9; H,7-0%). 
trans-2-Methoxystilbene. e carbinol (1 g.) in 15 c.c. of benzene-light petroleum (1: 1) was boiled 
under reflux for 15 minutes with 1 g. of phosphoric oxide. The fluorescent solution was decanted, the 
phosphoric oxide washed with more light petroleum, and the combined solutions were passed througha 
column of alumina, which was eluted with light petroleum. From the percolate 0-5 g. of solid stilbene 
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vered, m. p. 59° after ted crystallisation from oleum (b. p. 40—60°) and finally methyl 

Neohol (Found : C 85-7; H, 6-8. Calc. for C,,H,,O: 85.7: H, 6.79%). A specimen prepared as 
described by Kaufmann (loc. cit.) and purified as above had the same properties. 

cis-2-Methoxystilbene. 2-Methoxy-a-phenylcinnamic acid (Funk and Kostanecki, Joc. cit.) (12 g.) 
was boiled for an hour with 10 c.c. of quinoline and 1 g. of copper chromite. The cooled mixture was 

into dilute hydrochloride acid, the solution thoroughly extracted with ether, the extract washed 

with more acid and then with alkali, dried, and evaporated. The residue was distilled, giving 6 g. of 
colourless oil, b. p. 167—169°/10 mm. (Found : C, 85-2; H, 6-8. Calc.: C, 85-7; H, 6-7%). 

Isomerisation of cis-2-methoxystilbene. 500 Mg. of the liquid stilbene were boiled for 15 minutes with 
5c.c. of nitrobenzene and a crystal of iodine. The solvent was distilled off under reduced pressure, and 
the residue dissolved in light petroleum (b. p. 40—60°) and percolated through activated alumina. 
evaporation the percolate gave the solid ‘vans-2-methoxystilbene in colourless plates, m. p. 57° not 
depressed by admixture of a genuine specimen. 

trans-3-Methoxystilbene. m-Methoxybenzaldehyde (7:3 g-) was treated with benzylmagnesium 
chloride (from 6-2 c.c. of benzy! chloride), and the product worked up exactly as described above, but the 
crude carbinol was used for the dehydration with phosphoric oxide. The stilbene was recovered as a 
colourless oil (2 § b. p. 173—174°/4 mm., which gradually solidified and then had m. p. 21—24° (Found : 
Cc, 85-9; H, 6-7 %o 4 

3-Methoxy-a-phenylcinnamic acid. m-Methoxybenzaldehyde (7:3 g.) and sodium phenylacetate 
(11-9 g.) were condensed as described by Funk and Kostanecki for the 2-methoxy-isomer. The acid 
(9-8 g.) had m. p. 188—190° after crystallisation from alcohol (Found: C, 75-6; H, 5-5. C,.H,,O, 
requires C, 75-6; H, 5-5%). 

cis-3-Methoxystilbene. Decarboxylation of 5 g. of the foregoing acid as described above gave 2:5 g. of 
cis-stilbene, b. p. 122—123°/0-8 mm. (Found: C, 85-6; H,6-8%). The cis-compound could be quantitatively 
isomerised by boiling it with nitrobenzene and a trace of iodine, to give the trvans-isomeride, m. p. 21—24°. 

cis-4-Methoxystilbene. 4-Methoxy-a-phenylcinnamic acid (13 g.) was nn dee as described 
above, to yield 6 g. of the cis-stilbene, b. p. 141—143°/3 mm. (Found: C, 85-9; H, 6-9%). The residue 
left in the flask after the distillation of the cis-compound gradually solidified and proved to be the 
trans-form, m. p. and mixed m. p. 136°. The cis-compound was readily isomerised to the trans-compound 
on boiling it with nitrobenzene and a trace of iodine. 


The authors thank Miss K. Chilton for analyses, and the British Empire Cancer Campaign, the Jane 
Coffin Childs Memorial Fund for Medical Research, and the Anna Fuller Fund for grants made to the 
Royal Cancer Hospital in aid of this work.—Tur CHESTER BEATTY RESEARCH INSTITUTE, THE Royal 
CancER HosPITAL, FuLHAM Roan, Lonpon, S.W.3. [Received, July 11th, 1949.) 





Isomeric Propenylnaphthalenes. By Grorce A. R. Kon and R. G. W. SPIcKETT. 


l- and 2-PROPENYLNAPHTHALENE were required as reference substances for the comparison of their 
absorption spectra with those of certain metabolites obtained from anthracene and phenanthrene. The 
l-compound, usualty obtained by the isomerisation of l-allylnaphthalene, has been synthesised by 
Zalkind and Zonis (J. Gen. Chem. Russia, 1936, 6, 988) by the dehydration of 1-1’-naphthylpropan-1-ol, 
obtained from 1-naphthylmagnesium bromide and propaldehyde; we have prepared the carbinol from 
ethylmagnesium bromide and l-naphthaldehyde. In the same way 1-2’-naphthylpropan-l-ol was 
repared and dehydrated to the solid 2-propenylnaphthalene, which was oxidised by permanganate to 
ynaphthoic acid to establish the position of the double bond. The absorption spectra of the propenyl- 
naphthalenes will be described elsewhere. 

1-Propenylnaphthalene.—1-Naphthaldehyde (Badger, J., 1941, 535) (15 g.) in 75 c.c. of ether was 
gradually added to a stirred ice-cold solution of ethylmagnesium bromide (from 15 c.c. of ethyl bromide) 
in 60 c.c. of ether. The mixture was heated under reflux for 2 hours, kept overnight, and decomposed 
with ice and dilute sulphuric acid. The dried ethereal layer gave on distillation 12 g. of carbinol as a 
_ yellow oil, b. p. 130°/1-5 mm. The carbinol in 200-c.c. of light petroleum—benzene (4 : 1) was boiled 
or 10 minutes with 15 g. of —— oxide, and the supernatant liquid cooled and percolated through 
a column of alumina, which was further eluted with light petroleum (b. p. 60—80°). The oil recovered 
by evaporation of the solvent was converted into the picrate, m. p. 109—111° (4 g.), from which the pure 
hydrocarbon could be regenerated by chromatography. It was isolated by evaporation and dried in 
vacuo, but not distilled (to avoid polymerisation). 

2-Propenylnaphthalene.—1-2’-Naphthylpropan-1l-ol (12 g.), obtained from 2-naphthaldehyde (11 g.) 
as descri above, distilled at 138—140°/1-5 mm. as an almost colourless oil (Found: C, 83-5; H, 7-6. 
C,sH,,O requires C, 83-9; H, 76%). Dehydration with phosphoric oxide, followed by repeated 
chromatography, gave 2-propenylnaphthalene as an oil which solidified; it had m. p. 28° (Found: C, 
92-5; H, 7-6. C,3H,, requires C, 92-8; H, 7:2%). It did not form a picrate, but a étrinitrobenzene 
complex, yellow needles (from light petroleum—benzene), m. p. 108°, was obtained (Found: N, 10-9. 
C.3H »2,CgH,O,N, requires N, 11-1%). 

The hydrocarbon (100 mg.) in 10 c.c. of pure acetone was shaken overnight with 140 mg. of finely 
powdered potassium permanganate. The manganese dioxide sludge was washed with acetone, suspended 
in water, and brought into solution with sulphur dioxide, whereupon a colourless precipitate was obtained. 


This was twice crystallised from light petroleum (b. p. 80—100°) and identified as 2-naphthoic acid, 
m. p. and mixed m. p. 185°. 


The authors thank Miss K. Chilton for analyses, and the British Empire Cancer Campaign, the Jane 
Coffin Childs Memorial Fund for Medical Research, and the Anna Fuller Fund for grants made to the 
Royal Cancer Hospital in aid of this work.—Tuz CHESTER BEATTY RESEARCH INSTITUTE, THE RoYyAL 
Cancer HospiTaL, FutHaM Roap, Lonpon, S.W.3. (Received, July 11th, 1949.] 
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1 : 5-Dimethoxyanthracene. By J. W. Coox and P. L. Pauson. 


THE ready conversion of 1-chloroanthraquinones into the corresponding methoxy-compounds has 
been rted by Fischer and Sapper (J. pr. Chem., 1911, 83, 206) and by Decker and Laube (Bey 
1906 ‘2. 112), and we have found that 1 : 5-dimethoxyanthraquinone is conveniently prepared in 
excellent yield by the action of sodium methoxide on 1 : 5-dichloroanthraquinone. Like Hall and 
Hey (J., 1948, 736) we had found the preparation from 1 : 5-dinitroanthraquinone unsatisfactory, as to 
both yield and purity, and the disulphonic acid was not available. By hydrogenation over copper 
chromite 1: 5-dimethoxyanthraquinone yielded 1 : 5-dimethoxy-9 : 10-dthydroanthracene, which was 
smoothly dehydrogenated to 1 : 5-dimethoxyanthracene. 

Other methods of reduction led to no useful result. Attree and Perkin (j., 1931, 165) reduced the 
dimethoxy-quinone with stannous chloride in hydrochloric and acetic acids to 1 : 5-dimethoxyanthrone 
brown-red leaflets, m. p. 181—182°. Under the reported conditions we obtained a product of higher 
m. p., with | yjer and analysis figures in agreement with those of the quinhydrone, although the 
anthraquinol is not excluded. With the same reducing agent under more vigorous conditions Attree 
and Perkin obtained l-hydroxy-5-methoxyanthrone, m. p. 131—133° (they gave analysis figures only 
for the diacetate). The product which we obtained under the same conditions had m. p. 167—168°: 
its analysis agreed with 1-hydroxy-5-methoxyanthrone. Other methods of chemical reduction of 
1 : 5-dimethoxyanthraquinone cies and ammonia; sodium hydrosulphite (dithionite); amalgamated 
zinc and hydrochloric acid] failed to give the desired result (cf. Zahn and Ochwat, Annalen, 1928, 469, 
72; Zahn, Ber., 1934, 67, 2063). 

1 : 5-Dimethoxyanthraquinone.—Sodium wire (19 g.) under toluene (500 c.c.) was allowed to react 
with anhydrous methanol (300 c.c.); 1 : 5-dichloroanthraquinone (76 g.) was then added and the mixture 
boiled under reflux (oil-bath) for 10 hours. For hydrogenation, the product was recrystallised from 
glacial acetic acid or dioxan. It formed long yellow needles, m. p. 238—240° (yield, 85—90%). 

1 : 5-Dimethoxy-9 : 10-dihydroanthracene.—A solution of the quinone (25 g.) in ethanol (200 c.c.) was 
hydrogenated over copper chromite (5 g.; Org. Synth., 1939, 19, 31) at 120—150°/150—160 atms, 
Hydrogen uptake ceased after 2—3 hours, but hydrogenation was incomplete and the product was a 
mixture of | : 5-dimethoxy-9 : 10-dihydroanthracene and unchanged quinone. This result could be 
explained by inactivation of the catalyst by hydrochloric acid formed from dichloroanthraquinone as a 
contaminant. However, hydrogenation was still incomplete when carried out with a specimen of 
dimethoxyanthraquinone which had been recrystallised 10 times. Complete reduction was readily 
achieved when the hydrogenated solution was filtered hot from catalyst and re-hydrogenated (5 hours) 
after addition of fresh copper chromite. 1 : 5-Dimethoxy-9 : 10-dihydroanthracene formed colourless 
needles (from ethanol), m. p. 147—147-5° (Found: C, 79-7; H, 6-4. C,gH,,O, requires C, 80-0; H, 
6-7%). When this dihydro-compound was heated with palladium-black at 180° in a stream of carbon 
dioxide it gave | : 5-dimethoxyanthracene, m. p. 232—232-5° (lit., 224°), as pale yellow leaflets (from 
methanol or benzene) (Found: C, 80-6; H, 6-1. Calc. for C,,H,,O,: C, 80-7; H, 5-9%). The colour 
could not be removed by vacuum-sublimation or chromatography on alumina. 

Reduction of 1 : 5-Dimethoxyanthraquinone with Stannous Chloride.—(a) A solution of the quinone 
(1 g.) in acetic acid (30 c.c.) was treated at 100° with a solution of stannous chloride (5 g.) in concentrated 
hydrochloric acid (25 c.c.). After 10 minutes the green mass was filtered off and the solid rapidl 
recrystallised from acetic acid. The brownish-red crystals were twice recrystallised from acetic acid, 
in which they gave a yellow solution. The m. p. was indefinite (226—234°) (Found: C, 71-6; H, 
4-9%). The mother-liquors from the crystallisation of this material slowly deposited the quinone. 

(6) Solutions of the quinone (1 g.) in acetic acid (20 c.c.) and of stannous chloride (5 g.) in concentrated 
hydrochloric acid (25 c.c.) were mixed and boiled for an hour. After dilution of the mixture with hot 
hydrochloric acid the precipitate was collected. The resulting l-hydroxy-5-methoxyanthrone crystallised 
from acetic acid or ethanol in yellow needles, m. p. 167—168° (Found: C, 74-8; H, 5-2; OMe, 12-8. 
C,;H,,0, requires C, 75-0; H, 5-0; OMe, 12-9%). The colour of its solution in concentrated sulphuric 
acid slowly changed from pale yellow to green. The compound readily dissolved in hot 2Nn-sodium 
hydroxide, and the unstable solution soon deposited an amorphous red solid. Attempts to methylate 
it with methyl sulphate or to reduce it with zinc dust led to no crystalline product.— UNIVERSITIES OF 
GLasGOW AND SHEFFIELD. ([Received, July 13th, 1949.] 





576. Syntheses with 4-Alkylideneoxazolones. Part I. The Condensation 
of Aliphatic Aldehydes with Hippuric Acid. 
By I. L. Fryar and D. D. LisBMan. 
The conditions under which aliphatic aldehydes may be used in the Erlenmeyer azlactone 


synthesis have been investigated, and much improved yields have been obtained with lead 
acetate as the catalyst. 


Tue Erlenmeyer azlactone synthesis has proved a useful means of obtaining many a-amino- 
acids and substituted pyruvic acids. The literature on the subject to 1945 has been reviewed 
by Carter (‘Organic Reactions,” 1946, Vol. III, 198), who also indicates the variety of 
derivatives obtainable. However, the synthesis has so far been confined to the condensation 
of N-acylated glycines with aromatic aldehydes or «f-unsaturated aldehydes, with three 
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exceptions mentioned below; the present communication describes its extension to simple 
aliphatic aldehydes. 

The only catalyst used in reported condensations of saturated aliphatic aldehydes with 
hippuric acid is sodium acetate in acetic anhydride. Using a nine-fold excess of acetaldehyde, 
Carter, Handler, and Melville (J. Biol. Chem., 1939, 129, 359) obtained a 15—20% yield of 
9-phenyl-4-ethylideneoxazol-5-one. With only slightly different conditions, Corse, Kleiderer, 
and Soper (J. Amer. Chem. Soc., 1948, 70, 438) obtained about 40% of the 4-n-propylidene 
derivative. Erlenmeyer and Kunlin (Amnalen, 1901, 316, 145) used only one molecular 
proportion of isobutyraldehyde at 100°; they stated that the yield of 2-phenyl-4-isobutylidene- 
oxazol-5-one was poor, but gave no figures. In our hands this method gave about 8% yield. 
Evans and Walker (J., 1947, 1571) were unable to condense -methoxyphenylacetaldehyde with 
hippuric acid. 

In our first exploratory experiments two mols. of acetaldehyde were used; it was later 
found possible to reduce this further to 1:1 mols. As the American authors had stressed the 
deleterious effect of temperatures above 60°, our early investigations were carried out at 
laboratory temperature with mechanical shaking, usually for 48 hours. Many different 
catalysts were tried. Johnson (“ Organic Reactions,” 1942, Vol. I, 237) has discussed the 
various metallic acetates that have been used as catalysts in the related Perkin reaction, 
and in general it has been found that the yields increase with the electropositive character 
of the metal. We have found the reverse to be true in the synthesis of alkylideneoxazolones 
when using the alkali metal acetates as catalysts, the acetates of the more strongly electro- 
positive metals giving rise to red gummy by-products. Thus with potassium acetate the 
reaction was very exothermic, giving a gummy product from which only a small yield of 
azlactone was isolated; with lithium acetate the reaction was not vigorous and no gum was 
formed, but the yield of pure azlactone was now 30%; sodium acetate was intermediate in 
effect. 

The salts of metals of-other groups were also investigated, cupric and mercuric acetates 
being ineffective, whilst thallous, calcium, and barium acetates gave low yields. When, 
however, anhydrous lead acetate, its trihydrate, or a commercial basic lead acetate was used, 
the yield rose to 50—60%. 

Yields of 0—15% were obtained when various nitrogenous bases, such as ammonium 
acetate, triethylamine, and acetamide, also piperidine, morpholine, and their N-acetyl 
compounds, were used as catalysts. 

It was found that temperature had a profound influence on the rate of reaction. Thus in 
most cases reaction was substantially complete after 36 hours at 20—23°. Below about 18° 
there was no reaction when lead acetate was used as catalyst; on the other hand, approximately 
the same yields were obtained in 10—20 minutes at 100° as after 36—48 hours at 20°. Although 
this involves the use of pressure vessels for acetaldehyde and propionaldehyde it appears to be 
the most convenient for m- and iso-butyraldehyde, no simple aldehydes beyond these having 
yet been examined. 

Attempts to use aceturic acid or acetals (cf. Yuan and Li, J. Chinese Chem. Soc., 1937, 5, 
214) were unsuccessful, and the yield decreased when the amount of catalyst was reduced below 
one equivalent. The replacement of sodium acetate by lead acetate in the condensation of 
benzaldehyde with hippuric acid did not result in an improved yield. 


EXPERIMENTAL. 


Effect of Various Catalysts in the Condensation of Acetaldehyde with Hippuric Acid.—Acetic anhydride 
(16 ml., 0-15 mol.), hippuric acid (8-95 g., 0-05 mol.), and the catalyst (0-05 equiv.) were added successively 
to acetaldehyde (4-4 g., 0-1 mol.) in a glass-stoppered tube, and the mixture was shaken at laboratory 
temperature for 15 hours. During this period the solid generally dissolved, and long needles began to 
separate. Although reaction was usually almost complete at this stage, the mixture was kept for a further 
33 hours, with occasiona] shaking, and then poured into water (150 ml.). After all the acetic anhydride 
had hydrolysed (ca. 1 hour) the crude yellow product was filtered off, washed with water, and dried at 
50°. It was recrystallised from 50% aqueous ethanol, forming nearly colourless needles. On a larger 
scale this solvent caused some loss by hydrolysis; purification was effected by dissolving the crude 
product in four times its weight of hot acetone, filtering, and carefully adding about twice its weight of 
cold water. With anhydrous or basic lead acetate the yield of product, m. p. 91—92°, was 58%; with 
the trihydrate 50%, m. p. 89—90°. The pure oxazolone melts at 95—96° and distils as a colourless oil 
at 110—112°/0-1 mm. 

Effect of Temperature.—The same quantities of reactants were heated in a steam-jacketed sealed tube 
for 10 minutes, and a clear yellow solution was obtained. Lithium and lead acetates as catalysts gave 
yields of 29% and 53%, respectively. 

Condensation of Other Aldehydes.—The aldehyde (0-06 mol.), acetic anhydride (16 ml., 0-15 mol.), 


. 





2728 Riley: The Seed Fat of CEnothera biennis L. 


hippuric acid (8-95 g., 0-05 mol.), and lead acetate (8-13 g., 0-05 equiv.) were shaken at 20—23° for 
15 hours, left for 33 hours, and then treated as above. The yields obtained are: 


M. p. of 
Aldehyde. Yield, %. M. p. pure compound. 
Acetaldehyde 95—96° 
Propionaldehyde 84 
n-Butyraldehyde 57 
isoButyraldehyde 87 


(Corse, Kleiderer, and Soper (Joc. cit.) give the m. p. of the 4-propylidene derivative as 81—83°,] 


2-Phenyl-4-n-butylideneoxazol-5-one.—A yield of only 7% was obtained with the above conditions, 
A mixture of n-butyraldehyde (17-3 g., 0-24 mol.), acetic anhydride (64 ml., 0-6 mol.), hippuric acid 
(35-8 g., 0-2 mol.), and lead acetate (32-5 g., 0-1 mol.) was heated under reflux for 20 minutes, 
and the clear erange solution was then poured into water (600 ml.). After some hours the gummy 
product was extracted with boiling light petroleum (b. p. 40—60°; 5 x 80 ml., which extract on 
evaporation of the solvent gave a yellow solid (9-3 g.; 22% yield), m. p. 52—54°. Recrystallisation 
from methanol gave colourless flattened needles, m. p. 57°, of the oxazolone (Found: C, 72-7; H, 6-5; 
N, 6-4. C©,3;H,;0,N requires C, 72-5; H, 6-1; N, 6-5%). 


The authors thank Messrs. May and Baker Ltd. for providing one of them (D. D. L.) with the facilities 
for these investigations. 


NORTHERN PoLtyTecunic, Lonpon, N.7. 
RESEARCH LABORATORIES, MAY AND BAKER LTD., 
DaGENHAM. [Received, February 14th, 1949.) 





577. The Seed Fat of Gnothera biennis L. 
By J. P. RILey. 


The structure—octadeca-6 : 9 : 12-trienoic acid *—proposed by Eibner, Widenmeyer, and 
Schild for the trienoic acid present in the seed oil of Gnothera biennis has been confirmed. The 
methyl ester of the acid has been isolated in a pure state by debromination of its hexabromide, 
and values are presented for its behaviour to alkali isomerisation under the conditions employed 
for the determination of triene acids of this type. The oleic and linoleic acids present in the fat 
have been shown to be the acids normally occurring in vegetable fats. The composition of the 
component mixed fatty acids has been shown by low-temperature crystallisation and spectro- 
graphic methods to be: palmitic 8-8, stearic 1-3, higher saturated acids 1-0, oleic 7-0, linoleic 
71-7, and octadeca-6 : 9 : 12-trienoic acid 10-2% (wt.). 


Cnothera biennis L., commonly known as the evening primrose, belongs to the order Myrtiflorae, 
family Onagraceae, and is a herbaceous perennial. It was introduced in 1614 into European 
gardens from Virginia, and has since become a wild plant. It is biennial and produces in the 
first year rosettes of leaves; in the autumn of the second year it forms tall stems, each bearing 
numerous yellow blooms, which, as the common name implies, open in the evening, being 
pollinated by moths. Below the flower there is a long seed pod, which is divided longitudinally 
into four compartments, each containing many tiny seeds. 

The seed oil seems to have been first examined by Unger (Apoth. Ztg., 1917, 32, 351), who 
showed that the seeds contained 15% of oil extractable with light petroleum. Heiduschka and 
Luft (Arch. Pharm., 1919, 257, 33) extracted 14% of oil with ether, and were able to show that, 
besides normal oleic and linoleic acids, there was present in the mixed fatty acids a linolenic acid, 
yielding on bromination a hexabromide, m. p. 196° (decomp.), which they called y-linolenic acid. 
Eibner, Widenmeyer, and Schild (Chem. Umschau, 1927, 34, 312), on bromination of the mixed 
fatty acids in ether, obtained a hexabromide, m. p. 203°. On debromination, and ozonolysis of 
the resultant y-linolenic acid, there were obtained, after hydrolysis of the ozonide, hexaldehyde 
and adipic acid, and they therefore concluded that y-linolenic acid is octadeca-6 : 9 : 12-trienoic * 
acid. 

Since this structure, suggested over twenty years abo, has remained unconfirmed, and since 
this acid has not been reported in any other natural fat, it seemed desirable to repeat the earlier 
observations with the aid of techniques more recently developed, and the present investigation 
was therefore directed towards this end and to the accurate analysis of the mixed fatty acids of 
the oil. For this purpose, plants growing wild on the sandhills near Southport, Lancashire, were 


* In this paper the acids are numbered on the Geneva system, the number 1 being assigned to the 
carboxyl carbon atom (cf. this vol., pp. S 91, 1541). 
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collected and dried before the seeds were separated. In Table I are shown the characteristics 
of the oil extracted, together with those reported by other workers. 


TABLE I, 
Characteristics of CEnothera biennis oii. 


Oil (on dried seed), % 

Saponification equivalent .. 

Iodine value (I.V.) 

Free fatty acid (as oleic), % ......... . . 

Unsaponifiable matter, % 2-27 2-4 
Refractive index, n 1-4722/40° 1-4782/20° 


I, Present work. 

II, Heiduschka and Luft (Joc. cit.). 
III, Ueno and Kimura (J. Soc. Chem. Ind. Japan, 1943, 46, 486). 
IV, Litvinchuk (Tekh Kul’tari, 1939, 19, 75). 


The mixed acids of the oil have been examined by low-temperature crystallisation from 
solvents, coupled with the determination of the component acids of the fractions by alkali 
isomerisation, by slight modification of the methods 
used by Gunstone and Hilditch (J. Soc. Chem. Ind., 
1946, 65, 8) for the analysis of oils containing linoleic 
and linolenic acids. The most soluble crystallisation 
fraction, which contains the majority of the trienoic 
acid present in the oil, has been ozonised, and adipic 
acid detected among the hydrolysis products, con- 
firming the deductions of Eibner e¢ al. (loc. cit.) that 
the acid is octadeca-6 : 9: 12-trienoic acid. For the 
purposes of the spectrographic analysis of the oil, it 
was necessary to obtain a pure specimen of the acid, 
in order to determine its behaviour to alkali isomeris- 
ation. This has been accomplished by the bromin- 
ation of the concentrate of the acid, and debromin- 
ation of the purified hexabromide, m. p. 196°, by 
means of zinc and pyridine. The methyl ester of 
the product was fractionally distilled, and on alkali 
isomerisation and spectrographic examination by le eal at ne eat 
the method of Hilditch, Morton, and Riley (Analyst, r 230 250 270 290 310 
1945, 70, 67) the results (expressed as acids) shown ‘ Wave-length, my. 
in the figure and in Table II were obtained. In U/#ra-violet absorption of methyl octadeca- 
Table II are also recorded for comparison the values 0:0: 20enaes aur Cae Cane 

. = _—. at 170° for 15 minutes. 
obtained under the same conditions by Hilditch 
et al. (loc. cit.) for normal linolenic acid (octadeca-9 : 12 : 15-trienoic acid). 

From the above table it will be seen that there is good qualitative agreement between the 
results for the two acids. The slight divergences may be explained by difference in either the 
positions of the double bonds or the cis-trans-configurations of the acids. In the calculations of 
the analysis of the nothera oil, the values obtained for the 6: 9: 12-trienoic acid have been 
employed. 

Oxidation of a concentrate of the oleic and linoleic acids, obtained by low-temperature 
crystallisation, yielded the normal di- and tetra-hydroxystearic acids formed by the oleic and 
linoleic acids (octadec-9-enoic and octadeca-9 : 12-dienoic) found in vegetable fats. Further 
proof of this structure was afforded by the fact that acetone—-permanganate oxidation of the 
concentrate yielded azelaic acid as the sole dibasic acid. 








TaBLeE II. 
Behaviour of octadecatrienoic acids on alkali isomerisation. 


6: 9: 12-Trienoic acid. 9: 12: 15-Trienoic acid. 
E}%, at . 268 my. 234 my. 268 my. 
Isomerised at 170° for 15 mins. ............ssceeeees 522 622 532 
Isomerised at 180° for 60 mins, .............scsse008 — 569 482 





2730 Riley: The Seed Fat of @nothera biennis L. 


Palmitic acid has been identified as being the principal saturated acid present in the oil, and 
is associated with small amounts of stearic acid and of a mixture of higher saturated acids which 
has not been resolved. 

In Table III is shown the composition of the mixed acids of the oil determined by the 
procedure outlined above, together with the values recorded by Heiduschka and Luft (loc. cit.) 
and by Eibner and Schild (Chem. Umschau, 1927, 34, 339). 

The agreement between the three sets of results is as good as can be expected, since the older 
analyses relied upon determination of the weights of ether- and petrol-insoluble bromides, a 
procedure which is now known to be uncertain and of no great accuracy. 


TaBLeE III. 
Composition of the mixed acids of Enothera biennis oil, excluding unsaponifiable matter (% by wt.). 


Present work. Heiduschka and Luft. Ejibner and Schild. 
— 0-8 

8 

7 


l- 
l- 
l- 
0- 


Though hexoic acid has been sought in the oil, no trace has been found, and that detected 
by Heiduschka et al. was probably an oxidative fission product of either the linoleic or the 
octadeca-6 : 9 : 12-trienoic acid in the oil. 


The bright yellow unsaponifiable matter in the oil has been shown by Klapholz and 
Zelbner (Monatsh., 1926, 47, 174) to be a mixture of phytosterols. 


EXPERIMENTAL. 


Plants growing on the sand-dunes at Birkdale, Lancashire, were collected in late October and air-dried 
at room temperature for a fortnight. The seeds (average weight 0-48 mg.) were separated by hand from 
the pods and dried to constant weight at 100°. Extraction of the dried seeds with light petroleum 
(b. P. 40—60°) yielded 11-1% (expressed on dried seeds) of a clear yellow oil (see Table I). 

he mixed fatty acids (96-85 g.; I.V., 163-3) prepared by hydrolysis of the oil with alcoholic potash 
were crystallised twice at —65° from a 9% solution in acetone, and the insoluble acids recrystallised first 
at —60°, and then at —30% from a 9% solution in ether with the following results. 


Fraction. Conditions. , . LV. 
Insoluble in ether at —30° : ° 5-9 
Soluble in ether at —30° : - 145-3 
Soluble in ether at —60° : : 170-9 
Soluble in acetone at —65° - . 175-7 
Soluble in acetone at —65° : . 201-5 * 


* Iodine value, after removal of unsaponifiable matter, 207-0. 


The mixed acids of the oil, and the above five fractions, were examined spectroscopically after alkali 
isomerisation at 170° for 15 minutes and at 180° for 60 minutes by the method of Hilditch, Morton, and 
Riley (loc. cit.), with the results shown below. 


+ Ee 6: 9:12-Linolenic, Linoleic, Oleic, 
at 268 mp. at 234 my. %. 
Mixed acids 56-7 690 10-9 
A 28 mani 


679 —_ 

803 0-9 
741 11-9 
643 43-9 








Fractionation of the hydrogenated methyl esters prepared from the mixed acids showed the oil to 
contain 8-7% of palmitic acid and 3-6% of unsaponifiable matter, and less than 0-03% of acid lower than 
palmitic. 

The above data, combined with the results obtained by fractional distillation of the methy] esters of 
the acids A (for details see below) showed the composition of the mixed acids of the oil to be as follows : 
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E %, Excluding 
(21-0%). Total. © unsaponifiable. 
1-70 
0-62 1-63 0-35 0-37 
0-27 , : 2-41 
2-92 ° , 8-05 
6:9: 12-Linolenic as [ 8-47 
Examination of Fraction A.—The methylesters of fraction A on distillation yielded fractions having the 
following characteristics : 


Fraction. g. Sap. equiv. .V. Fraction. g- Sap. equiv. LV. 
Al 1-85 269-7 0-4 A3 1-92 287-3 16-3 
A2 2-03 266-4 2-1 A4 0-95 389-7 10-0 

Fraction Al was converted into its p-bromophenacyl ester, which after recrystallisation had m. p. 
83—84° (no depression with the p-bromophenacy] derivative of palmitic acid, m. p. 83-5—84°). 

Fraction A3 was hydrolysed, and the resultant acid recrystallised three times from ethyl acetate, 
giving an acid, m. p. 65—66° [mixed m. p. with stearic acid (m. p. 69°), 65—68°]; the compound was 
therefore a somewhat impure stearic acid. 

Fraction A4. The acids (sap. equiv., 339-4; m. p. 67°) obtained by saponification of A4 and removal 
of unsaponifiable matter could not be further resolved by crystallisation and were therefore probably a 
ternary mixture of arachidic, behenic, and lignoceric acids. 

Examination of Fraction E.—The unsaponifiable matter was removed from 19-5 g. of E by the Society 
of Public Analysts method (Analyst, 1933, 58, 203), yielding 17-1 g. of acids, I.V. 207-0, E}%, at 234 mz., 
6-1; at 268 myp., 0-8 (on unisomerised acids, indicating absence of conjugated di- or tri-ene acids), and 
1-58 g. (8-1%) of unsaponifiable matter, I.V. 135-6. 

Ozonolysis of E (after Removal of Unsaponifiable Matter).—1-025 G. of E were ozonised in 25 ml. of 
chloroform at —70° for 1 hour, and the chloroform then removed by passing dry air through the solution. 
The ozonide was hydrolysed by boiling under reflux with 50 ml. of water for 2 hours, and the resultant 
aldehydes oxidised by treatment with 3 ml. of 30% hydrogen peroxide. The liquid was evaporated to 
dryness, and the crude dibasic acids (0-474 g.) recrystallised six times from ether, yielding 0-05 g. of adipic 
acid, m. p. 147° [mixed m. p. with adipic acid (m. p. 151°), 148—150-5°). 

Preparation of Methyl Octadeca-6 : 9: 12-trienoate—The acids E (15-07 g.) (after removal of 
ansaponifiable matter) were brominated in solution in 150 ml. of ether at below —10° with 6-3 ml. of 
bromine. The insoluble bromides (7-36 g.) were filtered off and washed with ether; they were then 
crushed and boiled under reflux three times with ether (200 ml.) to dissolve tetrabromides. There 
remained 5-85 g. of ether-insoluble bromides, m. p. 196° [Found: Br, 62-4 (determined by Stepanow’s 
method (Ber., 1906, 39, 4056). Calc. for hexabromostearic acid: Br, 63-3%]. 

5-5 G. of the hexabromostearic acid were debrominated with 6 g. of zinc dust in 30 ml. of pyridine 
according to the method of Kaufmann and Mestern (Ber., 1936, 69, 2684). The debrominated acid 
(1-86 g.) was methylated overnight at 0° with 20 ml. of methyl alcohol containing 0-5% of hydrogen 
chloride, which yielded 1-81 g. of neutral ester; this was fractionated at ca. 0-1 mm. through a 
micro-distillation apparatus, yielding 0-92 g. of methyl octadeca-6 : 9 : 12-trienoate (Found : sap. equiv., 
292-9; I.V., 261-5. Calc.: sap. equiv., 292-0; I.V., 260-9). The pure ester was subjected to alkali 
isomerisation at 170° for 15 minutes and at 180° for 60 minutes according to the method of Hilditch, 
Morton, and Riley (loc. cit.), and the spectrographic values of the derived acids were determined: 
E}%, at 268 my. (170°/15 mins.), 522; Ei%, at 234 mp. (180°/60 mins.), 603. 

Identification of Oleic and Linoleic Acids.—After removal of unsaponifiable matter, the mixed acids 
(12-75 g.) from the oil were recrystallised from a 9% solution in acetone at —65°, and the resultant 
pean — acids (Sl) (10-44 g.; I.V., 154-9) were employed for the identification of oleic and 

oleic acids. 

(i) Acetone—permanganate oxidation of S,. The methyl ester of S, (2-59 g.) was oxidised in solution in 
acetone with 15 g. of potassium permanganate. There was recovered 0-68 g. of crude dibasic acids, which, 
on recrystallisation from water yielded 0-27 g. of azelaic acid, m. p. 103—-104° (undepressed on admixture 
with authentic azelaic acid, m. p. 103—104°). 

(ii) Bromination. S, (2-37 g.) was brominated in 5% solution in light petroleum (b. p. 40—60°) at 
—10° with 0-79 ml. of bromine. The resultant crystalline bromides (2-029 g.) were recrystallised from 
ether, yielding 0-85 g. of tetrabromostearic acid, m. p. 114—115° (Found: Br, 52-8. Calc. for tetra- 


bromostearic acid: Br, 53-3%) (undepressed on admixture with 9: 10 : 12 : 13-tetrabromostearic acid, 
m. p. 114—115°). 


(iii) Lapworth-Mottram oxidation. S, (6-10 g.) was oxidised with 600 ml. of 1% one potassium 


permanganate solution according to Lapworth and Mottram’s procedure (J., 1925, , 1628). There 
were recovered 4-12 g. of hydroxy-acids and 0-39 g. of saturated acids. On recrystallisation of the 
hydroxy-acids from water and ethyl acetate, 0-12 g. of dihydroxystearic acid, m. p. 129—130°, was 
obtained (m. p. undepressed on admixture with 9: 10-dihydroxystearic acid, m. p. 131°). In addition, 
the two 9: 10: 12: 13-tetrahydroxystearic acids, m. p. 155° (0-10 g.) and m. p. 169—170° (1-02 g.), 
formed from linoleic acid were also recovered from the hydroxy-acids. 


_The author wishes to thank Professor T. P. Hilditch, F.R.S., for his valuable suggestions and 
guidance throughout this work. 
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578. The Polymerisation of Methacrylamide and the Alkaline 
Hydrolysis of* the Polymer. 


By C. L. Arcus. 


The preparation of methacrylamide and its polymerisation in toluene and in ethyl acetate, 
catalysed by benzoyl peroxide, are described. The polymer is soluble in water and hygroscopic. 

Rates of alkaline hydrolysis of acetamide, methacrylamide, and polymethacrylamide at 
97° have been determined. The first two amides are rapidly and completely hydrolysed; the 
hydrolysis of polymethacrylamide proceeds fairly rapidly until 70% of the original nitrogen 
content has been evolved as ammonia and then becomes very slow. An explanation of the 
incomplete hydrolysis is put forward in which the steric and polar effects of hydrogen bonding 
between the remaining amide groups and adjacent carboxy] ions inhibit further reaction with 
hydroxy] ions. 


Groups attached to a large (polymeric) molecule are modified in reactivity by steric and 
polar factors characteristic of the molecule. The present work is part of an attempt to 
elucidate the effects of these factors. It is desirable to select for investigation reactions which 
can be carried out with reagent and polymer in homogeneous solution. Polymethacrylamide, 
which is soluble in water, has been prepared, and its alkaline hydrolysis studied. 

Bruylants and Castille (Bull. Sci. Acad. roy. Belg., 1927, 18, 779) prepared a somewhat 
impure specimen of methacrylamide and found that on boiling its solution in benzene an 
amorphous polymer was formed. The preparation of the monomer from acetone cyanohydrin 
is described in U.S.P. 2,140,469, and the preparation of aqueous solutions of the interpolymers 
of methacrylamide with methacrylic and maleic acids, with potassium persulphate as catalyst, 
is described in B.P. 475,671. No satisfactory description of the preparation of polymeth- 
acrylamide has been found. 

Methacrylamide, CH,:-CMe*CO-NH,, was prepared by shaking methyl methacrylate with 
excess of ammonia at room temperature for 7 days. Polymerisation, catalysed by benzoyl 
peroxide, was effected in solution in toluene. It was found that the following conditions are 
necessary in order to obtain a satisfactory yield of polymethacrylamide: (a) a concentrated 
solution of monomer, obtained by using toluene at its b. p., 111°, which lies at the m. p. of 
methacrylamide, 110—111° (it is necessary to avoid so great a concentration that when partial 
polymerisation has occurred an almost solid mass is formed) ; (b) addition of the benzoyl peroxide 
(2°4% of the weight of the monomer) in small quantities over a period and not as a single 
addition; (c) maintenance of an atmosphere of nitrogen. The total reaction time was 
3°5 hours. 

Experiments, otherwise identical, having 4:1, 3:1, and 2°5:1 (ml.:g.) ratios of toluene 
to methacrylamide gave respectively 75, 78, and 89% yields of polymethacrylamide. The 
intrinsic viscosities of 1% aqueous solutions of these polymers, viz., [yn], = (1/c) In %jn./Np,0, 
where ¢ = g. of polymer in 100 ml. of solution, were respectively 0°55, 0°61, and 0°12. 

The most concentrated polymerisation solution gave the highest yie]d of polymer but with 
a marked reduction in average molecular weight. Polymerisation was also carried out in 
solution in ethyl acetate, in which the maximum attainable concentration is lower than in 
toluene and the maximum temperature is limited by the b. p. (77°); reaction for 20 hours with 
5°0% of benzoyl peroxide gave a 45% yield of polymethacrylamide having [7], 0°09. 

Polymethacrylamide was obtained as a fine, white hygroscopic powder; the dry polymer 
when kept at 80% relative humidity for 24 hours absorbed 24% of its weight of water. 

The monomer contained the theoretical quantity of nitrogen, 16°5%. Two specimens of 
polymethacrylamide (A and B, see Experimental) contained respectively 14°8 and 14°9% of 
nitrogen. The lowering of the nitrogen content below that for [~CH,*CMe(CO-NH,):],, is caused 
by the presence of phenyl and benzoate end-groups from the benzoyl peroxide, and to some 
hydrolysis and imide formation occurring during the removal of solvent from the polymer, 
which was effected by alternate heating and maintenance in a vacuum. Similar but more 
extensive imide formation was observed by Staudinger and Urech (Helv. Chim. Acta, 1929, 
12, 1107) during the polymerisation of acrylamide. 


*CH,"CMe- *CH,°CMe-CH,"CMe- *CH,°CMe- 
O-NH, O-NH—CO O,H 
(I.) (II.) (III.) 
The percentage weights (i.e., g. of unit in 100 g. of polymer) of amide units (I) (N, 16°5%), 
imide units (II) (N, 9°1%), acid units (III), and end groups (Ph and Ph:CO,) in the polymer 
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(preparation B) have been estimated in the following way. The content of end groups is 
considered (from data described below) to be 2°3%. The acid-unit content was found, by 
titration of the polymer, to be 46%. The percentage weights, and y, of amide and imide 
units can be found from the equations 


14°9 = (16°5% + 9°ly)/100 and * + y + 2°3 + 4°6 = 100 whence ¥ = 87°2 and y = 59%. 
Part of this specimen was subjected to hydrolysis in 3°7N-sodium hydroxide for 2 hours, and 
on acidification the hydrolysed polymer (75% of the original weight) was precipitated. It 
contained N, 4°9%; the inoompleteness of hydrolysis is discussed below. In order to permit 
calculation, the assumption has been made that during hydrolysis all the imide rings are 
opened, yielding amide and carboxyl groups (of which the former may further hydrolyse to 
carboxyl). With this assumption, the nitrogen content, 4°9%, is equivalent to 29°9% of 
amide units. The content of acid units was found by titration to be 67°8%. The content of 
phenyl and benzoate end groups, is, by difference, 2°3%. This value has been applied, above, 
to the original polymer. 
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When attempts were made to estimate the amide content of polymethacrylamide by alkaline 
hydrolysis and titration of the ammonia evolved, it was found that the reaction does not go to 
completion. Further, as already described, the polymer isolated from the alkaline hydrolysis 
of polymethacrylamide had a nitrogen content 33% of that of the original polymer. 

The rates of hydrolysis of acetamide, methacrylamide, and polymethacrylamide 
(preparation B) in 1°8n-sodium hydroxide at 97° have been determined (see Fig. 1). The 
progress of reaction was followed by periodical estimation of the evolved ammonia as described 
on p. 2735. Acetamide and methacrylamide were rapidly and completely hydrolysed; 
hydrolysis of polymethacrylamide proceeded until 70% of the total nitrogen content had been 
evolved and then became very slow. The percentage of available nitrogen evolved has been 
calculated for acetamide and methacrylamide from the theoretical nitrogen contents, and for 
polymethacrylamide from the experimental value, 14°9%. 


The following second-order constants (in moles“! ml. min.-!) have been calculated from the 
data of Fig. 1. 


Amide. Period, mins. k Amide. 


Acetamide 76 Polymethacrylamide 
57 ” 


where a, b, and x are moles, respectively, of amide, sodium hydroxide, and ammonia evolved, 
v is the volume (in ml.), and ¢ the time (in mins.). 
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When 70% of the nitrogen content of polymethacrylamide had been evolved, there remained 
N, 45%, equivalent to 27'2% of amide units. Of the groups present in the original polymer, 
the imide units, 5-°9%, yielded on hydrolysis 3°3% of acid units and 3°3% of amide units; the 
latter together with the 87'2% of amide units originally present total 90°5%, of which 27-2% 
remained unhydrolysed, whence 63°3% were hydrolysed, yielding 64°1% of acid units. There 
were 4°6% acid units in the original polymer, and the hydrolysed polymer therefore contained 
3°3 + 64°1 + 46 = 72°0% of acid units. (These percentage weights relate to the weight of 
the original polymethacrylamide.) The ratio of amide groups to carboxyl groups at this 
point was 27°2/85°1 : 72°0/86°1 or 1 : 2°6. ‘ 

The. cessation of hydrolysis is attributed to the effects of hydrogen bonding of the amide 
groups by carboxyl ions. One amide group can undergo bonding with one or with two 
carboxy] ions, and the latter may be adjacent to the amide group (IV) or attached to another 
part of the chain or to a different molecule (V). Through the formation of structures of types 
(IV) and (V) hydrogen bonding causes the polymer molecules to take up more compact 


*CH,*CMe: 
*CH,°CMe-CH,’CMe-CH,’CMe- O 


IV. Oo .§----HNH----6CO Vv. 
_ .§- +++ HNH:++-O-CO Pry CH, = v) 


arrangements and the approach of hydroxyl ions is hindered. The effectiveness of the steric 
hindrance is increased by the methyl groups attached to the carbon atoms which are «- to the 
amide and carboxyl groups. 

Further, a polar effect arises from the hydrogen bonding. The N—H electron-pair is partly 
released towards the nitrogen atom and a fractional negative charge is relayed to the amide 
carbon atom. The approach of the hydroxy] ion in the first stage of hydrolysis 


“CH, CMe: -CH, CMe: *CH,CMe: 
O=C-NH, —> @)-C-NH, —- 20+ NH, 
H 





80H 


is rendered more difficult by this polar effect. The experimental results described above 
indicate that when the ratio of carboxyl ions to amide groups attains the value 2°6:1 the 
combined steric and polar retardation effects reduce the rate of hydrolysis nearly to zero. 

It is possible that the polymer, when this state has been reached, has a structure in which 
each amide group is bordered by two carboxy] ions which form hydrogen bonds only with the 
given amide group; i.e., structures of type (VI) are present but not those of type (VII). 


ghee L bile ee ek Ook 6 26- 


(VI.) (VIL.) 





The minimum carboxy] : amide ratio necessary to fulfil these conditions is 2 : 1, and for this 
the arrangement of groups shown in (VI) is required. The random hydrolysis of amide groups 
in polymethacrylamide is unlikely to lead to the optimum distribution (VI) of carboxy] ions; 


RIZICSLee sR: 


(VIIL.) 





at the cessation of hydrolysis when the conditions of hydrogen bonding described above are 
present, the carboxy] : amide ratio exeeds 2: 1 and the structure of the polymer is of type (VIII). 


EXPERIMENTAL, 


Methylene chloride was washed with potassium carbonate solution, dried (K,CO,), distilled, and 
the fraction of b. p. 41—41-5° collected. Ethyl acetate was washed twice with sodium carbonate 
solution, twice with water, dried (CaCl,), distilled, and the fraction of b. p. 76-5—77-5° collected. 
Toluene was washed thrice with dilute hydrochloric acid, thrice with 3Nn-sodium hydroxide, dried 
(K,CO,), distilled, and the fraction of b. p. 110-5—112° collected. Methyl methacrylate was washed 
thrice with N-sodium hydroxide, thrice with water, dried (CaCl,), distilled, and the fraction of b. p. 
100—101-5° collected. 
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Benzoyl peroxide was dried (CaCl,) in a vacuum; the peroxide content, determined by reaction 
with sodium iodide in acetic anhydride solution and titration of the liberated iodine with sodium 
thiosulphate (Nozaki, Ind. Eng. Chem. Anal., 1946, 18, 583), was (i) 97-8, (ii) 98-3%. 

Methacrylamide Monomer.—Methyl methacrylate (76 g.) was shaken mechanically with ammonia 
(390 ml., @ 0-885) daily for 7 days in a stoppered bottle. A homogeneous solution was formed which 
was evaporated in 3 portions at 19 mm. in a water-bath at 78°. The product was dried (CaCl,) to 
constant weight (65 g.) ina vacuum. A white mass resulted which was broken into small pieces and 
heated under reflux with methylene chloride (580 ml.), and the solution filtered (warm-water funnel) ; 
the residue was similarly extracted with 60 ml. of methylene chloride. Monomeric methacrylamide 

llised from the filtrates on cooling in ice, and two further crops were obtained from the mother- 

iquor; total yield 48 g. (75%), m. p. range 95—-109°. Repeated crystallisation from methylene chloride 

ve thin plates, m. p. 110—111° (Bruylants and Castille, loc. cit., record m. p. 102—106°) [Found : 
f (i) 16-4, (ii) 16-6. Calc. for C,H,ON : N, 16-5%]. 

At the b. p. of the solution, 1-0 g. of methacrylamide was dissolved by 11-4 g. of methylene chloride. 

In the above preparation, the ratio of methyl methacrylate (in g.) to ammonia (in ml.) was 1: 5; 
similar preparations with ratio 1: 3 (7 days’ reaction) gave (i) 70, (ii) 63% yield, and with ratio 1: 2 
(29 days’ reaction) 28% yield. 

Polymethacrylamide.—Specimens of pe seen eng were characterised by determining the 
intrinsic viscosity, [n]e, of a 1% solution of the polymer in water, a No. 1 B.S.S. Ostwald viscometer 
being used at 25°. 

(A) Methacrylamide (15-0 g.) was dissolved in toluene (61 ml.) in a flask, fitted with a reflux 
condenser and a mechanical stirrer, immersed in an oil-bath kept (thermo-regulator) at 120° + 1-5°. 
A current of nitrogen was passed through the solution. A solution of benzoyl peroxide in toluene was 
added from a burette fitted to the apparatus; 9 ml. of solution containing 0-36 g. of peroxide were added 
in 11 portions during 3 hours. After a further } hour the reaction mixture was filtered, and the polymer 
thrice washed by heating it under reflux with 30 ml. of methylene chloride and filtering it off. It was 
dried to constant weight by repeatedly heating it at 100° and allowing it to cool in a vacuum in the 
presence of calcium chloride and paraffin wax. The polymethacrylamide so prepared was a fine, white 
powder, 11-3 g. (75%), [me (i) 0-54 (c, 0-872), (ii) 0-55 (c, 0-874) [Found : N, (i) 15-0, (ii) 14-6%). 

(B) Methacrylamide (15-0 g.), dissolved in toluene (45 ml.), was polymerised under the conditions 
recorded for (A) with catalysis by 0-36 g. of benzoyl peroxide dissolved in 13 ml. of toluene and added 
in 10 portions during 3 hours; reaction was continued for a further $} hour. The polymer was washed 
and freed from solvent as above (11-8 g., 78%); it had [7], (i) 0-60 (c, 0-764), (ii) 0-61 (c, 0-899) [Found : 
N, (i) 14-8, (ii) 15-0%]. This polymer was dissolved in cold water and titrated with sodium 
hydroxide, with phenolphthalein as indicator; 1-000 g. required (i) 0-53, (ii) 0-55 ml. of 1-000N-sodium 
hydroxide for neutralisation. 

(C) Methacrylamide (15-0 g.), dissolved in toluene (38 ml.), was polymerised under the conditions 
recorded for (A) with catalysis by 0-38 g. of peroxide dissolved in 7 ml. of toluene and added in 6 portions 


during 3 hours; reaction was continued for a further } hour. The polymethacrylamide was washed and 


freed from solvent as for (A) (13-3 g., 89%); it had [m]- (i) 0-12 (c, 0-919), (ii) 0-12 (c, 0-919). 

(D) Methacrylamide (10-2 g.), dissolved in ethyl acetate (40 ml.), was polymerised under the 
conditions recorded for (A) but with the flask immersed in a water-bath at 85°. Polymerisation was 
catalysed by 0-51 g. of peroxide added in 4 portions during 20 hours. The polymer was washed (20-ml. 
portions of methylene chloride) and freed from solvent as for (A); 4-6 g. (45%) were obtained, [n], 0-09 
(c, 0-950). 

Polymethacrylamide has a strong tendency to retain solvents and is hygroscopic. Specimens for 
analyses and viscosity determinations were further heated at 110° for 1 hour at 12 mm. in the presence 
of phosphoric oxide; during this treatment a small quantity of monomer separated as a crystalline 
sublimate, m. p. 110—111°. 

Polymethacrylamide (preparation B), dried (P,O,) as above, was kept in a “ humidor’’ over 
saturated aqueous ammonium chloride solution (80% relative humidity) at 13—20° and increased in 
weight as follows : 


8 days 16 days 83 days 
27 29 26 25 


The polymer was dissolved in cold water and titrated with sodium hydroxide (phenolphthalein) ; 1-000 g. 
(dry) required (i) 0-47, (ii) 0-43 ml. of 1-000N-sodium hydroxide, indicating that there had been no 
hydrolysis under these humid conditions. 

To a solution of polymethacrylamide (preparation C, 1-00 g.) in 10-0 ml. of water were added with 
stirring, at 32°, 5-0 ml. of methyl alcohol. Polymer was precipitated; it was filtered off, dried (CaCl,) 
in a vacuum, and weighed 0-58 g. A similar experiment but with 10-0 ml. of methyl alcohol yielded 
0:79 g. of polymer. . These results indicate a method of fractionation. 

Method for Rates of Hydrolysis.—The amide (approximately 0-01 mole) was weighed into the tube 4 
(Fig. 2); the weights taken were: 


Expt. Weight, g. Expt. Amide. 
i iv Methacrylamide 
v  Polymethacrylamide (B) 
vi ” ” 
5 Ml. of water and 25 ml. of 2-30N-sodium hydroxide were then added from pipettes. Approximately 
75 g. of n/5-sulphuric acid were weighed into the trap B. The tube A was connected to the rest of the 
apparatus, and the rod C adjusted to touch the surface of the liquid in A; A was then immersed in an 
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oil-bath fitted with a stirrer and thermo-regulator and kept at 107° + 1°. Throughout the experiment 
a slow stream of nitrogen was passed through the apparatus. At intervals, measured from-the time of 
immersion in the oil-bath, 5 ml. of acid (5-02 g.) were 
Fic. 2. removed by pipette from B and titrated with n/4-sodium 
hydroxide, with methyl-red as indicator. At the end 
of the experiment, B and its contents were weighed as 
a check on evaporation from or distillation into B, and 
the net weight change was found to be very small. The 
temperature of the solution in A rose to 95° during the 
first 8 minutes after immersion of A in the oil-bath and 
remained thereafter at 97° + 2°. The temperature 
difference between the oil-bath and the solution in 4 
was due to the reflux of water between A and the anti- 
splash bulb. After 3 hours, the level of the solution 
in A had fallen slightly owing to evaporation, and 
sufficient water was added through D to restore contact 
between the surface of the solution and C. 

The various acid contents were calculated in ml. of 
1-000N-sulphuric acid; then we have: (millimoles of 
ammonia evolved at time #) = (initial acid content of 
B) — (sum of acid contents of portions withdrawn, for 
titration, up to #) — (acid content of B at 2). 

The results obtained for acetamide, methacrylamide 
monomer, and polymethacrylamide (preparation B) are 
plotted in Fig. 1. 

Polymer recovered from Hydrolysis.—Polymethacryl- 
amide (3-6 g.; preparation B) was dissolved in 24 ml. 
of water, and a solution of 6-8 g. sodium hydroxide in 
22 ml. of water was added. A coagulum was formed 
which soon dissolved; the solution (3-7N. in NaOH) 
was heated on a steam-bath for 2 hours. The clear 
solution was added, with washes, to 40 ml. of 5n-hydro- 
chloric acid, and the whole heated on a steam-bath, 
cooled in ice, and filtered. The precipitate was thrice 
washed by suspending it in water, heating on a steam- 
bath, cooling in ice, and filtering off, and then dried 
(CaCl,) ina vacuum. It weighed 2-7 g. [Found: N, (i) 4-8, (ii) 5-05%]. This polymer was dissolved in 
sodium hydroxide, and the solution neutralised to phenolphthalein with sulphuric acid, and it was found 
that 1-000 g. of polymer neutralised (i) 7-90, (ii) 7-86 ml. of 1-000N-sodium hydroxide. 
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579. Thermal Decomposition of Explosives in the Solid Phase. Part Il, 
The Delayed Explosion of Mercury Fulminate. 


By J. VauGHAN and L. PHILLIPs. 


The influence of various factors on the length of the induction period preceding explosion of 
mercury fulminate has been investigated within the temperature range 100—140°. Self- 
heating of the fulminate has been shown to be of major importance in the transition from 
thermal decomposition to explosion. The theoretical implications of the results are discussed. 


WHEN heated, mercury fulminate can undergo a delayed explosion. Lafitte and Patry (Compt. 
vend., 1931, 198, 173) noted this and carried out experiments in which small quantities of fulminate 
were dropped on the surface of mercury kept at a steady temperature. Within the temper- 
ature range 135—280° the induction period preceding explosion was found to decrease with 
increase in temperature; below 135° no explosion occurred. Those authors gave no details as 
to actual weights of fulminate taken and did not attempt an analysis of their results. Garner 
and Hailes (Proc. Roy. Soc., 1933, A, 189, 576) carried out more precise work on this phenomenon, 
using mainly single crystals contained in a platinum bucket under high vacuum, and their results 
were in general agreement with those of the earlier workers. Semenoff has pointed out 
(‘‘ Chemical Kinetics and Chain Reactions,” O.U.P., 1935, p. 428) that the phenomenon of 
delayed explosion occurs when the velocity of decomposition reaches a sufficiently high value 
during the period of self-acceleration. The effect has been observed for many explosives and in 
the cases of “ nitroglycerine’ and tetryl, for example, has been studied systematically by 
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Roginsky (Physikal. Z. Sowjetunion, 1932, 1, 640). Garner and Hailes’s results for mercury 
fulminate led to a fairly straight line when the logarithm of the induction period was plotted 
against the reciprocal of the absolute temperature. These authors used their results to determine 
the energy term and temperature-independent factor of the Arrhenius equation (cf. Roginsky, 
Joc. cit.); they stated that explosion occurred at the beginning of the reaction acceleration, and 
that the minimum temperature for explosion, under their conditions, was 105—115°. Also, they 
quoted durations of induction periods obtained in atmospheres of hydrogen and of helium; 
helium caused a slight increase, as compared with the time in vacuo, and a longer delay in the case 
of hydrogen was assumed to be caused by the smoothing out, by the hydrogen, of any local 
temperature differences within the crystal. The form of mercury fulminate in general industrial 
and military use is a mass of small crystals (loose or pressed into pellets) and the present paper 
describes an extension of the work on delayed explosion, to cover such material. More light has 
thereby been thrown on the réle of self-heating in the passing of thermal breakdown into explosion. 
Furthermore, it had been appreciated by Garner and Hailes that the value of the so-called 
“ignition temperature ” of fulminate would vary with the experimental conditions; the work 
described has yielded further information on the factors influencing this value for a mass of small 
fulminate crystals. 
EXPERIMENTAL. 


The mercury fulminate used was approved British Service material in the form of small crystals with 
a purity greater than 99-0%, and was dried in vacuo for a week before use. Induction periods preceding 
explosion were determined by two methods. 

(a) Sealed or open Pyrex-glass tubes (volume 1-2 ml., internal diameter #’’, external diameter }’’, 
length 1-5’’), containing loose fulminate, were placed in holes (diameter #,’’, depth 3’’) drilled concen- 
trically from the upper face of an electrically-heated, cyclindrical, steel block. The temperature of the 
block was controlled by a variable resistance and recorded by a Magee ne placed in one of the holes. 
The temperatures of the holes were checked for consistency, and the reading of the thermocouple was 
checked with a standardised thermometer before the start of each experiment. Even for an experiment 
lasting 5 hours the temperature could be maintained to within 0-2°. The glass tubes fitted loosely 
into the holes so that the apparatus approximated to an air-bath. For some experiments, however, 
Wood’s metal was used, as indicated, in the holes to constitute a metal-bath for the glass tubes. In all 
experiments the holes were lightly plugged with cotton wool. 

(6) In a cylindrical sand-bath five steel tubes, 5}’’ long by 14” internal diameter, were arranged 
concentrically. The tubes were open at their upper ends and the bath was surrounded by a jacket 
containing a suitable constant-boiling mixture of glycerol and water. The open end of each steel tube 
was plugged with cotton-wool and a pad of cotton-wool covered the bottom. Temperatures in the holes 
were consistent with each other and were constant to 0-2° for the duration of the longest experiment. 
Pressed fulminate pellets wrapped in cotton-wool, or loose fulminate in sealed Pyrex-glass tubes similarly 
wrapped, were placed inthetubes. Thecotton-wool plugs were replaced and the temperature was checked 
throughout the experiment by means of a thermometer in one of the steel tubes, kept free for that 
purpose. 

Initial experiments, designed to determine the induction periods preceding explosion, were divided 
into two series, concerned with fulminate in loose and in pellet form. In one series 0-2-g. lots of loose 
fulminate were heated in sealed glass tubes as in method (a). Four simultaneous determinations were 
carried out at each temperature. It was expected that the individual times to explosion would vary 
and that a larger number of determinations than four would be required to obtain a reliable estimate of 
the true time to explosion at a given temperature. The results in the range 116—140° were, however, 
consistent and the mean values should therefore be reliable. Results are given in Table I. Fig. 1 
shows that there is a linear relationship between the logarithm of the induction period and the reciprocal 
of the absolute temperature. The activation energy E, obtained from the equation log, = 
E/4-57T + log, B or from the slope of the graph, is 37-8 kcals. 


TABLE I. 


Temp. Time to explosion (mins.). Mean. Temp. Time to explosion (mins.). 
116° 235-5, 236, 236-5, 236-5 236 130° 37-08, 37-8, 39-2 

117-5 180-5, 183, 184, 185 183 135 22-0, 22-3, 22-67, 23-55 
120 131, 133, 133, 135 * 133 140 12-75, 12-77, 13-17, 13-17 
125 68-5, 70, 73, 78 72 


TaBLe II. 


Temp. Time to explosion (mins.). Mean. Temp. Time to explosion (mins.). 

100° 415, 420, 425 420 107° 185, 189, 195 190 
103 296, 300, 305 300 110 120, 123, 126 123 
105 233, 235, 241 236 115 74, 75, 76 75 


In the second series of experiments, pellets, each made by pressing 10 grains (0-648 g.) of mercury 
fulminate into a thin copper sheath under a load of 400 Ib./sq. in., were wrapped in cotton-wool and 
heated as in method (b). Three simultaneous determinations were carried out at each temperature, the 
Tange covered being 100—115°. Results are collected in Table II, and the linear relationship between 
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logyof (where # is the induction period) and 1/T where T = absolute temperature) is shown in Fig. } 
From the graph the energy of activation is 32-9 kcals. 

It was desired to detect, if possible, any actual self-heating before explosion and this was accomplished 
by means of a thin, calibrated thermocouple of copper—contra with junctions spot-welded. The “ hot” 
junction was placed in the centre of 0-2 g. of loose fulminate in a standard open Pyrex-glass tube, the 
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junction being held in place by a plug of cotton-wool. The heating-bath was that of method (a). 
Readings were taken at one-minute intervals until the self-heating effect became marked, when more 
frequent readings were taken. In these experiments the bath temperature was taken to be that 
registered by the thermocouple in the fulminate during the early stages of the experiment. Temperature- 
time curves for two runs are given in graphs A and B, Fig. 2, both graphs showing a preliminary period 
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during which the temperature of the fulminate remained at that of the heating bath. Then, as self-heating 
set in, the temperature began to rise, and the rise accelerated until the decomposition culminated in an 
explosion. The total recorded rise with 0-2 g. and a steady bath-temperature of about 129° was usually 
about 8°. In one experiment (graph A) with a slightly shorter induction period, explosion coincided 
with a flick of the galvanometer needle indicating a rise in temperature of 33°. Graph C, Fig. 2, shows 
the effect of removing the fulminate sample after 35-5 minutes, allowing it to cool for 7-5 minutes, and 
then replacing it in the heating block. Explosion occurred 6-5 minutes after replacement and the 
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rature—time curve shows no preliminary steady-temperature period. This indicates that Farmer’s 
assumption (J., 1922, 121, 174) of the production of a non-volatile catalyst is correct. 

Experiments were then carried out to determine the effect on the induction period of diluting the 
fulminate with materials not classed as detonants. Considerations of practical usefulness led to 
experiments being conducted on fulminate diluted with potassium chlorate and antimony trisulphide, in 
the mass ratios fulminate: potassium chlorate: antimony trisulphide = 3:3:2. The liquid-heated 
bath of method (b) was employed, and comparative experiments were carried out on fulminate and 
the mixture. The weight of each fulminate sample was 0-2 g. and the weight of mixture was 0-533 g., 
corresponding to 0-2 g. of fulminate. The samples were contained in standard, sealed Pyrex-glass tubes 
which were wrapped in cotton-wool, and the experiments were conducted in the apparatus of method 
(). Results given in Table III show that the induction period is considerably lengthened by dilution. 


TABLE III. 


Time to explosion (mins.). 
Temp. Hg(CNO),. Mixture. 
123° 80-0, 100-0 109-5, 127-5 
113 280-0, 298-0 348-0, 384-0 


The next step was to determine the effect of direct variation of thermal insulation on the induction 

iod of undiluted mercury fulminate. 0-2-G. samples of loose fulminate in standard, sealed Pyrex 
tubes were heated at 113° under two contrasting conditions of thermal insulation. In the first place the 
liquid-heated air-bath of method (b) was used. With two samples of fulminate the times to explosion 
were 280 and 298 minutes. Secondly, when the steel heating block was used at 113°, with the glass tubes 
immersed in Wood’s metal, the fulminate had not wy rey after 7-5 hours, and explosion could not be 
produced by raising the temperature of the heating block to 200°. When the second experiment was 
repeated, and the temperature raised to 120° after 6-5 hours’ heating, the samples gave audible evidence 
of final decomposition at 6 hours 40 minutes from commencement of experiment. In this repeat 
experiment none of the three samples underwent a true explosion. In two cases the final “‘ puffs "’ were 
just sufficient to break the glass tubes, but in the third case the tube was unbroken, being covered internally 
by a mirror of what appeared to be mercury. 

If self-heating exerted a major influence on the explosion of fulminate, it would be expected that for 
the same weight of pressed fulminate the shape of the pellet would affect the length of induction period. 
Thus, fulminate pressed into a sphere would be expected to give a shorter induction period than the same 
weight pressed under the same load into a narrow cylinder since dissipation of heat would be more rapid 
from the cylinder, a sphere having the lowest area : volume ratio. xperimental difficulties in shaping 
suitable pellets were too great to allow work to be carried out in this direction at the time. On the same 
theoretical basis, however, increasing the weight of fulminate and retaining essentially the same shape of 

let should lead to a reduction of the induction period owing to increased thermal protection of the 

Iminate in the interior. Experiments were carried out on fulminate pellets conforming roughly to the 
above conditions. 4-, 6-, 8-,and 10-Grain pellets were made under a load of 400 Ib. /sq. in. and the pellets’ 
containers, made of thin copper, were in the form of right cylinders of equal base area. Table IV 
summarises the experimental results, and shows that there is a marked decrease in induction period with 
increase in weight of fulminate. 


TaBLeE IV. 
Time to explosion (mins.). 
Temp. 6-Grain. 8-Grain. 


115° 120 —_ 
110° — 157 


DISCUSSION. 


From the experimental results given above it is clear that self-heating is a major factor 
influencing the transition of thermal decomposition to explosion in bulk mercury fulminate. 
Direct evidence has been obtained for this self-heating, and when conditions are chosen such that 
this heat is dissipated by dilution of the fulminate or by immersing the sample in a good conductor 
of heat the induction period can be markedly increased and in some circumstances explosion 
can be prevented. Further evidence for the important influence of self-heating has been 
obtained from experiments on similar fulminate pellets of different weight, increase in weight 
being accompanied by decrease in induction period. 

When the induction periods are measured at different temperatures, the same weights of 
fulminate being used, there is a linear relationship between the logarithm of the induction period 
and the reciprocal of the absolute temperature for both loose fulminate and pressed pellets. This 
relationship has been demonstrated by Garner and Hailes for single fulminate crystals and by 
other workers for initiating substances generally (e.g., Garner and Marke, J., 1936, 663; Garner 
and Gomm, J., 1931, 2123; Andreew, Physikal. Z. Sowjetunion, 1934, 5, 174). The energy of 
activation found for loose fulminate was 37°8 kcals. and for 10-grain fulminate pellets it was 
+ kcals. For single crystals of fulminate in vacuo Garner and Hailes obtained a value of 

2°2 kcals. 
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Comparison of the activation energies for loose and pressed fulminate demonstrates further 
the importance of self-heating. For instance, E for loose fulminate was larger than that for 
pressed fulminate, owing, it is considered, to greater heat dissipation from the former, ]t 
would appear, therefore, that ideal conditions for the maximum effect of self-heating would be in 
a single crystal. (In this connection, Garner and Hailes, loc. cit., have shown, in experiments on 
loose fulminate in vacuo, that ignition occurring in one crystal is not necessarily communicated 
to the whole mass.) Garner and Hailes have shown that self-heating of the crystal as a whole 
is improbable under their conditions, and Garner (Trans. Faraday Soc., 1938, 34, 986) is of the 
opinion that localised self-heating, over a few molecules only, is a pre-requisite of explosion. This 
is the basis of the theories proposed by Garner and Gomm (loc. cit.) and by Muraour (Compt, 
vend., 1932, 194, 280) as the most probable mechanism of explosion in initiating explosives 
generally. This theory stipulates localised self-heating over a few adjacent molecules, followed 
immediately by the explosive self-propagation of the reaction by chains. If such limited self- 
heating is alone sufficient to cause explosion, it is difficult to explain Garner and Hailes’s failure 
to bring crushed or ground fulminate to explosion in vacuo at 120°, and the failure in the present 
work to obtain explosion of loose fulminate heated in a Wood’s metal bath at 113°. In both series 
of experiments self-heating of the fulminate as a whole could be regarded as non-existent but, on 
the other hand, it is probable that marked localised self-heating does occur. Furthermore, 
although the lengthening of the induction period for single crystals obtained in hydrogen and in 
helium by Garner and Hailes could readily be explained by dissipation of heat from comparatively 
large areas in the crystal, yet the possibility of the dissipation of heat from self-heated areas the 
size of a few molecules inside the crystal is doubtful. (This argument applies to Garner and 
Hailes’s experiment in which the induction periods of single crystals were increased by covering 
them with an additional piece of platinum.) In this connection it is noteworthy that the ratio 
(1 : 1°13) of the induction periods obtained by Garner and Hailes in helium to those in hydrogen 
is approximately the same as the ratio (1 : 1°14) of the thermal conductivities of these gases. 

It therefore appears reasonable to conclude that theories of the explosion process in which the 
controlling factor is ‘‘ self-heating’ extending only over a few molecules of mercury fulminate are 
incorrect. The mechanism of the process can be envisaged as a decomposition initiated at surface 
nuclei, which spreads down crevices formed in the crystals as a result of strains set up by product 
molecules, until accumulation of the latter at the surface of these cracks sets up lateral strains 
and cracks when branching occurs (Prout and Tompkins, Trans. Faraday Soc., 1944, 40, 488; 
Vaughan and Phillips, following paper); this branching will be enhanced by the formation of 
autocatalytic decomposition products, and above a critical temperature it becomes so rapid that 
heat is produced faster that it can be dissipated, i.e., “‘ self-heating ”’ is set up over a relatively 
large area, whereupon the consequent acceleration of the reactions causes explosion. This view 
is comparable with that of Andreew (Physikal. Z. Sowjetunion, 1933, 4, 120), in which explosion 
is thought to occur when, at a critical temperature, the length of the ‘“‘ macro-chains ” causing 
decomposition becomes infinite, and is also in agreement with Semenoff’s theory of degenerate 
explosions (loc. cit.) whereby, in the absence of extensive self-heating, the velocity of decom- 
position reaches a peak and then falls off without attaining explosive speed. 

Finally, Roginsky (loc. cit., p. 687) has pointed out that, unless it is determined under standard 
conditions, the value of the “ ignition temperature,” for explosives generally, loses its meaning 
because variable conditions may lead to variation in factors influencing this value. In the case 
of bulk mercury fulminate it is clear that the ignition temperature will depend on the amount 
of fulminate taken and on the conditions for thermal insulation and heat transfer. This helps 
to explain the great variation in some published values for the minimum temperature of explosion 
for a mass of small fulminate crystals, ¢.g., 190° (Wohler and Metter, Z. Schiess. Sprengst., 1907, 
2, 204), 130° (Hoitsema, Z. physikal. Chem., 1896, 21, 147). Garner has shown that the value 
for a single crystal of fulminate depends upon the purity, size, and crystal form. These factors 
would be expected to hold in the case of bulk fulminate. 
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580. Thermal Decomposition of Explosives in the Solid Phase. Part 
III. The Kinetics of Thermal Decomposition of Mercury Fulminate 


in a Vacuum. . 
By J. VauGHAN and L. PHILIps. 


The kinetics of thermal decomposition, in a vacuum, of bulk mercury fulminate have been 
studied between 70° and 100°. Advances have been made in the interpretation of the 
decomposition curves; the course of breakdown has been almost completely described by 
mathematical equations. The results are in accord with the general theory of solid-phase 
decomposition put forward by Prout and Tompkins (Trans. Faraday Soc., 1944, 40, 488). It 
is shown that certain anomalous results previously obtained can be explained on the basis of 
self-heating of the fulminate. 


WueENn heated slowly, mercury fulminate can be made to decompose without explosion. The 
first attempt at a comprehensive study of the decomposition was made by Farmer (J., 1922, 
121, 174), who caused mercury fulminate to decompose initially in a vacuum using the vacuum 
stability apparatus which had been developed by him (/., 1920, 117, 1432, 1603) for use in 
assessing the thermal stability of certain high explosives. His experiments were carried out 
mainly at 80°. Sigmoid gas-evolution—-time curves were obtained after an initial quiescent 
period, and the gas evolved was mainly carbon dioxide. Farmer concluded that the acceleration 
of decomposition, noted after the initial quiescent period, was due to a solid autocatalyst. 
Although he provided valuable data, he did not attempt complete mathematical interpretation 
of his gas-volume-time curves. The most complete investigation published on the 
decomposition of mercury fulminate is that of Garner and Hailes (Proc. Roy. Soc., 1933, A, 
139, 576) and a summary of much of this work, with additional remarks on the breakdown, is 
included in a paper by Garner, Gomm, and Hailes (J., 1933, 1393). Garner and Hailes worked 
with single crystals of known surface area. Experiments were conducted within the temperature 
range 100—120°, and decomposition took place in a platinum bucket under high vacuum. 
Many of Farmer’s results were confirmed and a number of important advances were made in the 
interpretation of the decomposition. 

One of the characteristics of this thermal decomposition is that it takes place without the 
incidence of partial melting. Work carried out on the kinetics and mechanisms of this type of 
solid-phase decomposition has been briefly mentioned in Part I (J., 1947, 1562). Prout and 
Tompkins (loc. cit.) have proposed a theory of solid-phase decomposition which appears more 
complete than Garner’s, and they derived mathematical relationships which should describe 
the decomposition curve almost completely. The salient features of the theory seemed 
applicable to the decomposition of mercury fulminate, and these authors noted that two of 
their derived equations appeared to hold for one of Garner’s pressure—time curves for fulminate. 
The present paper covers work on the thermal breakdown of masses of small crystals, covering 
a temperature range of 70—100°. A more complete interpretation of the reaction curves has 
been obtained in the light of the theory of Prout and Tompkins, and the data on self-heating, 
obtained in Part II, have aided the interpretation of the results of kinetic work. 


EXPERIMENTAL, 


The apparatus used for following the thermal decomposition was essentially that of Farmer (J., 1920, 
117, 1432). Analyses of the gaseous products were carried out by the methods described in Part I 
(loc. cit.). It was found that by using 0-2 g. of fulminate the complete decomposition could be followed 
without re-evacuation of the apparatus; for studying the early stages of the breakdown 0-8 g. could 
be used without the necessity for re-evacuation. In all experiments at any one temperature the results 
were found to be quite reproducible. No indication of incipient melting was observed during the 
decomposition, and although no change in crystal form was detected after complete breakdown the 
average size of the residual brown particles indicated that disintegration had taken place. Typical 
gas-volume-time curves are given in Figs. 1 and 2. They confirm the presence of an initia] quiescent 
period which is followed by a sigmoid volume-time curve. The total volume of gas evolved on complete 
decomposition was about 49 ml. per g: of fulminate. 20% Additions of the solid residue shortened the 
induction period considerably, but re-evacuation of a reaction tube at different stages to remove gaseous 
breakdown products, followed by continuation of the experiment, did not affect,the progress of the 
reaction. 

Composition, %, of gaseous products at 100°. 
ca. 40% Decomposition. “‘ Total ’’ decomposition. 
1-0 0-7 
5 4: 
92- 93- 
1- 1- 
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Analysis of the gaseous products obtained revealed no considerable variation in their composition 
Typical analyses are given in the table at the bottom of the previous page. j 
The major portion of the sigmoid decomposition curve was satisfied by two equations of the form 
log u/(vuy — v) = kt +e + Masenciee . (I) 
where v = volume of gaseous products at time ¢, vy = final volume of gas evolved, and k and ¢ are 
constants. As would be expected if Prout and Tompkins’s theory were applicable, obedience to this 
type of equation is peculiar in that a plot of log v/(vs — v) against time resulted in two straight lines 
inclined at an angle (Figs. 1 and 2), t.e., different values of k and c applied in the two cases. This 


Fic. 1, at 74-9°. Fic. 2, at 94-3°. 
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Thermal decomposition of 0-2 g. of mercury fulminate. 


ae equation applied throughout the temperature range studied and held, with some variation 
rom test to test, from about 10% decomposition until the final stages of the decay period. Letting &, 
represent the velocity constant applicable up to the inflexion point, and k, the corresponding constant 
for the decay portion of the curve, it was found that for k, excellent agreement could be obtained for all 
temperatures within the range studied. For k,, results were usually in agreement, but at the higher 
temperatures it was not unusual to find that values obtained in two tests at the same temperature were 
quite different; these occasional large variations in the values of k, are not considered to be due to 


experimental error and are discussed later. Values of k, and &, are collected in the accompanying 
table : 


Temp. 10%, (sec.~). 10%, (sec.*). Temp. 10*k, (sec.-). 10®R, (sec.-). 


70-0° 4-15, 3-86, 3-90, 3-95 8-71, 9-69, 9-31, 9-55 89-5° 32-7, 34-7 86-2, 105 

74-9 6-74, 6-59, 6-40, 7-05 15-8, 16-3, 14-5, 16-5 95-2 53-4, 54-1 116, 106 
11-2, 12-6, 10-4, 12-6 33-2, 32-4, 36-6, 39-1 100-1 88-7,.89-1 198, 289 
19-4 


, 20-8, 19-6 58-4, 58-4, 97-0 


79-5 
85-5 


Fic. 3, at 79-9°. Fic. 4, at 98-5°. 
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Time, hours. 
Thermal decomposition of 0-8g. of mercury fulminate. 
During the early stages of the reaction, up to 10—20% decomposition, the breakdown was found to 
obey an equation essentially the same as one derived by Prout and Tompkins (loc. cit.), i.e. 
‘ logu=fi+c... . & 


and Figs. 3 and 4 show this concordance. This equation was found to hold from shortly after the end 
of the induction period and, within the range covered by this equation, the relation 
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similar to that derived by Garner and Hailes (Joc. cit.) was found to apply (Figs. 3 and 4). Values of & 
and &! are given in the table below, and are mainly for tests at temperatures of 90° or below, because 
the use of 0-8-g. samples for their determinations introduced a danger of explosion at higher temperatures. 


Temp. 10% (sec.-). 10%k? (sec.-). Temp. 10% (sec.“). 10*! (sec.“). 
70-0° 9-80, 9-70 8-89 84-5° 32-3, 36-2 29-7, 44-4 


75:3 16-0, 12-3 17-3, 13-3 89-9 51-8, 67-0 70-5, 57-1 
79-9 23-2, 24-3 29-1, 26-9 98-5 152, 155 157, 148 


It was found that, in general, equation (3) held for a smaller portion of the curve than did equation (2). 
The Arrhenius equation connecting velocity constant with temperature 


k = Be~Z/RT or logik = —E/4-57T + logB 

(where & = velocity constant, R = gas constant, T = absolute temperature, and E and B are constants) 
was then applied for values of k, ks, k,, and &. In the case of &, it is assumed (see p. 2744) that the 
higher values at 85° and 100° were the results of self-heating and only the low values of &, at these 
temperatures were used. The four straight lines obtained are shown in Figs. 5 and 6, and the slopes 
of these lines gave values of E which were in good agreement : 

Velocity constant ks ky ki 

E (kcals. per mole) 26-0 25-3 25-2 


When values of k, ks, k,, and k! were substituted in the Arrhenius equation, values for log,,B of 10-8, 
11-2, 11-1, and 11-0, respectively, were obtained. The dependence of each k on temperature was very 


Fic. 5. Fic. 6. 
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Thermal decomposition of mercury fulminate : dependence of k, k', ks, k,, upon absolute temperature. 
O=k. A=k. O=k,. 


similar, and from Figs. 5 and 6, the decomposition of mercury fulminate between 70° and 100° is subject 
to a temperature coefficient of 2-8 per 10°. 
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DIscussION. 


The results of the work described above confirm that (a) the decomposition curves are 
§-shaped preceded by a pronounced quiescent period, (b) the solid end-products exert some 
catalytic influence on the breakdown but the normal rate of decomposition is not affected by 
the gaseous products of reaction. 

The value of 49 ml. of gas evolved per g. of fulminate found compares with values of 45 ml. 
obtained by Farmer (1922, Joc. cit.), ca. 54 ml. by Garner and Hailes, and 52 ml. by Narayana 
(Current Sci., 1944, 18, 313). The temperature coefficient for the reaction of 1°11 per degree is 
in agreement with Farmer’s value of 1:12—1°13. Analyses of the evolved gases showed that 
approximately 93% was carbon dioxide and of the remainder ca. 5% was nitrogen. Narayana 
(loc. cit.) stated that the evolved gases consisted entirely of carbon dioxide and monoxide in 
the ratio 3:1. This is not in agreement with present results or with Farmer’s qualitative 
findings. The oxygen content of the gases was 62—63% of the available oxygen in mercury 
fulminate; this agrees with the observations by Garner and Hailes. Comparison of the gases 
evolved at 40% and 100% decomposition shows no appreciable variation in composition. 
This indicates that the nature of the decomposition remains essentially the same throughout, 
and this finds confirmation in the fact that the values of the activation energy E, determined by 
application of the Arrhenius equation to values of k, ks, ky, and k1, are in good agreement. 
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The four equations fitting various portions of the breakdown curve cover almost the whole 
of the decomposition, with the exception of the early quiescent period which, in accordance 
with the theory of Prout and Tompkins, should at first approximate to a linear reaction. [t¢ 
has been found that, within the acceleration period governed by equation (2), equation (3), 
essentially the same as one derived by Garner, holds and gives values of k' similar to that of &. 
The conformity to these two equations and the similarity between the values of the two 
constants were noted by Garner, Gomm, and Hailes (loc. cit.), who found that equation (3) was 
more reliable between 100° and 115°. Inspection of the two equations shows that equation 
(3) is a differentiated form of (2), and agreement between the constants is, therefore, to be 
expected, but in the present work it has been noted that, at temperatures below 100°, equation 
(2) generally holds for a longer period than equation (3). 

Since Prout and Tompkins’s mathematical equations have, in the present investigation, 
been shown to apply to the breakdown of fulminate, it is feasible that the mechanism of 
decomposition envisaged by these authors should also hold. Thus, although the shape of the 
crystals appears to be retained during breakdown, the unit cell of the product molecules is 
probably different from that of the fulminate, thereby fulfilling a condition productive of 
planes of strain. Furthermore, the catalytic effect of the end-products will tend to enhance 
the strains created in the crystal, with consequent cracking and disintegration of it. It has 
been noted in the present work that considerable disintegration of the crystals occurs during 
decomposition. 

At any one temperature the values of k and ks, holding until the approach of the inflexion 
point, are consistent throughout the temperature range studied and show obedience to 
the Arrhenius law. In the case of ky, applicable during the decay period, it has been pointed 
out that some variation was obtained at higher temperatures and, in extreme cases, it was only 
when the lower values of k, were taken that the Arrhenius equation was obeyed satisfactorily, 
There seems to be a ready explanation of this effect. As was shown in Part II (loc. cit.), the 
thermal decomposition of mercury fulminate is accompanied by self-heating, but this would 
not be expected to become extensive during the earlier stages of the breakdown; hence, values 
of k and k, would not be appreciably influenced by this effect at lower temperatures. With 
the approach of the inflexion point the extent to which self-heating develops should influence 
the kinetics of the final decay period. As an extreme example it has been demonstrated 
(Part II) that at 113°, with good thermal insulation, 0°2 g. of fulminate in a sealed glass tube 
will explode, but if the heat developed is dissipated, by surrounding the tube with Wood’s 
metal, explosion can be prevented. High values of k, obtained at the higher of the temperatures 
involved in the present experiments can be accounted for by the presence of the self-heating 
effect and, since this effect should diminish with decrease in temperature of experiment, 
consistent values of k, at low temperatures can be expected. Such consistent values were 
in fact obtained when the temperature was below 80°. 

These considerations of the self-heating effect seem to have a bearing on certain other results 
obtained by Garner and Hailes. These investigators found that the period of decay was fairly 
well accounted for by an equation for unimolecular breakdown. Whilst the present work was 
being carried out it was observed that Garner and Hailes’s decay constants showed an appreciable 
deviation from the Arrhenius equation. Furthermore, those authors had noted that the 
temperature coefficient was appreciably greater for their decay constants than for their 
acceleration constants; this would seem to indicate that the apparent activation energy was 
greater for the ‘‘ decay”’ than for the “‘ acceleration’ portion of the decomposition curve. 
Now this difference can be accounted for either on the basis of self-heating during the decay 
period or by the onset of a different reaction. It has been shown in the present investigation 
that in the temperature range 70—100° the reactions in the thermal decomposition of fulminate 
are essentially the same throughout the breakdown. It appears, therefore, that the high 
temperature coefficient of the decay constant observed by Garner and Hailes must be ascribed 
to self-heating. This self-heating would become progressively greater with increasing 
temperature and cause localised increases in temperature. The values of the velocity constant 
would, therefore, show corresponding increases, resulting in a greater temperature coefficient. 
In addition, any variations in the self-heating effect might explain the fact that Garner’s decay 
constants show deviation from the Arrhenius equation, a deviation noted occasionally in the 
present experiments, when carried out at temperatures approaching the range covered by the 
experiments of Garner and Hailes. 

Finally, it may also be pointed out that, with increase in temperature, self-heating should 
begin to be effective at progressively earlier stages in the decomposition; this is in line with 
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the observation, made by Garner and Hailes in reporting their results on the delayed explosion 
of fulminate at temperatures well above 100°, that explosion seemed to occur in the early part 
of the acceleration period. 


The authors wish to express their thanks to the Chief Scientist, Ministry of Supply, for permission 
to publish the results contained in this and the preceding paper, which were obtained in the Armament 
Research Department of the Ministry in 1943—45. 
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581. Toxic Fluorine Compounds Containing the C-F Link. Part VII. 
Evidence for the B-Oxidation of w-Fluoro-carboxylic Acids in vivo. 


By F. L. M. Pattison and B. C. SAUNDERs. 


The highly toxic y-fluorobutyric acid has been “blocked” in the B-position as in ethyl 
y-fluoro-BB-dimethylbutyrate (1) and in a- and f-positions as in methyl 2-fiuoromethyl-3 : 6-endo- 
methylene-A‘-tetrahydrobenzoate (IV) and in the related compounds (II, III, and V). The 
non-toxicity of these new fluoro-compounds affords additional support for B-oxidation of w- 
fluoro-carboxylic acids in vivo (cf. Part VI). 


In Part VI (this vol., p. 1461) we showed that there was a striking alternation in the physiological 
properties of w-fluoro-carboxylic esters of the general formula F*[(CH,],*CO,R. Thus when n 
was an odd number the compound was highly toxic to animals, whereas when was even the 
compound was non-toxic. All the toxic compounds were powerful convulsant poisons and 
showed symptoms of the “ fluoroacetate” type (Part I, J., 1948, 1773). These results were 
discussed from the point of view of degradation in the animal body, and the conclusion drawn 
was that, while several factors were involved, the major chemical change concerned was un- 
doubtedly B-oxidation. 

We then sought an independent method of proving the 8-oxidation theory. This consisted 
in synthesising w-fluoro-compounds which contained the “ skeleton ’’ of the toxic members, 
but which could not undergo $-oxidation in the body. If these new compounds were toxic, 
the 8-oxidation theory would have to be abandoned, whereas if they were non-toxic compared 
with the “ parent-acid ’’, then excellent support, of a kind hitherto not considered, would be 
obtained. 

Structurally, the prevention of f-oxidation was achieved by two means: (a) side-chain 
inhibition and (b) ring inhibition. (a) The 8-oxidation of the highly toxic ethyl y-fluorobutyrate 
could presumably be stopped by effectively ‘‘ blocking ” the 8-position in the chain. A simple 
compound satisfying this condition was ethyl y-fluoro-BB-dimethylbutyrate, CH,F*CMe,*CH,*CO,Et 
(I), which was found to be entirely devoid of toxic properties. (b) The a- and $-carbon atoms 
of methyl y-fluorobutyrate were “fixed ’’ by making them part of a ring system. It was 
considered most unlikely that the animal body could degrade such compounds by a process 
of §-oxidation. The following compounds in this class were synthesised and found to be non- 
toxic: methyl 2-fluoromethyl-4 : 5-dimethyl-A‘-tetrahydrobenzoate (II), methyl 2-fluoromethyl- 
4: 5-dimethylhexahydrobenzoate (III), methyl 2-fluoromethyl-3 : 6-endomethylene-A‘-tetrahydro- 
benzoate (IV), and methyl 2-fluoromethyl-3 : 6-endomethylene hexahydrobenzoate (V). 

One further compound should be mentioned in this connexion, namely p-fluorophenylacetic 
acid (VI), which has the carbon “ skeleton” of the highly toxic 5-fluoropentanecarboxylic 

CH=CH. CH,—CH H,—CH 
FCK NC-CHCOH FH’ " ~ "\cHyCHyCO,H PHC, * ~"*ScH-CHy'CO,H 
NcH—cH7 CH,—CH, 
(VI.) (VII.) (VIII.) 


acid (VII). It seemed unlikely that (VI) could be broken down in vivo to fluoroacetic acid, and 
as expected it was non-toxic. It should be mentioned, however, that aromatic compounds 
are capable of certain types of oxidative breakdown in the animal body. Jaffé, for example 
(Z. physiol. Chem., 1909, 62, 58), isolated small quantities of muconic acid from the urine of 
dogs and rabbits which had received considerable quantities of benzene. 

Synthetic Methods.—88-Dimethylglutaric acid (prepared from mesityl oxide) was converted 
into the disilver salt, which, by an improvement of the method of Windaus and Klanhardt 
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(Ber., 1921, 54, B, 581), was converted into 6$-dimethyl-y-butyrolactone. The latter on 
treatment with constant-boiling hydrobromic and sulphuric acid gave y-bromo-8{-dimethyl- 
butyric acid which readily gave its ethyl ester. The pure fluoro-ester was obtained from this by 
heating with silver fluoride, although the yield was low. 

The synthesis of (II), (III), (IV), and (V) from methyl y-fluorocrotonate was accomplished 
according to the annexed scheme. Methyl] y-fluorocrotonate had previously been prepared, 
and was reported by Kharasch and his co-workers (private communication) to be a highly 
toxic compound. It possesses the carbon structure of methyl y-fluorobutyrate, and the 
double bond in the «$-position would undoubtedly facilitate oxidation. The American workers 


CH,F-CH:CH-CO,Me 
CH,:CMe-CMeCH, | cyclopentadiene 
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prepared methyl y-fluorocrotonate by an ingenious five-stage process from epifluorohydrin, 
For the above synthesis we prepared it by the fluorination of methyl y-bromocrotonate using 
silver fluoride. The bromo-ester was obtained (1) from methyl crotonate by means of N- 
bromosuccinimide (Zeigler, Annalen, 1942, 551, 103) and (2) by the addition of bromine to 
methyl vinylacetate and the subsequent removal of hydrogen bromide with sodium ethoxide 
(Glattfeld and Rietz, J. Amer. Chem. Soc., 1940, 62, 976). 

The Diels-Alder additions of methyl y-fluorocrotonate to 2: 3-dimethylbuta-1 : 3-diene 
and cyclopentadiene were effected by heating the reactants in sealed tubes at 110—120° for 
about 3 hours. The reduction of the unsaturated products (II and IV) was carried out at 
room temperature, with palladium as catalyst. In both cases the theoretical quantity of 
hydrogen was absorbed, although the hydrogenation of the dimethyl derivative was much 
slower than that of the endomethylene compound. 

p-Fluorophenylacetic acid had been obtained by Dippy and Williams (jJ., 1934, 1466) 
by a rather laborious process. We have now prepared it by an alternative and much im- 
proved method from #-fluorotoluene. This was treated with sulphuryl chloride and a trace 
of peroxide giving p-fluorobenzyl chloride, thus providing a further example of the free-radical 
chlorination process first described by Kharasch and Brown (J: Amer. Chem. Soc., 1939, 61, 
2142). The chloride was then converted into the cyanide and thence into the free acid. 
p-Fluorophenylacetic acid was hydrogenated, in the presence of Raney nickel, under varying 
conditions in alcohol, in a high-pressure hydrogenator, in an attempt to prepare 4-fluorocyclo- 
hexylacetic acid (VIII). This compound bears an even closer resemblance to 5-fluoropentane- 
carboxylic acid than does p-fluorophenylacetic acid. The reduction of the aromatic nucleus 
could not, however, be effected without the loss of the fluorine atom. Either p-fluorophenyl- 
acetic acid was recovered unchanged or cyclohexylacetic acid was formed. Experiment 3 
(Experimental) is of particular interest: the conditions were clearly the most favourable for 
producing the required fluoro-compound, since a mixture of equal parts of the unchanged 
aromatic compound and fully reduced defluorinated product was obtained, yet no trace of 
ethyl 4-fluorocyclohexyl acetate was detected. 


EXPERIMENTAL. 


Silver BB-Dimethylglutarate.—fB-Dimethylglutaric acid (120 g., 0-75 mol.) was added to water (300 
c.c.), and the mixture was made just alkaline to phenolphthalein using 30% sodium hydroxide solution 
and then just acid with dilute nitric acid. A slight excess of aqueous ammonia was added and the 
mixture was then boiled until the steam no longer turned red litmus blue. The neutral glutarate 
solution was diluted to 2 1., and silver nitrate solution (300 g., 1-8 mols. ; in 500 c.c. of water) was slowly 


| em | 


~~ ae = 


— see Oo 2 oe 4 6 © © &} Se Et’ 


he eet te ee ae ee 





[1949] Containing the C-F Link. Part VII. 2747 


added with constant shaking. The dense, colourless precipitate was filtered, washed several times with 
water, and drained for 3—4 hours. It was dried by heating in an evaporating-basin for 12 hours on 
a boiling water-bath, and then by storage over phosphoric oxide im vacuo in the dark for 24 hours. It 
was thus obtained as a faintly-brown crystalline mass (270 g., 96%; overall yield from mesityl oxide, 
15%) (Found : C, 23-0; H, 3-0. Calc. for C,H,,O,Ag,: C, 22-5; H, 2-7%). 

pp-Dimethyl-y-butyrolactone.—Silver Bf-dimethylglutarate (70 g., 0-19 mol.) and fine sand (240 g.) 
were intimately ground in a mortar, and then iodine (56 g., 0-44 atom) was added and thoroughly mixed 
in. The mixture was then slowly heated in a flask immersed in an oil-bath, with constant shaking. 
At 100° a reaction started with a steady evolution of iodine vapour. When this reaction had subsided, 
the flask was heated at 150° for 14 hours. After cooling, the mixture was thoroughly extracted with 
ether until the extracting liquid was free from iodine. The extract was then washed twice with a solution 
of potassium carbonate (200 g.), sodium sulphite (50 g.), and potassium hydroxide (5 g.) in water (250 
c.c.). The colourless anhydrous layer was finally washed with water and dried (K,CO,). After removal 
of the ether, the residue was usually still contaminated with iodine. Further quantities of silver 
pp-dimethylglutarate (making a total of 270 g.) were treated in a similar manner. he several residues 
were then dissolved in a small quantity of ether and washed twice with aqueous sodium hydrogen 
sulphite and finally water before drying (K,CO,). On distillation under reduced pressure, a colourless 
liquid was collected which solidified to a resinous mass. B. p. 79-3°/10 mm. M. Pp: 57-5°. Yield, 

. (425% based on the silver salt used) (Found: C, 62-7; H, 8-9. Calc. for CgH,.O,: C, 63-1; 
H, 88%). : 

aes of BB-dimethylglutaric acid from the above degradation. The alkaline washings were neutralised 
with concentrated hydrochloric acid, evaporated to about half bulk, cooled, and exhaustively extracted 
with ether. The extract was washed with water, dried, and distilled. The residue, on cooling, 
solidified. It was slightly brown and was therefore recrystallised twice from benzene (charcoal). 
Colourless crystals were obtained, having m. p. 101°. M. f. of equal mixture of original acid and 
recovered acid, 100°. Yield, 39 g. (34% based on silver B8-dimethylglutarate used) (Found: C, 52-5; 
H, 7-48. Calc. for C,H,,0,: C, 52-5; H, 7-5%). 

The degradation of silver BB-dimethylglutarate thus yields £8-dimethyl-y-butyrolactone in 42-5% 
yield, while 34% of the silver salt is converted into the parent acid, which can be used again. 

y-Bromo-BB-dimethylbutyric Acid.—To a cooled mixture of constant-boiling hydrobromic acid (600 g., 
3-6 mols.) and concentrated sulphuric acid (140 c.c.) was added Bf-dimethyl-y-butyrolactone (35 g., 
0-31 mol.). This was set aside overnight and was then heated on a boiling water-bath for 104 hours. 
The product was cooled and diluted to about 4 1., whereupon the bromo-acid separated as a brown oil. 
This was extracted 3 times with ether, the extract dried (Na,SO,), and the ether removed. The residue 
was redissolved in a small quantity of ether and shaken twice with sodium thiosulphate solution and 
then water before drying again. After removal of the ether, the residue was fractionated. Some 
unchanged lactone came over first (b. p. 80—82°/11 mm.; 3-5 g.), and y-bromo-BB-dimethylbutyric acid 
distilled as a colourless liquid, b. p. 127°/12 mm. (10 g., 18-5%) [Found: C, 36-92; H, 5-9; Br, 41-4 


(Stepanov). pao med requires C, 37-0; H, 5-7; Br, 41-0%]. It was essential to isolate the bromo- 


acid in a pure condition before esterification, because the b. p. of the ethyl ester (95°/12 mm.) is close 
to that of the unchanged lactone, making subsequent purification difficult. 

Ethyl y-Bromo-BB-dimethylbutyrate—A mixture of the bromo-acid (23 g., 0-12 mol.), ethyl alcohol 
(40 c.c.), and concentrated sulphuric acid (4 c.c.) was heated under reflux in an oil-bath at 120° for 1-3 
hours. On cooling, the mixture was diluted and thoroughly extracted with ether. After drying 
(Na,SO,) and removal of the ether, ethyl y-bromo-BB-dimethylbutyrate (20-3 g., 77%) distilled at 95— 
97°/12 mm. (Found: Br, 35-6. C,H,,0O,Br requires Br, 35-9%). It possessed an odour almost 
identical with that of its isomer, ethyl 5-bromopentanecarboxylate. 

Ethyl y-Fluoro-BB-dimethylbutyrate——Four portions of ethyl y-bromo-ff-dimethylbutyrate (5 g., 
0-03 mol.) were fluorinated at 75—80° with silver fluoride (10 g., 0-08 mol.) for 15 minutes. The product 
was extracted with ether, filtered, washed with water, and dried. After removal of the ether, the 
tesidue was fractionated and the liquid of b. p..<80°/13 mm. was collected as the crude fluoro-ester. 
In every case, some bromo-ester was recovered and this was refluorinated. The yield of crude fluoro- 
ester was low (1-1 g., 7°5%). Purification by standard macro-methods was therefore impossible, and 
the micro-method of distillation described in Part VI of this series (this vol., p. 1461) was employed. 
The crude fluoro-ester was distilled at 13 mm. By slowly heating the oil-bath, in which was immersed 
the bulb of the flask, a fraction was collected at the oil-bath temperature of 85—95°. This fraction 
was redistilled, yielding samples at oil-bath temperatures of (a) 85—90° and (b) 90—95°. The latter 
sample was found to be pure ethyl y-fluoro-BB-dimethylbutyrate, a colourless liquid, b. p. ca. 80°/13 mm. 
(by deduction from oil-bath temperature), 193°/762 mm. (by the method of Emich, Monatsh., 1917, 
88, 219) (Found: C, 59-7; H, 9-03. C,H,,0,F requires C, 59:3; H, 9-3%), having a smell almost 
identical with that of its isomer, ethyl 5-fluoropentanecarboxylate. 

Methyl y-Fluorocrotonate.—Methyl y-bromocrotonate (10 g., 0-056 mol.) and silver fluoride (10 g., 
0-08 mol.) were mixed thoroughly and then heated gently under reflux until a vigorous reaction occurred 
with evolution of hydrogen fluoride. The product was cooled and extracted with ether, and the ethereal 
extracts were washed with water and dried (Na,SO,). After removal of the ether, the residue yielded 
a small fraction of crude methyl y-fluorocrotonate, b. p. 47°/16 mm., and then unchanged bromo-ester. 
This fluorination was repeated several times, the recovered bromo-ester being used in eachcase. Yield : 
2-5 g. of crude fluoro-ester from 18-5 g. of pure methyl y-bromocrotonate. The fluoro-ester was redistilled, 
and the colourless, pleasant-smelling rors of b. p. 46°/16 mm. was collected, (2-1 g., 17%) (Found: 
C, 50-5; H, 6-3; F, 16-6. Calc. forC,H,O,F: C, 50-8; H, 5-9; F, 16-2%). Care is needed in handling 
this material on account of its very high toxicity. 

Methyl 2-Fluoromethyl-3 : 6-endomethylene-A‘-tetrahydrobenzoate.—Dicyclopentadiene was mono- 
merised by slow distillation through a long column. It was then redistilled immediately before use. 
cycloPentadiene (3-5 g., 0-053 mol.) and methyl y-fluorocrotonate (5 g., 0-043 mol.) were carefully sealed 
in a thick-walled Carius tube, and then heated in an oil-bath at 110° for 4 hours. After cooling, the 
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tube was opened and the contents were directly distilled. A small quantity of unchanged methyl 
y-fluorocrotonate distilled, and then the remainder of the liquid at 103—104°/13 mm. as a viscous liquid 
with a pleasant odour. After refractionation, the tetrahydrobenzoate distilled at 103°/13 mm. 

54% based on cyclopentadiene, 64% based on methyl y-fluorocrotonate) (Found: C, 64-9; H 

F, 10-4. Cy, 9H,,;0,F requires C, 65-2; H, 7-1; F, 10:3%)- 

Methyl 2-Fluoromethyl-3 : 6-endomethylenchexahydrobenzoate.—Methyl 2-fluoromethyl-3 : 6-endo- 
methylene-A‘-tetrahydrobenzoate was hydrogenated at room temperature and atmospheric pressure 
with palladium as catalyst. Palladium oxide catalyst (300 mg.), suspended in absolute alcohol (20 c.c.) 
was reduced in the hydrogenation apparatus. When the uptake of hydrogen had ceased, the tetra. 
hydrobenzoate (2-18 g.), dissolved in absolute alcohol (50 c.c.), was introduced into the flask and the 
rate of absorption of hydrogen was noted. The addition was complete in 30 minutes : 


1-5 2-5 5:5 75 13 20 30 
84 134 274 279 284 287 288 


2-18 G. of the tetrahydrobenzoate require 288-5 c.c. at 24°/760 mm. The product was filtered, the 
ethyl alcohol removed, and the residue fractionated. The hexahydrobenzoate was obtained as a colourless 
leasant-smelling liquid of b. p. 107°/15 mm. (1-5 g., 69%) (Found: C, 64-8; H, 8-2. C..H,,0O,F requires 
, 64-5; H, 81%). Bromine-water and potassium permanganate were not decolorised. The compound 
contained fluorine, but a quantitative determination was not carried out, since the theoretical figure 
was very similar to that of the tetrahydrobenzoate. 

Methyl 2-Fluoromethyl-4 : 5-dimethyl-A‘-tetrahydrobenzoate.—Methyl y-fluorocrotonate (5 g., 0-043 
mol.) and 2: 3-dimethylbuta-1 : 3-diene (3-5 g., 0-043 mol.) were sealed in a thick-walled Carius tube 
and heated in an oil-bath at 110—120° for 7 hours. The product was distilled : the dimethylbutadiene 
was removed as a gas under reduced pressure, a small amount of methyl fluorocrotonate was recovered, 
and finally methyl 2-fluoromethyl-4 : 5-dimethyl-A‘-tetrahydrobenzoate, b. p. 122°/15 mm., was collected 
as a colourless, pleasant-smelling liquid. This redistilled at 121°/13 mm. (2 g., 24%). The compound 
contained fluorine (Found: C, 65-6; H, 8-7. C,,H,,0O,F requires C, 66-0; H, 85%). 

Methyl 2-Fluoromethyl-4 : 5-dimethylhexahydrobenzoate.—The foregoing compound was hydrogenated 
at room temperature and atmospheric pressure with palladium as catalyst. The reaction was carried 
out as described for the 3 : 6-endomethylene compound, but 1 g. of unsaturated ester was used, with a 
correspondingly reduced amount of palladium oxide. The uptake of hydrogen was very much slower, 
possibly owing to steric effects. The 4: 5-dimethylhexahydrobenzoate was isolated as before, and fraction- 
ation yielded a clear, colourless, viscous liquid, b. B- 124°/15 mm. (0-6 g., 60%). The compound con- 
tained fluorine (Found: C, 65-6; H, 9-7. C,,H,,O,F requires C, 65-4; H, 9-5%). 

p-Fluorobenzyl Chloride.—Benzoyl peroxide was dried, and recrystallised by dissolving it in a mini- 
mum quantity of chloroform and precipitating it with an excess of methanol. It was then filtered 
off, drained and dried. 

Sulphuryl chloride (18 g., 0-13 mol.) was mixed with p-fluorotoluene (31 g., 0-28 mol.) in a flask 
fitted with a reflux condenser and calcium chloride tube, and benzoyl peroxide (0-18 g., 0-0007 mol.) 
was added. The mixture was then heated in the dark until it started to boil. Evolution of hydrogen 
chloride and sulphur dioxide began at once, and the reaction proceeded spontaneously for the first 
5 minutes, no heat being required. The mixture was then gently heated under reflux for 30 minutes 
in the dark, after which no more sulphur dioxide or hydrogen chloride was evolved. After being allowed 
to cool overnight, the mixture was directly distilled through a column under reduced pressure. ?- 
Fluorotoluene (13 g.) was recovered and p-fluorobenzy] chloride was collected as a colourless liquid, 
b. p. 70—71°/17-5 mm. (12-2 g., 85% relative to sulphuryl chloride used). 

p-Fluorobenzyl Cyanide.—p-Fluorobenzyl chloride (10 g., 0-07 mol.) in alcohol (10 c.c.) was warmed 
under reflux on a water-bath, with sodium cyanide (5 g., 0-1 mol.) in water (5 c.c.), for 2 hours. The 
sodium chloride was removed by filtration and washed with a small quantity of alcohol. As much as 
possible of the alcohol was removed by heating the mixture on a water-bath, and the p-fluorobenzyl 
cyanide was separated from the ——— layer. It was dried (CaCl,) for +20 minutes and distilled 
under reduced pressure, as a colourless liquid, b. p. 115—116°/16 mm. (6-7 g., 72%), smelling strongly 
of hydrogen cyanide. 

p-Fluorophenylacetic Acid.—p-Fluorobenzyl cyanide (6-0 g., 0-045 mol.) was boiled under gentle 
reflux with 70% acid (40 c.c.) for 20 minutes. The mixture was cooled and an equal volume 
of water was added. The solid was filtered off, washed with water, and recrystallised from water 
(charcoal). Beautiful, colourless, diamond-shaped leaves were obtained, having m. p. 85° (4-1 g., 60%). 
The equivalent weight, determined by titration of a hot solution with sodium hydroxide (phenol- 
phthalein), was 156 (Found: C, 62-2; H, 4-4. Calc. for C,H,O,F: C, 62-3; H, 45%; equiv., 154). 

Attempted Preparation of 4-Fluorocyclohexylacetic Acid.—p-Fluorophenylacetic acid (3 g., 0-02 mol.) 
was dissolved in ethyl alcohol (200 c.c.) in a high-pressure hydrogenator, and Raney nickel (1-5 g.) was 
added. The mixture was then hydrogenated under varying conditions with stirring. The product 
was filtered from the nickel, and the filtrate distilled. Results are shown in the table. Esterification 
of the acid occurred in every instance. 


Experiment Time, Pressure, 
number. hours. b b Product. 


Ethyl ~-fluorophenylacetate. 


1:1 Mixture of ethyl p-fluorophenylacetate 
and ethyl cyclohexylacetate. 
Ethyl cyclohexylacetate. 
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582. Syntheses in the Thiapyran Series. Part II. 
Dihydro-derivatives. 


By Ratpu F. Naytor. 


A number of dihydrothiapyrans of the A*- and A*-series has been prepared. The 
A*-compounds are obtained by the catalysed reaction of hydrogen sulphide with the 
corresponding pyran derivatives. For the preparation of the A*-compounds thiapyran-4- 
ones are converted into thiapyran-4-ols by reduction with aluminium isopropoxide or by 
reaction with methylmagnesium iodide, the thiapyran-4-ols on dehydration giving the 
A’-dihydrothiapyrans. 

These thiapyrans with methyl iodide give mainly tars, but there is evidence of the formation 
of methiodides at 24° and of ring scission at 100°. 


an? 


INTEREST in compounds of the thiapyran series was first aroused in these laboratories by 
the observation that this ring system was formed in the reactions of A*‘8-dienes (polyisoprenes) 
with sulphur or with hydrogen sulphide (Farmer and Shipley, J., 1947, 1519; Naylor, ibid., 
p. 1532). Syntheses of some of the fully saturated tetrahydro-derivatives have already been 
reported (Naylor, J., 1947, 1106), but the dihydro-derivatives are largely unknown. The 
object of the present study has been to prepare a number of representative dihydrothiapyrans, 
which will show the influence of unsaturation pattern and substitution on the chemical properties 
and absorption spectra, thereby serving as standards for the examination of the dihydrothia- 
pyrans which are formed in the reaction of sulphur with A‘*5-dienes. 

In the A*-series the parent member, A?-dihydrothiapyran (I) was prepared by the catalysed 
reaction of hydrogen sulphide with A*-dihydropyran at ca. 425°. While the work was in 
progress an identical mode of synthesis was reported independently by Yur’ev, Dubrovina, and 
Tregubov (J. Gen. Chem. U.R.S.S., 1946, 16, 843). The dihydropyran was prepared in the 
present work by passage of tetrahydrofurfuryl alcohol over alumina at 300°, and it was found 
possible to combine the two stages by passing the alcohol and hydrogen sulphide over alumina 
at 375°; the yield by this method was, however, poor. 
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Although it is possible, as reported by the Russian authors, to obtain a product whose 
analytical figures correspond to A*-dihydrothiapyran it is doubtful whether this compound 
has, in fact, ever been obtained completely pure. Yur’ev e¢ al. do not give analytical data 
for carbon and hydrogen; in the present work a slightly high value for the hydrogen suggests 
the presence of tetrahydrothiapyran. When a carefully fractionated sample of the product 
is treated with mercuric chloride, and the resultant mercurichloride decomposed with alkali or 
hydrogen sulphide, the A*-dihydrothiapyran is not regenerated but a small quantity of tetra- 
hydrothiapyran is obtained. A number of other metallic salts (PtCl,, AuCl,, AgNO;) appeared 
to give additive compounds, but the very small amount formed suggested that only the 
tetrahydrothiapyran impurity was reacting. Similarly the only methiodide which is separable 
as a pure crystalline compound is that of tetrahydrothiapyran. It would appear therefore 
that A*-dihydrothiapyran prepared by this method always contains small proportions of 
tetrahydrothiapyran and possibly also of thiapyran, and that the presence of the double bond 
in the A?-position militates against the formation of sulphonium compounds. 

In the present work a small amount of mercaptotetrahydrothiapyran was also isolated from 
the reaction product. This had evidently been formed by catalytic addition of hydrogen 
sulphide to A?-dihydrothiapyran, and might be expected to be the 2-mercapto-compound (the 
3-position being probably the more electronegative). 
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The reaction of A*-dihydropyran with phosphorus pentasulphide, effective in replacing 
oxygen by sulphur in the saturated compounds (Naylor, J., 1947, 1106), failed to give any of 
the required thiapyran. The conversion of epoxides into episulphides by potassium thio- 
cyanate (Snyder, Stewart, and Ziegler, J. Amer. Chem. Soc., 1947, 69, 2674) suggested that 
this reagent might be effective in converting A*-dihydropyran into the corresponding thiapyran, 
but the method proved unsuccessful. 

2-Methyl-A?-dihydrothiapyran (II) was synthesised by the following sequence of reactions: 


NaOEt HCl 
CH,°CO-CH,'CO,Et + CH,Br-CH,CH,Br ——> CH,-CO-CH(CO,Et)-CH,yCH,CH,Br ——> 
CH, 


CH, 
| he te 
—H,O H,S-Al,0, 
CH,°CO’CH,’CH,’CH,’°CH,'OH a 4 i imate ok CH 
Hy e 450° Hy CMe 
VV \/ 


(IL) 


The preparation of the 2-methyl-A*?-dihydropyran’ was essentially that of Lipp (Annalen, 
1896, 289, 186). Its reaction with hydrogen sulphide gave a very heterogeneous product and 
complete purification of the 2-methyl-A*-dihydrothiapyran was not achieved, but again there 
were indications (high hydrogen : carbon ratio) of the presence of the fully saturated compound, 

The first attempts to prepare members of the A*-dihydrothiapyran series were unsuccessful. 
y-Pyrone was hydrogenated, with Raney nickel as catalyst, to tetrahydropyran-4-ol, which 
was then treated with excess of hydrogen bromide. However, although this preparation 
has been reported by Blanchard and Paul (Compt. rend., 1935, 200, 1414) the method failed 
to give appreciable amounts of 1:3: 5-tribromopentane, nor was an attempt to prepare 
this compound by reduction of acetonedicarboxylic ester to pentane-1 : 3: 5-triol, etc., 
more successful. Passage of tetrahydropyran-4-ol in a stream of hydrogen sulphide over 
heated alumina gave a small quantity of a sulphur compound, probably A*-dihydrothiapyran, 
but insufficient for purification. The work of Arndt and Schauder (Ber., 1930, 63, 313) 
who obtained 2: 6-diphenyl-4-methyl-A*-dihydrothiapyran by a Grignard reaction on the 
corresponding thiapyranone, followed by dehydration, suggested the use of tetrahydrothia- 
pyran-4-one (III) as an intermediate in the present syntheses. The method of preparation 
of this compound from ethyl thiodipropionate reported by Bennett and Scorah (J., 1927, 
194) gave unsatisfactory yields, and alternative methods of cyclisation of thiodipropionic 
esters proved unsuccessful. The author is indebted to Dr. H. M. E. Cardwell (private 
communication; cf. this vol., p. 717) for details of an improved method of condensation using 
sodamide. Tetrahydrothiapyran-4-one prepared by this method was the starting material 
in the following syntheses of A*-dihydrothiapyran (V) and 4-methyl-A*-dihydrothiapyran (VII) : 


Al(OPr'), 
(III; R = H) 


(VIII; R = Me.) 


MgMelI 





(X; R = Me.) 


The reduction with aluminium isopropoxide proceeded smoothly without any cleavage of 
the C-S bonds and gave a good yield of tetrahydrothiapyran-4-ol (IV). Reaction of (IV) with 
hydrogen bromide gave very poor yields of the 4-bromo-compound, and direct dehydration 
to the thiapyran was therefore attempted. Anhydrous copper sulphate and stronger 
dehydrating reagents caused decomposition but anhydrous magnesium sulphate at 200° was 
effective in promoting the dehydration with a minimum of side-reaction. 4-Methyltetrahydro- 
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thiapyran-4-ol (VI) was readily obtained from tetrahydrothiapyran-4-one by methylmagnesium 
jodide and was dehydrated to 4-methyl-A*-dihydrothiapyran (VII) by anhydrous copper 
sulphate or, better, catalytic amounts of iodine. 

In an analogous manner 2 : 6-dimethyltetrahydrothiapyran-4-one (VIII) * was converted 
into 2 : 4 : 6-trimethyltetrahydrothiapyran-4-ol (IX) and the A*-dihydrothiapyran (X). Arndt has 
shown that the ketone (VIII) exists in cis- and trans-forms, one solid and the other liquid 
(Rev. Fac. Sci. Univ. Istanbul, Série A, 1948, 18, 62). Thiapyranols (IX) were prepared and 
were solid and liquid respectively, but the thiapyrans obtained by dehydration of each possessed 
almost identical physical constants, although the infra-red absorption spectra showed certain 
differences. 

For the synthesis of A*-dihydrothiapyrans containing tertiary carbon atoms in the 
a-positions phorone was used as a starting material. 


Me, /OH 
Me 
S 
Sat 
€s 
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(XIV.) (XV.) 
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Attempts to catalyse the addition of hydrogen sulphide to phorone at room temperature 
were not very successful and the method of Arndt (loc. cit., p. 60) was adopted. Arndt 
obtained 2: 2:6: 6-tetramethyltetrahydrothiapyran-4-ol (XII) as a by-product in the 
Clemmensen reduction of the thiapyranone (XI), but in the present work it was obtained in 
excellent yield (99%) by reduction with aluminium isopropoxide. Anhydrous magnesium 
sulphate at 200° then gave 2: 2 : 6 : 6-tetramethyl-A*-dihydrothiapyran (XIII). Professor Arndt 
kindly sent a small sample of the main product of this Clemmensen reduction to check whether 
it was the presumed saturated compound 2: 2: 6: 6-tetramethyltetrahydrothiapyran. 
Comparison of its infra-red absorption spectrum with those of the saturated and unsaturated 
(XIII) thiapyran synthesised in these laboratories shows that it is in fact the compound (XIII). 
Evidently the Clemmensen reduction had” proceeded only as far as the thiapyranol (XII), 
some of which had become dehydrated under the acid conditions of reaction. This compound 
(XIII) is of particular interest in that it was suspected to be the principal component of the 
cyclic sulphide obtained in the reaction of geraniolene with sulphur (Farmer and Shipley, 
loc. cit.). In support of this view examination of the infra-red absorption spectra shows that 
the principal absorption lines of 2: 2: 6 : 6-tetramethyl-A*-dihydrothiapyran are present in 
the geraniolene-sulphur product, although the latter contains considerable additional 
absorption attributable to other C,H,,S isomers. 

The reaction of methylmagnesium iodide with (XI) and the subsequent dehydration were 
carried out as in the previous syntheses, the products being 2: 2: 4: 6 : 6-pentamethyltetra- 
hydrothiapyran-4-ol (XIV) and 2 : 2: 4: 6 : 6-pentamethyl-A*-dihydrothiapyran (XV). 

Methyl Iodide Reactions.—The tendency of most of the dihydrothiapyrans to give only oils 
on reaction with methyl iodide hindered the attempt to correlate the ease of scission of the 
C-S link with the structure of the sulphide. Admixture of equimolecular proportions of 
A*-dihydrothiapyran and methyl iodide at room temperature resulted in no reaction, except 
of the tetrahydrothiapyran impurity; reaction for 24 hours with excess of methyl iodide at 
100° gave a tar from which no crystalline compound was isolated. Analysis indicated that 
this was mainly trimethylsulphonium iodide, resulting from elimination of sulphur from the 


* The author is indebted to Professor F. G. Arndt for the samples of this thiapyranone. 
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methiodide initially formed. Benzyl chloride and A*-dihydrothiapyran did not react even 
at 100°. 

At 24° 4-methyl-A®-dihydrothiapyran gave a crystalline methiodide (XVI), but at 100° 
cleavage of the C-S link occurred to give a mixture which appeared (from analyses) to be mainly 
dimethyl-5-iodo-3-methylpent-3-enylsulphonium iodide (XVII) : 


CMe ° CMe 


4S laN 
H, H Hy 
He Ji ° oy 
Ss 


M AS I 


(XVII) 


2:4: 6-Trimethyl-A*-dihydrothiapyran united very slowly with methyl iodide at 24° to 
give the ordinary methiodide. 

The dihydrothiapyrans containing methyl or gem-dimethyl groups in the 2- and 6-positions 
also reacted with methyl iodide extremely slowly at 0° or 24°, and only moderately rapidly at 
50—100°, to give tarry products containing both the methiodide and the scission products of 
the types obtained from 4-methyl-A*-dihydrothiapyran. 


EXPERIMENTAL, 
(Microanalyses were carried out by Dr. W. T. Chambers, Miss E. Farquhar, and Mr. A. van der Schee.) 


A*-Dihydropyran, prepared from tetrahydrofurfuryl alcohol (Org. Synth., 28, 25), was purified by 
fractional distillation over sodium to give a liquid, b. p. 88—90°, 2° 1-4378. 

A*-Dihydrothiapyran (I).—(a) From A®-dihydropyran. A 24-mm. glass tube packed with a 48-cm. 
length of coarse activated alumina was inclined at 10° to the horizontal and maintained at 425° by an 
electric furnace. A*-Dihydropyran (45 g.) in a steady stream of hydrogen sulphide was passed over 
the alumina during 4 hours. The product, which was in two layers, was salted out by anhydrous 
magnesium sulphate, the separated upper layer being extracted 3 times with 10% aqueous sodium 
hydroxide. After being washed with water and dried (K,CO,), the neutral portion was twice fractionally 
distilled, to give A*-dihydrothiapyran (20 g.), b. p. 138—144°/750 mm. The products from several 
runs were combined and repeatedly fractionated over sodium until A*-dihydrothiapyran was obtained 
as a liquid, b. p. 142-5°, 81°/100 mm., ?? 1-5330 (Found: C, 59-8; H, 8-2, 8:3; S, 31-8. Calc. for 
C,H,S: C, 60-0; H, 8-0; S, 320%). The alkaline extract was acidified with hydrochloric acid and 
extracted with ether. After being dried (MgSO,) the product distilled at 83°/10 mm. to give impure 
2-(or 3-)mercaptotetrahydrothiapyran as a liquid, n?? 1-5583, with a typical mercaptan odour (Found: 
C, 46:0; H, 7-6; S, 45-5. C,H, S, requires C, 44-7; H, 7-5; S, 47-7%). 

(b) Direct from tetrahydrofurfuryl alcohol. Tetrahydrofurfuryl alcohol was dripped into the furnace 
tube and passed in a stream of hydrogen sulphide over the heated alumina at 375° (113 g. in 5 hours), 
the product being collected over anhydrous potassium carbonate (20 g.). The upper layer of product was 
separated, extracted with 10% aqueous sodium hydroxide, and combined with an ethereal extract of the 
combined lower layer and alkaline extract. Distillation of the dried ethereal extract gave a variety of 
products including crude dihydropyran (ca. 19 g.) and dihydrothiapyran (ca. 26 g.). Fractionation of 
he 76%) gave a somewhat impure product, b. p. 28—30°/8 mm., 2° 1-5315 (Found : C, 61-6; H, 8-8; 

, 29-6%). 

A*-Dihydrothiapyran and Metallic Salts —A*-Dihydrothiapyran (12 g.) was added to a hot solution 
of mercuric chloride (32-4 g.) in 95% alcohol (100 ml.). The white mercurichloride was immediately 
precipitated and was purified by recrystallisation from alcohol, in which it was only very slightly 
soluble, to give a white powder, decomp. 122-5° (Found: Hg, 54-25. C,;H,SCl,Hg requires Hg, 54-0. 
C,H,,SCl,Hg requires Hg, 53-7%). The product became brown on storage and showed great variation 
of decomposition point after recrystallisation (122—140°). The finely powdered mercurichloride 
(24 g.) was shaken with excess of 6% aqueous sodium hydroxide (150 ml.), and the liberated sulphide 
extracted with ether. After drying, distillation gave tetrahydrothiapyran (1 g.) as a colourless liquid, 
b. p. 74—75°/100 mm., 2? 1-5044 (Found: C, 58-7; H, 9-75; S, 30-8. Calc. for C,H4S: C, 58:8; 
H, 9-8; S, 31-4%). The identity of the compound was confirmed by infra-red absorption spectra by 
comparison with an authentic sample. 

When kept with A*-dihydrothiapyran in alcoholic solution platinic chloride gave yellowish-brown 
crystals, auric chloride yellow crystals, and silver nitrate white crystals which slowly blackened; yields 
were in each case too small to permit purification and identification. 

A*-Dihydrothiapyran and Methyl Iodide.—A mixture of the A*-dihydrothiapyran (2-0 g.) and methyl 
iodide (3-12 g.) was set aside at room temperature for 24 hours. The precipitated methiodide (0-2 g.) 
was recrystallised from 95% alcohol to give tetrahydrothiapyran methiodide, m. p. ca. 145° (decomp.) 
(Found: C, 29-65; H, 5-2; S, 13-45; I, 52-0. Calc. for C,H,,SI: C, 29-5; H, 5-3; S, 13-1; I, 52:1. 
Calc. for C,H,,SI: C, 29-8; H, 4:5; S, 13-2; I, 52-5%). Reaction of A?-dihydrothiapyran (5-0 g.) 
with methyl iodide (28-8 g.) for 24 hours at 100° gave a tarry solid containing mainly trimethyl- 
sulphonium iodide (Found: C, 19-9; H, 4-6; I, 61-4. Calc. for C,H,SI: C, 17-7; H, 4-4; I, 62-2%). 

A*-Dihydropyran and Phosphorus Pentasulphide.—On mixing, the reactants underwent a vigorous 
exothermic reaction with the formation of a yellowish-brown tarry material from which no volatile 
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products could be obtained by direct distillation or by heating it with aqueous sodium hydroxide and 
extracting the product with ether. 

A?-Dihydropyran-and Potassium Thiocyanate——To a solution of potassium thiocyanate (33 g.) in 
water (25 mi.) were added ethanol (18 ml.) and dihydropyran (12 g.). After vigorous stirring for 4 hours 
at 15° no reaction was apparent, and a further 10 g. of dihydropyran were added, the stirring being 
continued for 8 hours at 55—60°. The product was salted out with sodium chloride, dried, and distilled, 
whereafter it was found to contain only unchanged dihydropyran. 

i Se a cold solution of sodium (96 g.) in dry ethanol (1040 g.) was slowly 
added, with cooling, ethyl acetoacetate (520 g.). Trimethylene dibromide (800 g.) was then added and 
the mixture warmed slowly to the b. p. and finally heated under reflux for 1 hour, by which time the 
solution was neutral. After removal of ethanol by distillation, sufficient water was added to dissolve 
the sodium bromide, and the upper layer was separated and shaken twice with 2N-potassium hydroxide. 
The product was decarboxylated and hydrolysed by being boiled under reflux with hydrochloric acid 
(160 g.) and water (1040 g.) for 4 hours. The lower oil, containing trimethylene dibromide and 
diacetopimelic ester, was removed, and 20 ml. were distilled from the aqueous layer (to remove residual 
bromide). After salting out with potassium carbonate (2 kg.) the mixture of ethanol and product was 
distilled to give a mixture (131 g.) of hexan-l-ol-5-one and 2-methyl-A*-dihydropyran, which was 
dried (K,CO,) and redistilled at 75—140°. This distillate was dried over sodium, redistilled quickly, 
and then fractionally distilled through a Widmer column to give 2-methyl-A*-dihydropyran (38 g.), 
b. p. 105—107°, n?® 1-4457 (Found: C, 73-3; H, 10-2. Calc. for C,gH,,O: C, 73-5; HL. 10:2%). It 
is almost impossible to remove the last traces of water. 

2-Methyl-A*-dihydrothiapyran (II).—2-Methyl-A*-dihydropyran (80 g.) was passed in a stream of 
hydrogen sulphide over activated alumina at 450° at the rate of 15 g. per hour. The product was 
worked up in the same manner as dihydrothiapyran and after repeated fractional distillation, finally 
over sodium, was obtained as rather impure 2-methyl-A*-dihydrothiapyran, b. p. 50—53°/16 mm., 
40°/9 mm., n?? 1-5000 (Found: C, 65-6; H, 9-8; S, 24-7; C:H ratio, 6-70. C,H, S requires C, 63-2; 
H, 8-8; S, 280%; C:H ratio, 7-18). 

Attempted Syntheses of A*-Dihydrothiapyran (V) via Tetrahydropyran-4-o0l.—Chelidonic acid (5 g.) 
(Org. Synth., Coll. Vol. II., p. 126), powdered pumice (5 g.), an yor powder (10 g.) were intimately 
mixed and heated over a naked flame. The distillate (0-5—1-0 ml.) containing water and y-pyrone 
was redistilled to give y-pyrone, b. p. 90—100°/11 mm., m. p. 32° (average yield, ca. 30%). When 
copper was replaced by copper-bronze the method failed to give appreciable yields. 

A solution of y-pyrone (24 g.) in methanol (200 ml.) containing Raney nickel (5 g.) was hydrogenated 
at 110° and 50 atmospheres for 3 hours (most of the absorption occurred during the first 20 minutes). 
After removal of catalyst and solvent the product was twice distilled at 85—-88°/12 mm., to give tetra- 
hydropyran-4-ol, }?* 1-4612 (Found: C, 58-5; H, 9-9. Calc. for C,H,,O,: C, 58-8; H, 9-8%). 

In an attempt to convert the pyranol into 1 : 3: 5-tribromopentane, dry hydrogen bromide was 
passed through its ethereal solution for 4 hours. The product separated into two layers; the lower 
aqueous layer was extracted with ether, and the combined ethereal extracts distilled, but none of the 
required product was obtained. 

Tetrahydropyran-4-ol (12 g.) was passed in a stream of hydrogen sulphide over activated alumina 
at 400° during 1-5 hours. The product was shaken simultaneously with ether and 10% aqueous sodium 
hydroxide. After separation, the ethereal layer was extracted with alkali, the alkaline extracts were 
shaken with ether, and the combined ethereal layers washed with water and dried. Distillation gave a 
few drops, b. p. 46—47°/11 mm., too small a quantity for purification (Found: S, 19-4. C,;H,S 
Tequires 33-0%, 

In another attempt tetrahydropyran-4-ol (5 g.) and phosphorus pentasulphide (14 g.), sealed under 
nitrogen in a Carius tube, were heated for 4 hours at 100—110°. Excess of pentasulphide was destroyed 
with water, and the whole was extracted 4 times with ether. The ethereal extract was shaken with 5% 
aqueous sodium hydroxide, dried (MgSO,), and distilled to give ca. 0-1 g. of product (Found : S, 22-8%). 

Tetrahydrothiapyran-4-one (III).—(a) Attempted synthesis from B-chloropropionic acid. B-Chloro- 
propionic acid was heated with catalytic and with equimolecular proportions of barium hydroxide until 
distillation occurred. In each case the main reaction was elimination of hydrogen chloride, and no 
condensation to the thiapyranone took place. £8’-Thiodipropionic acid (8 g.), prepared from f-chloro- 
propionic acid by the method of Bennett and Scorah (J., 1927, 194), and powdered baryta (1 g.) heated 
together at 300° also failed to give the required thiapyranone. 

(b) From ethyl acrylate. Diethyl Bf’-thiodipropionate was prepared from ethyl acrylate by the 
method of Gershbein and Hurd (J. Amer. Chem. Soc., 1947, 69, 241). The ester (300 g.) in ether (500 ml.) 
was slowly run on sodamide (100 g.) in ether at —15° with good stirring (1? hours). Stirring was 
continued for a further 7 hours at —15° before the mixture was allowed to warm to room temperature 
overnight. After addition of ice and water the supernatant liquid was poured into 2N-sulphuric acid 
at 0°; the upper layer was separated and to it were added ethereal extracts of the aqueous layer. After 
drying (MgSO,), distillation gave ethyl tetrahydrothiapyran-4-one-3-carboxylate (70 g.) as a liquid, 
b. p. 97—99°/0-1 mm., 2? 1-5223. Hydrolysis was effected by boiling the ester under reflux with 
2n-sulphuric acid (500 ml.) for 4 hours. Some tetrahydrothiapyran-4-one crystallised and the remainder 
was extracted with ether; recrystallisation gave plates (36 g.), m. p. 65—67°. 

Tetrahydrothiapyran-4-ol (IV).—Tetrahydrothiapyran-4-one (5 g.), aluminium isopropoxide (26-4 g.), 
and isopropyl alcohol (125 ml.) were heated to boiling in the type of apparatus described in “‘ Organic 
Reactions,” Vol. 2, p. 203, using a modified Hahn partial condenser. The distillate was collected at the 
tate of 5—6 drops per minute until all acetone had distilled (ca. 3 hours). After hydrolysis with 
ice-cold hydrochloric acid (46 ml. of concentrated acid in 250 ml. of water), the product was extracted 
with ether, washed with aqueous sodium hydrogen carbonate, dried (MgSO,), and distilled. The tetra- 
hydrothiapyran-4-ol (3-8 g., 76%) distilled at 70°/0-05 mm. and condensed to a white solid, m. p. 53° 
(Found: C, 50-8; H, 8-7; S, 26-9. C,H, OS requires C, 50-8; H, 8-5; S, 27-1%). 

A-Dihydrothiapyran (V).—Dehydration of (Iv) by copper sulphate and pumice at 190° gave poor 
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yields and pes products. An intimate mixture of tetrahydrothiapyran-4-ol (2 g.) and anhydrous 
magnesium sulphate (20 g.) was heated in a slow stream of nitrogen for 4 hours at 200°. The product 
was distilled at atmospheric temperature and 10 mm., dissolved in ether, dried (MgSO,), and distilled 
to give A*-dihydrothiapyran (0-5 g.), b. p. 35—36°/12 mm., nZ? 1-5328 (Found: C, 60-2; Hi, 8-2; S, 31-7. 
C,;H,S —— C, 60-0; H, 8-0; S, 32-0%). 

4-Methyltetrahydrothiapyran-4-ol (VI).—To an ethereal solution of methylmagnesium iodide, prepared 
from magnesium (7 g.) and methyl iodide (36 g.), was added rapidly at 0° tetrahydrothiapyran-4-one 
(20 g.) in ether (200 ml.), with stirring which was continued for 1 hour. The product was hydrolysed 
with 2n-sulphuric acid (300 ml.) and ice, extracted with ether, washed with aqueous sodium hydrogen 
carbonate, and dried (MgSO,). Distillation gave 4-methyltetrahydrothiapyran-4-ol (22 g., 97% theory) 
b. p. 54—55°/1-0 mm., 46°/0-1 mm., which condensed to a white solid, m. p. 455° (Found: C, 54:4: 
H, 9-2; S, 24-2. C,H,,OS requires C, 54-5; H, 9-1; S, 24-2%). “ 

4-Methyl-A*-dihydrothiapyran (VII).—The thiapyranol (VI) (7 g.) was dripped on a mixture of 
anhydrous copper sulphate (15 g.) and pumice (5 g.) at 180—210°, the products being distilled at reduced 
pressure. The 4-methyl-A*-dihydrothiapyran was extracted with ether, dried, and twice distilled, to 
give a colourless liquid, b. P 54°/11 mm., nf 1-5239 (Found : C, 62-8; H, 8-9; S, 27-9. CgH,S requires 
C, 63-2; H, 88; S, 280%). In another experiment the thiapyranol (10 g.) was heated with iodine 
(0-1 g.) for 3 hours at 150°, the product being separated as before, washed with aqueous sodium thio- 
sulphate, and distilled. After redistillation over sodium 4-methyl-A*-dihydrothiapyran was obtained, 
having b. p. 57°/12 mm., n? 1-5241 (Found: C, 63-2; H, 8-8; S, 28-1%). 

4-Methyl-A*-dihydrothiapyran and Methyl Iodide——A mixture of the thiapyran (1-14 g.) and methyl 
iodide (5-75 g.) was maintained at 24° for 24 hours. The white crystals of methiodide (XVI) (2-5 g.) 
were washed with light petroleum and twice recrystallised from 95% alcohol, to be obtained as colourless 
weeny p. 142-5° (decomp.) (Found: C, 32-7; H, 5-1; I, 49-1. C,H,,SI requires C, 32-8; H, 5-1; 

, 49-6%). 

Interaction for 24 hours at 100° gave a dark reddish-brown semi-solid oil, from which were separated 
by repeated recrystallisation red-brown needles, decomp. ca. 200°, which appeared to be slightly impure 
dimethyl-5-iodo-3-methylpent--enylsul honium iodide (XVII) (Found: C, 22-9; H, 3-8; I, 64-9, 
C,H. Sle requires C, 24-1; H, 4-0; I, 63-8%). 

2:4: 6-Trimethyltetrahydrothiapyran-4-ol (IX).—The solid form of 2: 6-dimethyltetrahydrothia- 
pyran-4-one (VIII) (4 g.) (Arndt, loc. cit.) was treated with methylmagnesium iodide as in the previous 
preparation and 2: 4: 6-trimethyltetrahydrothiapyran-4-ol (2-9 g., 87%) was obtained as a white 
crystalline solid, m. p. 35—36°, b. p. 60—62°/0-3 mm. (Found: C, 59-5; H, 10-2; S, 20-3. C,H,,0S 
requires C, 60-0; H, 10-0; S, 20-0%). 

Similarly the liquid form of (VIII) (6-5 g.) was converted into a liquid form of (IX) (6-2 g., 86% 
theory) having b. Ve 62—64°/0-01 mm., m?? 1-5018 (Found: C, 59-1; H, 10-1; S, 19-9%). 

2:4: 6-Trimethyl-A*-dihydrothiapyran (X).—The solid thiapyranol (1-9 g.) was dehydrated by 
heating with iodine (0-008 g.) (as previously described) to give 2: 4: 6-trimethyl-A*-dihydrothiapyran 
(1-5 g., 89% theory) as a colourless liquid, which after redistillation over sodium had b. p. 60°/11 mm., 
nv 1-4981 (Found: C, 67-5; H, 10-1; S, 22-7. C,H,,S requires C, 67-6; H, 9-9; S, 22-56%). The 
thiapyran (X) 7%) the liquid form of (IX) had b. p. 62—63°/11 mm., 2° 1-4983 (Found: C, 67-2; 
H, 9:8; S, 22-7%). 

2:4: Trine thyl-A*-dihydrothiapyran and Methyl Iodide.—Interaction of 2: 4: 6-trimethyl-A*- 
dihydrothiapyran (0-7 g.) with methyl iodide (2-15 g.) for 3 days at 24° gave pale yellow crystals of the 
methiodide (0-2 g.), m. p. 124° (decomp.) (Found: C, 38-2; H, 6-2; I, 44-2. C,H,,SI requires C, 
38-0; H, 6-0; I, 44-6%). 

2:2:6: 6-Tetramethyltetrahydrothiapyran-4-one (XI) (cf. Arndt, loc. cit.).—Hydrogen sulphide was 

assed through a solution of phorone (Amnalen, 1866, 140, 297, 301) (20 g.) and potassium hydroxide 
fo-4 g.) in ethanol (40 ml.) under reflux for 7 hours. After dilution with water the product was extracted 
with ether, washed, dried, and twice distilled, 2: 2 : 6 : 6-tetramethyltetrahydrothiapyranone (9-5 g.) 
being obtained as a liquid, b. p. 90—100°/13 mm., »?? 1-4861. Purification by conversion into the 
semicarbazone, which recrystallised from 95% alcohol (m. p. 212°), and regeneration by hot hydro- 
chloric acid, gave a product, b. p. 92°/14 mm., n?? 1-4895 (Found: C, 63-1; H, 9-4; S, 18-9. Calc. for 
C,H,,OS: C, 62-7; H, 9-4; S, 18-6%). 

The hydrogen sulphide addition could not be effected at room temperature with such alkaline 
catalysts as sodium methoxide and phenyldimethylbenzylammonium hydroxide. 

2:2:6: 6-Tetramethyltetrahydrothiapyran-4-ol (XII).—The thiapyranone (XI) (5 g.) was reduced 
as in previous experiments with aluminium isopropoxide (17-8 g.), and 2 : 2 : 6 : 6-tetramethyltetrahydro- 
thiapyran-4-ol (5 g., 99%) was obtained as a white crystalline solid, b. p. 95°/0-1 mm., m. p. 67° (Found: 
C, 62-1; H, 10-6; S, 18-2. Calc. for C,H,,0S: C, 62-1; H, 10-4; S, 18-4%). 

2:2:6: 6-Tetramethyl-A*-dihydrothiapyran (XIII).—The thiapyranol (X11) (4 g.) was dehydrated 
by anhydrous magnesium sulphate (40 g.) at 200°, as in the preparation of A*-dihydrothiapyran. The 
product was redistilled over sodium to give 2: 2: 6: 6-tetramethyl-A*-dihydrothiapyran (1-3 g., 36% 
theory), b. p. 66°/11 mm., ?? 1-4883 (Found: C, 69-2; H, 10-4; S, 20-5. C,H,,S requires C, 69-2; 
H, 10-3; S, 20-5%). 

2:2:4:6: 6-Pentamethyltetrahydrothiapyran-4-ol (XIV).—The thiapyranone (XI) (12 g.) was 
treated with methylmagnesium iodide [from magnesium (2-2 g.) and methyl iodide (10-9 g.)] as in previous 
preparations and the product (8 g.) twice distilled. 2:2:4: 6: 6-Pentamethyltetrahydrothiapyran-4-ol 
was thus obtained as a colourless viscous liquid, b. p. 105—106°/12 mm., n?? 1-4990 (Found: C, 63-6; 
H, 10-6; S, 16-9. Cy 9H gOS requires C, 63-8; H, 10-6; S, 17-0%). 

2:2:4:6: 6-Pentamethyl-A*-dihydrothiapyran (XV).—The thiapyranol (XIV) (5-7 g.) was dehydrated 
by heating it with a trace of iodine (0-01 g.) at 160°. The resultant 2:2: 4: 6: 6-pentamethyl-A*-di- 
hydrothiapyran (3-3 g., 64% theory), after redistillation over sodium, was a colourless liquid, b. p. 
69°/11 mm., 106—110°/40 mm., ?? 1-4849 (Found: C, 71-0; H, 10-9; S, 18-6. C, H,,5 requires 
C, 70-6; H, 10-6; S, 18-8%). 
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2:2:4:6:6-Pentamethyl-A*-dihydrothiapyran and Methyl Iodide.—Interaction of 2:2:4:6:6- 
ntamethyl-A*-dihydrothiapyran (0-85 g.) with methyl iodide (2-15 g.) gave no product after 3 days 
at 0°; after 20 minutes at 100° and then 5 hours at 50° a tar was separated which appeared to contain 
the methiodide and its scission product (Found: C, 25-5; H, 4-5; I, 48-8. Calc. for C,,H,,SI: C, 
42:1; H, 6-8; I, 40-8. Calc. for C,H,SI: C, 17-7; H, 4-4; I, 62-2%). 


This paper forms part of a research undertaken by the Board of the British Rubber Producers’ 
Research Association. The author expresses his thanks to Dr. E. H. Farmer for his helpful advice and 
criticism and to Mr. G. Ayrey for assistance with the experimental work. The infra-red absorption 
spectra of all the thiapyran compounds have been examined by Dr. H. P. Koch and Miss J. M. Fabian, 
who will publish details. 
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583. Organosilicon Compounds. Part I. The Formation of 
Alkyliodosilanes. 


By C. EABorn. 


Iodine in the presence of aluminium iodide has been found to break silicon—carbon bonds in 
tetra-alkylsilanes, with formation of alkyliodosilanes. In the compounds examined, the ease 
of displacement of the various alkyl groups is in the order, phenyl > methyl > ethyl > n- and 
iso-propyl. Triethyliodosilane reacts further with iodine in the presence of aluminium iodide 
to give diethyldi-iodosilane. Alkyliodosilanes have also been prepared by reaction of the 
corresponding alkylfluorosilanes with aluminium iodide. Alkyliodosilanes react with solid 
silver cyanide to give the corresponding alkyl(iso)cyanosilanes. 


Onty one alkyliodosilane has previously been reported: trimethyliodosilane, prepared by 
prolonged boiling of phenyltrimethylsilane with iodine under reflux (Pray, Sommer, Goldberg, 
Kerr, Di Giorgio, and Whitmore, J. Amer. Chem. Soc., 1948, 70, 433). Two other organosilicon 
iodides have previously been described : octaphenyl-1 : 4-di-iodotetrasilane and octa-p-tolyl- 
1 : 4-di-iodotetrasilane, solids prepared by the action of iodine in benzene on compounds of 
formula Si,Ph, and Si,(C,H,Me-p),, respectively (Kipping and Sands, J., 1921, 830; Steele and 
Kipping, J., 1929, 2545). The properties of the compounds were not investigated in any of these 
cases. The use of aluminium chloride to produce phenyltrichlorosilane from diphenyldichloro- 
silane, and silicon tetrachloride from both tetraphenylsilane and tetrabenzylsilane (Evison and 
Kipping, J., 1931, 2774), has recently been extended to the preparation of silicon tetrachloride 
from tetraethylsilane in chloroform solution (Manulkin, J. Gen. Chem. Russia, 1948, 18, 299). It 
was thus in the hope of preparing ethyliodosilanes that the reaction between aluminium iodide 
and tetraethylsilane was examined. 

Originally the aluminium iodide was prepared directly in boiling benzene solution from 
iodine and aluminium powder. Added tetraethylsilane was converted on boiling with this 
solution, followed by hydrolysis, into hexaethyldisiloxane in 90% yield, indicating that the 
expected reaction, Et,Si + All, —» Et,Sil + EtAlI, had occurred. When, however, the 
solvent was omitted, and tetraethylsilane was boiled directly with the appropriate quantities 
of iodine and aluminium, the iodine was fairly quickly used up without the disappearance of 
appreciable amounts of the aluminium, Ethyl iodide and triethyliodosilane were formed 
according to the equation Et,Si + I, —> Et,Sil + EtI. Since iodine alone reacts only very 
slowly with tetraethylsilane the aluminium was evidently acting as a catalyst, probably by 
initial formation of a small amount of aluminium iodide. It was later found that iodine in the 
presence of aluminium or aluminium iodide may be generally effective in the breaking of 
silicon—alkyl and silicon-aryl bonds. 

Breaking of Si-Alkyl Bonds by Iodine + Aluminium (or Aluminium Iodide).—When 
aluminium alone is used as catalyst for the reaction between iodine and tetraethylsilane there is 
an initial period in which iodine is removed only slowly, presumably while aluminium iodide is 
being formed. This “‘ induction period ”’ is absent when aluminium iodide is used as catalyst, 
either alone or with aluminium. Yields of ethyl iodide are in the region of 90% of the theoret- 
ical, and yields of triethyliodosilane rather lower. Triethyliodosilane reacts with further iodine 
to give diethyldi-iodosilane, though in this case no ethyl iodide is obtained, even if opportunity 
is offered for this compound to distil off continuously during the reaction. Instead, a gas is 
evolved, and although this has not been analysed it is suggested that it may be a mixture of 
hydrocarbons, probably formed by a secondary reaction of the ethyl iodide. The quantity of 
iodine required to produce the diethyldi-iodosilane, and the volume of gas evolved, are 
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approximately those required by an overall reaction of the type 2Et,SiI + I, —» 2Et,Sil, + 
C,Hj». The displacement of an ethyl group from triethyliodosilane is slower than from 
tetraethylsilane, in spite of the higher temperature of reaction, and requires the presence of 
rather larger amounts of aluminium iodide, though the action of the latter is still Catalytic, 
Diethyldi-iodosilane reacts very slowly with further quantities of iodine, and the fact that, in 
early experiments, iodine in twice the quantity actually required was employed in the reaction 
with triethyliodosilane and was removed during several hours by conversion into aluminium 
iodide without appreciably lowering the yield of diethyldi-iodosilane, suggests that the dis. 
placement of a third ethy] group by iodine is more difficult than that of the first two such groups, 

Dimethyldiethylsilane and methyltriethylsilane react with iodine (1 molar equivalent) to 
give mainly ethyl and methyl iodide, with little gas formation. Methyliri-n-propylsilane, on 
the other hand, gives only a small amount of alkyl iodides, and the iodine needed is only a little 
greater than that required by a reaction of the type 2SiMePr, + I, —-> 2Pr,Sil + C,H,, and 
the volume of gas evolved a little less than that required. (The fact that a mixture of n-propyl 
iodide, methyltri-n-propylsilane, and aluminium iodide gives off a similar gas on heating suggests 
that the gas formed during the reation of the tetra-alkylsilane with iodine comes from secondary 
reactions of the alkyl iodides formed. With more than one kind of alkyl group present, as in 
the reactions involving methyltri-n-propylsilane, and with the high probability of rearrange- 
ments under the conditions employed, the gas is likely to be a complex mixture of hydrocarbons.) 
Dimethyldiisopropylsilane is intermediate in behaviour, ca. 0°8 mol. of iodine being required to 
give 1 mol. of trialkyliodosilane, and some gas being evolved. Whether a particular tetra- 
alkylsilane will require 1 mol., 0°5 mol., or some intermediate amount of iodine probably depends 
on the temperature of the refluxing liquid as well as on the nature of the alkyl groups involved. 

When the four alkyl groups attached to the silicon atom are not identical, separation of 
either the alkyl iodides or the trialkyliodosilanes formed gives an indication of the relative ease 
of displacement of the groups concerned. If the alkyliodosilanes could not be conveniently 
separated they were hydrolysed and converted into the corresponding alkylfluorosilanes. 
From dimethyldiethylsilane, methyl iodide and ethyl iodide were obtained in the mol. ratio of 
ca. 2: 1, and from methyltriethylsilane they were obtained in the molecular ratio of 2:3. Since 
there are three times as many ethyl as methyl groups available for reaction in the case of 
methyltriethylsilane, methyl groups in both tetra-alkylsilanes are displaced roughly twice as 
readily as ethyl groups. From dimethyldiisopropylsilane, methyldiisopropyliodosilane was 
obtained in 80% yield, so that methyl and isopropyl groups in this compound are displaced in 
the ratio of at least 4:1. The iodide mixture from methyltri-n-propylsilane was shown, by 
conversion into tri-n-propyl- and methyldi-n-propyl-fluorosilane, to consist of tri-n-propyliodo- 
silane and methyl-n-propyliodosilane in the mol. ratio of ca.2:1. Phenyltrimethylsilane gave 
an almost quantitative yield of iodobenzene. In the compounds examined, then, the ease of 
removal of the various alkyl groups from the silicon is in the order, phenyl > methyl > ethyl > 
n-propyl, and methyl > ethyl > isopropyl. (No comparison of m- and iso-propyl is possible 
on the available results.) The series may be compared with the order of the ease of removal of 
various groups from tin by halogens, viz., phenyl > benzyl > methyl > ethyl > n-propyl 
(Bullard, J]. Amer. Chem. Soc., 1929, 51, 3065; cf. Manulkin, J. Gen. Chem. Russia, 1941, 11, 386), 

Mechanism of the Catalysis.—The effectiveness of the aluminium iodide catalyst is shown by 
the fact that in the presence of aluminium the theoretical amount of iodine, added in small 
portions, reacted completely with boiling phenyltrimethylsilane in less than 20 minutes, whereas 
Pray et al. (loc. cit.) boiled this organosilicon compound with iodine alone for 12 hours without 
effecting complete reaction. Surprisingly, in view of the reaction which occurs in benzene, 
aluminium iodide itself does not react with tetraethylsilane in the absence of solvent. 

An obvious suggestion to explain the action of the aluminium iodide is that the ions I* and 
All,- are formed, and that one or other of these is the attacking agent (the silicon atom in 
organosilicon compounds is normally susceptible to attack by nucleophilic groups, but the initial 
attack could conceivably be by I* on carbon). However, Calingaert and Beatty (J. Amer. 
Chem. Soc., 1939, 61, 2748) have shown that catalysts of the aluminium iodide type, ¢.g., 
aluminium chloride, ferric chloride, boron trifluoride, etc. (aluminium iodide itself was not 
employed), are effective in causing random redistribution of the alkyl groups in boiling mixtures 
of two R,M compounds (R = alkyl, M = Pb, Sn, Si, or Hg). These catalysts thus have the 
ability in themselves to cause fission of the M—R bond, and the action of aluminium iodide in 
facilitating the breaking of Si-C bonds may be directly dependent on this property. The 
initial step could be, for example, All, + SiR, ——> R,Si* + [AIRI,]~, followed by R,Si* + 
I, —> R,Sil + I*, [AIRI,]~- + It —> AIlI, + RI, and similar reactions. 
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Reactions of Alkylfluorosilanes with Aluminium Iodide.—In the expectation of preparing an 
organo-iodofiuorosilane, triethylfluorosilane was boiled with iodine in the presence of aluminium. 
The iodine disappeared much more slowly than in the reaction with tetraethylsilane, and 
considerably more aluminium was required. Triethyliodosilane was the only volatile product 
jsolated. Tri-n-propylfluorosilane similarly gave tri-n-propyliodosilane. It seemed likely that 
aluminium iodide was the effective reactant in these cases, and triethylfluorosilane, tri-n- 
propylfiuorosilane, and methyldi-n-propylfluorosilane were found to react with aluminium iodide 
(3:1 molecular ratio) to give triethyliodosilane, ti-n-propyliodosilane, and methyldi-n- 
propyliodosilane in good yield, according to the reaction, 3R,SiF + All, —->» 3R,Sil + AIF,,. 
Moreover, diisopropyldifluorosilane reacts with aluminium iodide (3 : 2 molecular ratio) to give 
diisopropyldi-iodosilane. This method of preparing alkyliodosilanes is probably capable of 
wide application, although dimethylethylfiuorosilane is not satisfactorily converted into the 
corresponding iodide in this way, possibly because of the low boiling point of this fluoride. 

The method recalls the observation of Sommer, Bailey, and Whitmore (J. Amer. Chem. Soc., 
1948, 70, 2869) that diethyl-2-chloroethylfluorosilane and aluminium chloride react to give 
diethyldichlorosilane, replacement of the fluorine having accompanied the usual removal of the 
2-chloroethyl group. In the present work it was found that tri-n-propylfluorosilane reacts with 
aluminium chloride to give a product which is probably mainly ¢i-n-propylchlorosilane. 
Lithium iodide does not react with triethylfluorosilane, indicating that the difference in solubility 
of the aluminium fluoride and of aluminium iodide and chloride may not be the essential cause of 
the reaction of the last two substances with organofluorosilanes, and that the reactions are not 
simple ‘“‘ ion-exchange” reactions. Probably steps of the type R,SiF + All, —> R,Si* + 
All,F- are al’ important. 

Properties of _ Alkyliodosilanes.—Triethyliodosilane, tri-n-propyliodosilane, methyldi-n- 
propyliodosilane, methyldissopropyliodosilane, diethyldi-iodosilane, and diisopropyldi-iodosilane 
were prepared. (Other alkyliodosilanes were undoubtedly formed, but were not obtained in a 
pure state.) All the iodides are strongly-fuming liquids of high density, colourless when first 
distilled but acquiring an iodine colour on storage, particularly in the light. The formation of 
free iodine is accelerated by surfaces, and addition of glass wool causes immediate blackening. 
The kinetics of the decomposition of triethyliodosilane in carbon tetrachloride, and of its 
formation from triethylsilane in this solvent, are being studied. Distillation of the iodides 
was usually carried out in a nitrogen atmosphere, although there appears to be no marked 
decomposition when this precaution is neglected. A sample of triethyliodosilane boiled at a 
remarkably constant temperature even on prolonged fractionation (with protection from light) 
in a column packed with glass helices. The trialkyliodosilanes are hydrolysed readily to the 
corresponding hexa-alkylsiloxanes. Diethyldi-iodosilane reacts very vigorously with water, 
to give a “ silicone ” gel; diisopropyldi-iodosilane is attacked more slowly. The iodides appear 
to react readily with Grignard reagents to give the normal products, 

Since monoiodosilane reacts with magnesium under the conditions of a Grignard reaction, 
with possible formation of a ‘‘ Grignard compound,”’ MgI*SiH, (Emeléus, Maddock, and Reid, 
J. 1941, 353), the action of magnesium on triethyliodosilane in ether was examined. No 
general reaction occurred, and the bulk of the triethyliodosilane was recovered after prolonged 
refluxing. Triethyliodosilane catalyses markedly the reaction of magnesium and iodine in 
ether; whilst this may indicate the transient formation of a “ Grignard” compound by the 
organoiodosilane, there is the possibility of the formation of small amounts of ethyl iodide (and, 
say, diethyldi-iodosilane) which would form ethylmagnesium iodide and so catalyse the main 
reaction and also re-form triethyliodosilane. Triethyliodosilane also reacted with magnesium 
in the absence of a solvent, but no evidence of the expected Si-Si bonds was found. 

Triethyliodosilane reacts immediately in the cold with mercuric oxide, forming mercuric 
iodide, and after boiling of the mixture a good yield of hexaethyldisiloxane is obtained (Shaw, 
B.P. 606,301, has. recently described the preparation of polysilicones by heating alkylchloro- 
silanes under reflux with metallic oxides). The alkyliodosilanes react with solid silver cyanide 
to give corresponding alkyl(iso)cyanosilanes as described below. Emeléus, Maddock, and Reid 
(loc. cit.) obtained ‘‘ silyl cyanide ” from the reaction between gaseous monoiodosilane and solid 
silver cyanide, and Anderson has prepared organosilicon isocyanates and isothiocyanates by 
interaction of the appropriate silver salt with alkylchlorosilanes in benzene (J. Amer. Chem. Soc., 
1949, 71, 1801; Forbes and Anderson, ibid., 1948, 70, 1222, and refs.). In the present work 
tri-n-propylchlorosilane was found not to react appreciably with solid silver cyanide. The 
action of other salts on alkyliodosilanes is being investigated. 

Alkyl(iso)cyanosilanes.—Triethyliodosilane, tri-n-propyliodosilane, and diethyldi-iodosilane 
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react with solid silver cyanide to give compounds believed to be the corresponding alkyliso- 
cyanosilanes. The chemical evidence available does not indicate whether these substances are 
organosilicon cyanides or organosilicon isocyanides, since both Si-CN and Si-NC bonds would 
presumably give cyanide ion on hydrolysis. On the basis of the fact that the compounds 
obtained boil a few degrees below the corresponding iodides, it is tentatively suggested (by 
analogy with organic cyanides, isocyanides and iodides) that they are actually isocyanides, 
Emeléus, Maddock, and Reid (loc. cit.), however describe the solid product from the reaction of 
gaseous monoiodosilane and silver cyanide as silyl cyanide, SiH,°CN. 

All three alkyl(iso)cyanosilanes prepared, viz., triethyl{iso)cyanosilane, tri-n-propyl|(iso). 
cyanosilane, and diethyldi(iso)cyanosilane, are obtained as colourless, non-fuming liquids, which 
set to white solids; only the last named, however, is solid at room temperature. They are 
rapidly hydrolysed by aqueous alkalis to give cyanide ion; solid diethyldi(iso)cyanosilane reacts 
with water with a sharp crack. With methylmagnesium iodide, diethyldi(iso)cyanosilane gives 
dimethyldiethylsilane, i.e., the Grignard reagent displaces the (iso)cyanide groups as it does 
halogens and does not add to the carbon-nitrogen multiple bond as it does with organic cyanides 
and isocyanides. Triethyl(iso)cyanosilane reacts with mercuric oxide to give hexaethyldisiloxane, 
When first obtained the alkyl(iso)cyanosilanes have an odour resembling that of acetonitrile, 
but on storage an odour of organic isocyanides develops; in both cases the smell probably 
arises from impurities. 

Preparative Methods.—Some interesting observations were made during preparations 
incidental to this investigation. 

Alkylfluorosilanes were prepared by passing silicon tetrafluoride into a Grignard reagent in 
ether (cf. Gierut, Sowa, and Nieuwland, J. Amer. Chem. Soc., 1936, 58, 897; Medox, J]. Gen. 
Chem. Russia, 1938, 8, 291; Medox and Kotelkov, ibid., 1937, 7, 2007; Gaeger and Dykstra, 
Z. anorg. Chem., 1925, 148, 233). Whereas (Gierut, Sowa, and Nieuwland, Joc. cit.) ethyl-, 
n-propyl-, »-butyl-, and m-amyl-magnesium chloride yield almost exclusively the corresponding 
trialkylfluorosilanes (with the exception of the first named, which gives also tetraethylsilane), 
it was found in the present work that tsopropylmagnesium chloride gives mainly diisopropyldi- 
fluorosilane (the first dialkyldifiuorosilane prepared from silicon tetrafluoride), along with some 
triisopropylfluorosilane. Gilman and Clarke (J. Amer. Chem. Soc., 1947, 69, 1499) have recently 
reported that isopropylmagnesium chloride will cause replacement of only two of the chlorine 
atoms of trichlorosilane, and that isopropyl-lithium will cause replacement of only three chlorine 
atoms of silicon tetrachloride, and have ascribed these effects to steric hindrance. The action 
of silicon tetrafluoride on Grignard reagents containing other groups which might cause steric 
hindrance is being examined. 

Sodium ethoxide in absolute alcohol was used to convert ditsopropyldifluorosilane and tri-n- 
propylfluorosilane into diethoxydtisopropylsilane and ethoxytri-n-propylsilane respectively, and 
this method (which has been applied to the preparation of other alkylethoxysilanes which will be 
described in a later communication) appears to be of general application. Emeléus and Robinson 
(J., 1947, 1592) prepared organoethoxysilanes by the action of dry sodium ethoxide on organo- 
chlorosilanes. 

The method of Flood (J. Amer. Chem. Soc., 1933, 55, 1735; cf. Di Giorgio, Strong, Sommer, 
and Whitmore, J. Amer. Chem. Soc., 1946, 68, 1380) has been applied to the preparation of 
dimethylethylfluorosilane from s-tetramethyldiethyldisiloxane, and of methyldi-n-propylfiuoro- 
silane and methyldiisopropylfluorosilane. 

Tetra-alkylsilanes have been obtained in good yield from alkylfluorosilanes and methyl- 
magnesium iodide. 


EXPERIMENTAL, 


(All b. p.s are corrected.) 


Analyses.—Alkyliodosilanes were analysed for iodine by adding a weighed sample to aqueous 
potassium hydroxide in a closed flask, setting the mixture aside for } hour, then adding small volumes 
of alcohol cautiously, and finally making up to a standard volume with alcohol. Aliquots were taken 
from a burette calibrated for alcohol solutions, and run into excess of water. Iodide ion was titrated 
against potassium iodate by the positive halogen method. 

Alkyl(iso)cyanosilanes were hydrolysed in the same way, and cyanide ion was titrated against silver 
nitrate by the turbidimetry method. (After an aliquot of the alcoholic solution had been run into water, 
time was allowed for the organosilicon material thrown out of solution to form into drops.) 

Alkylfluorosilanes were not analysed directly for fluorine, but aliquot volumes of an alcoholic solution 
were added (as soon as possible after the solution was made up, to avoid any reaction of hydrofluoric acid 
with the glass of the container) to excess of standardized alcoholic potash, and the excess of alkali was 
determined by dilution with water and titration against standard potassium hydrogen phthalate solution 
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(phenolphthalein). A layer of light petroleum was used to exclude atmospheric carbon dioxide during 
titration. The error is probably < 1%. ; 3 

Microanalyses.—Carbon and hydrogen were determined by Drs. Weiler and Strauss, Oxford. 

Molecular Weights.—These were determined by the Victor Meyer method. 

Densities—These were very roughly determined by measuring approximately the volume occupied 
by samples weighed for analysis. 

General.—Atmospheric moisture was excluded in all reactions involving organosilicon iodides, 
(iso)cyanides, and chlorides, and aluminium iodide and chloride by means of sulphuric acid bubblers, 
unless otherwise specified. 

All fractionations were carried out in a column 30” in length, packed with glass helices, lagged, and 
fitted with an electrically-heated jacket. At the reflux ratios used the total efficiency was probably 
> 12 theoretical plates. 

Reactions were carried out in all-glass apparatus, with the exception of those involving Grignard 
reagents. The latter were made and employed in the conventional three-neck flask fitted with dropping 
funnel, mercury-seal stirrer, and reflux condenser. 

Aluminium Iodide.—This was prepared from iodine and aluminium in a stream of nitrogen. Excess 
of aluminium was usually added to the fused material to remove any free iodine. Unless otherwise 

ified, the aluminium iodide thus contained a little (<1%) free aluminium. 

Silicon Tetrafluoride.—This was prepared by warming a mixture of sodium fluosilicate, silica, and 
concentrated sulphuric acid. 

Triethylsilane.—This was prepared (cf. Kraus and Nelson, J. Amer. Chem. Soc., 1934, 56, 195) by the 
addition of silicochloroform (0-67 mol.) in ether (200 ml.) to ethylmagnesium bromide (slightly > 2 mols.). 
The mixture was heated under reflux for 1 hour, and diluted sulphuric acid was added until two clear 
layers formed. The ethereal layer was washed, dried, and fractionated, to give triethylsilane (40—50 g., 
ca. 52—65%), b. p. 107°. 

Triethylfiuorosilane and Tetraethylsilane——The method of Gierut, Sowa, and Nieuwland (loc. cit.) 
was employed, except that after the reaction had been completed diluted sulphuric acid was added until 
two clear layersformed. The ethereal layer was washed, dried, and fractionated. Typical yields were : 
triethylfluorosilane, b. p. 109-0—109-5°, 30 g. (0-22 mol.), and tetraethylsilane, b. p. 153-0°, 42 g. (0-29 
mol.), from 218 g. (2 mols.) of ethyl bromide. 

Tri-n-propylfiuorosilane.—This was prepared by the method described for triethylfluorosilane. A 
typical yield was 50 g. (43%) of tri-n-propylfluorosilane, b. p. 174-0°/760 mm., from 2 mols. of 
n-propylmagnesium bromide. 

Diisopropyldifiuorosilane and Triisopropylfluorosilane.—Silicon tetrafluoride was passed into iso- 
propylmagnesium chloride (from 2 mols. of tsopropyl chloride) in ether (500 ml.) for 6 hours (i.e., for 1 
hour after the ether had ceased to reflux). The mixture was heated under reflux for 1 hour, and 10% 
sulphuric acid was added until two clear layers formed. The ethereal layer was washed, dried, and 
fractionated, to give diisopropyldifiuorosilane (42 g., 0-27 mol.), b. p. 100-7—100-8°/742 mm., ??* 1-3662 
(Found: F, 24-8, 24-7; M, 158, 154. C,H,,SiF, requires F, 24-95%; M, 152), and triisopropylfluoro- 
silane (13 g.), b. p. 169-0°/742 mm., n}f® 1-4200 (Found: F, 10-9, 10-99%; M, 177, 182. C,H,,SiF 
requires F, 10-89%; M, 176). 

Diethoxydtisopropylsilane.—Diisopropyldifiuorosilane (10 g.) was added to a solution prepared by 
dissolving sodium (2 g.) in absolute alcohol (40 ml.). The mixture was poured slowly through a layer of 
light petroleum (b. p. <40°) into water. The light petroleum layer was washed, dried, and distilled, to 
give diethoxydiisopropylsilane (6 g., 45%), b. p. 186—187°/760 mm., n?#* 1-4130 (Found: C, 59-2; H, 
11-7. CygH,,SiO, requires C, 58-8; H, 11-8%). The yield of impure material (b. p. 184—189°) was 
ca. 85%. 

Methyliri-n-propylsilane.—(a) Tri-n-propylfluorosilane (17-6 g., 0-1 mol.) in ether (30 ml.) was added 
to methylmagnesium iodide (ca. 0-14 mol.) in ether (40 ml.). Heating under reflux on a bath for 1 hour 
was followed by the addition of sulphuric acid (10%). The ethereal layer was repeatedly washed with 
aqueous potassium hydroxide and then with water, dried, and fractionated, to give methyliri-n-propyl- 
silane (14 g., 83%), b. p. 183-0°/760 mm.,nj** 1-4290 (Found: C, 69-5; H, 14:1. C, H,,Si requires 
C, 69-7; H, 14-05%). 

(b) Silicon tetrafluoride was passed into m-propylmagnesium bromide (2 mols.) in ether (500 ml.) until 
two layers separated. After 1 hour’s stirring, methylmagnesium iodide (0-67 mol.) in ether (350 ml.) 
was added. The mixture was heated under reflux for 4 hours, and after the addition of excess of dilute 
sulphuric acid the ethereal layer was repeatedly washed with aqueous potassium hydroxide and then with 
water. After drying, fractionation gave methyltri-n-propylsilane (58 g., 50%), b. p. 182-7°/747 mm. 

Dimethyldiisopropylsilane.—Diisopropyldifluorosilane (36 g.) in ether (50 ml.) was added to methyl- 
magnesium iodide (0-75 mol.) in ether (180 ml.) during 4 hour. Vigorous stirring for a further } hour was 
followed by } hour’s heating under reflux. Dilute sulphuric acid was added, and the ethereal layer was 
washed with aqueous potassium hydroxide and with water, dried, and fractionated, to give dimethyldi- 
isopropylsilane (27 g., 80%), b. p- 141-0—141-3°/760 mm. n} 1-4198 (Found: C, 67-0; H, 14-4. 
C,H,,Si requires C, 66-6; H, 14-0%). 

Dimethyldiethylsilane and s-Tetvamethyldiethyldisil .—Dimethyldichlorosilane (110 g.) in ether 
(100 ml.) was added to ethylmagnesium bromide (2 mol.) in ether (500 ml.) during } hour. After 1 hour’s 
vigorous stirring of the mixture, dilute sulphuric acid was added, and the ethereal layer was dried and 
fractionated, to give dimethyldiethylsilane (41 g.), b. p. 94-8—95-0°/752 mm., and s-tetramethyldiethyl- 
yoo gs g.), b. p. 150°5°/750 mm., m}P 1-4028 (Found: C, 50-75; H, 11-7. C,H,,Si,O requires 

, 50-5; H, 11-6%). 

In a second experiment, in which addition of the dimethyldichlorosilane was followed by boiling 
p ver panes for 1 hour, 46 g. of dimethyldiethylsilane and 30 g. of s-tetramethyldiethyldisiloxane were 
obtained. 

_ _Methyltriethylsilane.—Triethylfluorosilane (25 g.) in ether (20 ml.) was run into methylmagnesium 
iodide (ca. 0-25 mol.) in ether (60 ml.) at such a rate as to maintain gentle reflux. The addition took 4 
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hour, and stirring for a further 4 hour was followed by addition of 10% sulphuric acid. The ethereal} 
layer was washed with aqueous potassium hydroxide, dried, and fractionated. Methyltriethylsilane 
(21 g., 88%), b. Pp. 126-8°/760 mm. was obtained. 

Phenyltrimethylsilane.—Phenylmagnesium bromide (0-34 mol.) in ether (150 ml.) was added to silicon 
tetrachloride (60 g.) in ether (100 ml.) during 4 hour. The mixture was heated under reflux for 1 hour 
and then methylmagnesium iodide (1-5 mols.) in ether (450 ml.) was run in during } hour. The mixture 
was boiled under reflux for 6 hours. Sulphuric acid (10%) was added to give two clear layers, and the 
ethereal layer was dried and fractionated, to give trimethylphenylsilane (13 g., 25%), b. p. 171-5°/752 mm, 

Dimethylethylfluorosilane.—s-Tetramethyldiethyldisiloxane (42 g.) was dissolved in concentrated 
sulphuric acid (100 ml.) with cooling, and ammonium fluoride (50 g.) was added, with cooling and 
vigorous stirring, at such a rate that the temperature was kept below 15°. Addition took # hour, and 
stirring was continued for a further } hour. The mixture was added to ice, and the upper layer was 
washed, dried (Na,SO,), and fractionated. Dimethylethylfiuorosilane (35 g., 75%) boiled at 49-8°/742 mm., 
njP 1-3568 (Found: F, 17:6, 18:0%; M, 108, 110. C,H,,SiF requires F, 17-°9%; M, 106). The 
fluoride has a pleasant, sweet odour. 

Methyldi-n-propylfluorosilane.—Tetraethoxysilane (104 g., 0-5 mol.) was added quickly to a solution 
of n-propylmagnesium bromide (ca. 1-3 mols.) in ether (500 ml.). The mixture was stirred for ? hour 
and boiled under reflux for 8 hours. Methylmagnesium iodide (1 mol.) in ether (250 ml.) was added 
during } hour, and the mixture was boiled under reflux for 4 hours. Sulphuric acid (ca. 15%) was added 
until two clear layers formed, and vigorous stirring was maintained for 4 hour (to hydrolyse any Si-OEt 
bonds present). The ethereal layer was washed, dried, and distilled. The liquid boiling at 240—255° 
(ca. 55 ml.) was dissolved, with cooling, in concentrated sulphuric acid (200 ml.), and ammonium fluoride 
(70 g.) was added, with cooling and vigorous stirring, at such a rate that the temperature was kept below 
35°. The addition took }$ hour, and stirring was continued for a further 4 hour. The mixture was 
poured on ice, and the upper layer was washed, dried (Na,SO,), and fractionated, to give methyldi-n- 
eg oy (44 g., 60% on tetraethoxysilane taken), b. p. 130-2°/760 mm., nm}? 1-3942 (Found: 

, 13-0, 18-:0%; M, 146, 142. C,H,,SiF requires F, 12-8%; M, 148). The fluoride has a pleasant, 
sweet odour. 

a ype pe ip (3 g.) was dissolved in dried ethyl alcohol (70 ml.), and tri-n- 
propylfluorosilane (21 g.) wasadded. After 10 minutes, light petroleum (b. p. <40°; 50 ml.) was added, 
and the precipitate was allowed to settle. Water (400 ml.) was added, and the light petroleum layer 
was shaken several times with water, dried, and distilled. After removal of the solvent almost all the 
residue distilled at 201—205°, with the bulk at 203°. Redistillation of the middle fraction (15 g.) gave 
ethoxytri-n-propylsilane (10 g., 42%), b. p. 203-0°, m}8* 1-4288 (Found: C, 65-6; H, 12-8. C,,H,,SiO 
requires C, 65-3; H, 129%). The yield of unpurified material (b. P. 201—205°) was almost theoretical, 

Tri-n-propylchlorosilane.—Tri-n-propylethoxysilane (7 g.) was added to acetyl chloride (16 ml.). No 
visible reaction took place on mixing. After 10 minutes’ gentle boiling, excess of acetyl chloride was 
distilled off. The residue boiled at 200—204°. Redistillation gave tri-n-propylchlorosilane (6-5 g., 85%) 
b. p. 202-0°, ni®5 1-442 (Found: C, 56-5; H, 11-2; Cl, 186. C,H,,SiCl requires C, 56-1; H, 11-0; 
Cl, 184%). The liquid does not fume in the air, but fumes are detectable when aqueous ammonia is 
brought near; it reacts relatively slowly with water, and rapidly with alcohol. 

Triethyliodosilane.—Triethylsilane (22 g.) was added dropwise to iodine (48 g.) contained in a 250-ml. 
three-neck flask fitted with dropping funnel, nitrogen inlet, and a reflux condenser with a calcium chloride 
tube at its exit. Gentle reflux was maintained by the heat of reaction during the addition (} hour), and 
much hydrogen iodide was evolved. When addition was complete the mixture was boiled under reflux 
for a further } hour, with carefully-dried nitrogen bubbling through the liquid to carry off hydrogen 
iodide. Further triethylsilane (ca. 1 g.) was added to remove the remaining iodine, and refluxing, with 
passage of nitrogen, was continued for } hour. After the addition of a little magnesium powder, the 
liquid was fractionated in a column pre-flushed with nitrogen, with protection from light. Triethyl- 
iodosilane (41 g., 85%) boiled (constantly) at 190-5°/744 mm. (Found: C, 30-0; H, 6-4; I, 52-8. C,H,,Sil 
requires €, 29-75; H, 6-2; I, 52-4%). The density of the liquid is ca 1-4. 

Action of Aluminium Iodide on Tetvaethylsilane.—(a) Aluminium iodide (30 g., 0-073 mol.) was 
boiled with anhydrous benzene (90 ml.). Tetraethylsilane (10 g., 0-07 niol.) was added, and the mixture 
was boiled under reflux for 2 hours. Water was carefully added, with ice-cooling, and the benzene layer 
was washed, dried, and distilled. Hexaethyldisiloxane (8-0 g., ca. 90%), b. p. 230—234°, m}? 1-4345, 
was obtained. 

(b) Aluminium iodide (22 g., 0-054 mol.) was boiled under reflux with tetraethylsilane (7-2 g., 0-05 
mol.) for 3 hours. On distillation of the mixture in nitrogen, tetraethylsilane (6-4 g.), b. p. 152—154°, 
was recovered, no liquid of higher boiling point being obtained. 

Action of Iodine with Aluminium or Draniiien Iodide on Tetraethylsilane.—These reactions were 
carried out in a nitrogen atmosphere. (a) Ina typical experiment, aluminium powder (0-2 g.) and iodine 
(2 g.) were added to tetraethylsilane (14-4 g.). The iodine was used in 20 minutes’ boiling under 
reflux. Further 2-g. portions of iodine were used in a few minutes’ boiling. When the calculated 
amount of iodine (25-4 g.) had been used up (total time, 14 hours), the mixture was distilled, to give 
ethyl iodide (14-5 g., 95%), b. p. 70—74°, and triethyliodosilane (16 g., 65%), b. p. 186—191°. A little 
triethylfluorosilane was added to the triethyliodosilane (to remove aluminium iodide), and redistillation 
gave 14 g., b. p. 187—191° (Found: I, 52-8. Calc. for C,H,,SiI: I, 52-4%). Hydrolysis by aqueous 
potassium hydroxide, followed by the usual treatment with ammonium fluoride in concentrated sulphuric 
acid, gave triethylfiuorosilane (6 g.), b. p. 107—110°, n}?* 1-3915. 

(6) In a similar experiment with aluminium iodide (0-2 g.) along with the aluminium, the first 2 g. of 
iodine were used in ca. 5 minutes’ boiling, and the reaction proceeded as before. 

(c) In an experiment with aluminium iodide alone as catalyst, iodine (2 g.) and aluminium iodide 
(0-4 g., containing a small amount of free iodine) were added to tetraethylsilane (7-2 g.). The iodine was 
used in a few minutes’ boiling. The remaining iodine (10-7 g.) was added in 2-g. portions as it was 
used, ethyl iodide being distilled off continuously from the top of the reflux air-condenser. Reaction 
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was complete in # hour. Ethyl iodide (7-2 g., ca. 90%) and triethyliodosilane (9-6 g., 77%), b. p. 187— 
191° were obtained. Hydrolysis followed by fluorination gave triethylfluorosilane (ca. 3-5 g.), b. p. 

—110°. 

Padi of Iodine with Aluminium Iodide on Triethyliodosilane.—(a) In an early experiment, tetra- 
ethylsilane (14-4 g., 0-1 mol.) was boiled under reflux with aluminium powder (0-2 g.) and iodine was added 
in 2-g. portions, as used. After 15 g. of iodine had been used, and again after 25 g. had been used, 
ethyl iodide was distilled off (total ethyl iodide, ca. 7-5 ml.). Further additions of iodine were made, 
and, with additions of aluminium powder from time to time, 37 g. (ca. 0-15 mol.) of iodine had been used 
in a total of 5 hours. After 50-8 g. (0-2 mol.) of iodine had been used (9 hours, a total of ca. 1-4 g. 
of aluminium having been added) the liquid was distilled off, all distilling at 98—102°/17 mm. On 
redistillation, the bulk (25 g.) distilled at 217—-224°/760 mm., with 12 g. at 220—-221°. The 220—221° 
fraction was redistilled, to give diethyldi-iodosilane, b. p. 85°/15 mm., 220—221°/760 mm. (d ca. 1-9). 
(Found: C, 13-9; H, 3-0; 1, 75-2. 4H, Sil, requires C, 14-1; H, 3-0; I, 74-7%). Yield of unrefined 
material, 70%. Some of the material of wir 217—224° (20 g.) was added slowly to a solution of methyl- 
magnesium iodide (0-2 mol.) in ether (50 ml.). Reaction was vigorous, and two layers formed quickly. 
After } hour’s vigorous stirring, 10% sulphuric acid was added, and the ethereal layer was washed, 
shaken with mercury to remove iodine, dried, and distilled, to give dimethyldiethylsilane (6-1 g., 87%), 
b. p. 93—97°. 

Ys) Triethyliodosilane (42 g., 0-174 mol.) was boiled under reflux with iodine (22 g., 0-087 mol.) and 
aluminium iodide (ca. 0-5 g.). Aluminium iodide (total, ca. 1-5 g.) was added from time to time as the 
reaction slowed down, as indicated by decrease in the rate of gas evolution. After 2} hours, gas evolution 
ceased and the liquid became colourless. Distillation in nitrogen _— 54 g. (90%) of material boiling 
at 216—223°. Redistillation in nitrogen, after the addition of a little triethylfluorosilane, gave 
diethyldi-iodosilane (40 g.), b. p. 219—-222° (Found ;: I, 75-1%). 

(c) The exit from the reflux condenser was connected through a sulphuric acid bubbler to a cylinder 
in which gas could be collected over water. Triethyliodosilane (12 g., 0-05 mol.) was boiled with alumin- 
jum iodide (0-4 g.) until escape of gas caused by expansion had ceased, and iodine (6-3 g., 0-025 mol.) 
was added. The iodine was used in 1} hours’ boiling, and 590 ml. (N.T.P.) of gas were collected. 
(0-025 Mol. of hydrocarbons would occupy 560 ml. The gas was heavier than air, and burned with a 
quiet, — a depositing no silica or iodine.) Distillation gave diethyldi-iodosilane (14-5 g., 85%), 
b. p. 217— . 

vedio of Iodine with Aluminium Iodide (or Aluminium) on Other Tetva-alkylsilanes.—(Iodine 
was usually added in several portions to a reaction mixture, a further amount being added 
only after the disappearance of the colour of the previous portion.) (a) On methyltri-n-propyl- 
silane. Connection was made from the top of the reflux air-condenser to a water-cooled condenser 
and a receiver, and then, through a sulphuric acid bubbler, to a gas-collecting cylinder (collection 
over water). Iodine was added in approx. 6-g. lots to boiling methyltri-n-propylsilane (34-5 g., 
0-2 mol.) containing aluminium iodide (0-2 g.). After 20 minutes, aluminium powder (0-3 g.) was 
added, because the reaction had slowed down, as indicated by the decrease in the rate of gas evolution. 
After 1} hours 25-5 g. (0-1 mol.) of iodine had been used, and 3-5 g. of n-propyl iodide and 1-41. of 
gas (of properties similar to those described for the gas from the diethyldi-iodosilane preparation above) 
had been collected. Further iodine (3 g.) was added to replace that used by the propyl iodide, and 
that lost. by reaction with the aluminium. All the iodine had been used in a total reaction time of 
1} hours, and ca. 4-5 g. of propyl iodide and 1700 (+ 150) ml. of gas had been collected. On distillation 
in nitrogen, all the liquid boiled between 190° and 237°, with ca. 9 ml. at 190—-220° (methyldi-n-propyl- 
iodosilane boils at 200—204°) and ca. 25 ml. at 225—-236° (tri-n-propyliodosilane boils at 235°). The 
distillate was shaken with concentrated aqueous potassium hydroxide until free iodine had been removed, 
and the upper layer was washed, separated, and added to concentrated sulphuric acid (100 ml.), with cooling. 
Ammonium fluoride (35 g.) was added, with cooling and vigorous stirring during 4 hour (temperature 
kept <35°) and the mixture was stirred for a further } hour. It was then poured on ice, and the upper 
layer was washed, dried (Na,SO,) and fractionated. Hexa-n-propyldisiloxane (ca. 6 ml.), which had 
been used to wash the sodium sulphate, was employed as a “ chaser.’’ Methyldi-n-propylfiuorosilane 
(8-5 g., 0-0574 mol.) distilled at 130—132°, n}§* 1-3936 (slightly impure), and tri-n-propylfiuorosilane 
(20 g., 0°114 mol.) distilled at 175-0°, ?° 1-4118, with 3 g. of liquid at 132—174°. Mol. ratio, 
Pr,MeSiF : Pr,SiF = 1: 2-0. 

(b) On dimethyldiethylsilane. (i) Iodine (60 g., 0-236 mol.) was added in 10-g. portions to boiling 
dimethyldiethylsilane (33 g., i.e., excess) containing aluminium (0-2 g.) and aluminium iodide (0-2 g.). 
Liquid of b. p. <70° was allowed to distil off from the top of the reflux condenser from time to time. In 
3 hours all the iodine had been used up, ca. 18 ml. of low-boiling liquid had distilled off, and a little gas 
{(<200 ml.) had been evolved. The residue (ca. 45 g.) was distilled in nitrogen from 130—190°. 
Fractionation of the low-boiling liquid gave 0-5 ml. of b. p. 26—28° (tetramethylsilane formed by 
redistribution ?), methyl iodide (20 g.), b. p. 40—41°, and ethyl iodide (10-2 g.), b. p. 71—73°, with ca. 
2 g. of liquid at 41—55°, and ca. 2 g. at 50—68°. Ifthe 41—55° fraction is assumed to be mainly methyl 
iodide, and the 55—68° fraction ethyl iodide, MeI : EtI = 22:12 g. = 0-155: 0-077 mol. = 2:1 mol. 
The 130—190° distillate was fractionated; the only constant-boiling product distilled at 169° (6 g.) 
and had an iodine content of 58-8% (Calc. for Et,MeSil : 55-6%). The whole of the distillate of. b. p. 
130—190° was hydrolysed with aqueous potassium hydroxide, and the product was fluorinated in 
concentrated sulphuric acid in the usual way. The sulphuric acid solution was feney on ice, the 
organosilicon material was extracted with toluene, and the toluene layer was dried and fractionated. 
Dimethylethylfluorosilane (2 g.) boiled at 50—651°/574 mm. and had mn}? 1-3582 (impure). Liquid 
(4-5 g.) boiling at 80—82°/754 mm. and having nly 1-3820, was probably methyldiethylfiuorosilane. 
The low yield of alkylfluorosilanes is attributed to the solubility of the corresponding siloxanes (or silanols) 
in the strong alkali used for hydrolysis. (ii) In a similar experiment involving dimethyldiethylsilane 
(22 g.), iodine (48 g.), and aluminium (0-3 g.), methyl iodide (16-0 g.) and ethyl iodide (9-5 g.) were 
obtained (mol. ratio, 1-85: 1). A fraction (5 g.), b. p. 136—144°, contained 58-4% of iodine (Calc. for 
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EtMe,Sil : 59-3%), and a fraction, b. p. 161—166° (8 g.) contained 56-8% of iodine (Calc. for Et,MeSir : 
55-6%). : 

(c) On methyliriethylsilane. (i) Iodine (52 g.) was added in ca. 5-g. B pte to boiling methyltri- 
ethylsilane (30 g.; excess) containing aluminium iodide (ca. 1 g.). Liquid was allowed to distil off from 
the top of the reflux condenser from time to time. There was no gas evolution during refluxing. Ajj 
the iodine had been used in 24 hours, and liquid was then allowed to distil off from the top of the 
condenser up to 105° (total wt. of low-boiling liquid, 29 g.). This liquid was fractionated, with bromo- 
benzene as “ chaser,’ to give methyl iodide (10-2 g., 0-072 mol.) and ethyl iodide (16-5 g., 0-105 mol.), 
The main residue of alkyliodosilanes was shaken with excess of aqueous potassium hydroxide, and the 
hydrolysis product was dried, added to concentrated sulphuric acid (100 ml.), and fluorinated in the 
usual way, the temperature being kept below 20°. Fractionation of the product gave 5 g. of liquid 
b. p. 81—83°, nZ! 1-3738 (probably impure methyldiethylfluorosilane), and triethylfiuorosilane (9 g.), 
b. p. 109°, n}? 1-3915. The yield of triethylfluorosilane agrees with that expected from the amount of 
methyl iodide formed. The low yield of methyldiethylfluorosilane probably arises from the solubility 
of the hydrolysis product of methyldiethyliodosilane in the strong alkali used to effect hydrolysis. (i) 
In a separate experiment, in which iodine (34 g.) was added to methyltriethylsilane (18 g.) containing 
aluminium powder (0-2 g.) and aluminium iodide (0-2 g.), the iodine was used in 2 hours, and distiJ- 
latidn gave 16 g. of liquid boiling below 80°, 18 g. at 125—180°, and 12 g. at 184—195°. Hydrolysis 
and fluorination of the liquid boiling above 125° gave, on distillation, 3-5 g. of liquid, b. p. 79—85°, and 
triethylfluorosilane (6-5 g.), b. p. 107—109°. 

(d) On dimethyldiisopropylsilane. lodine was added in ca. 4-g. portions to boiling dimethyldiiso- 
propylsilane (21 g.) containing aluminium iodide (1 g.). There was a definite gas evolution, but this 
could not be conveniently measured because liquid (b. p. 45°) was allowed to distil off from the top of 
the reflux condenser from time to time. After 28 g. of iodine had been used (14 hours), a further 
3 g. did not disappear completely on } hour’s boiling, but further dimethylditsopropylsilane (1 g.) removed 
the colour in a few minutes. [If it is assumed that the slowing of the reaction coincided with the 
formation of the maximum amount of trialkyliodosilanes, then ca. 31 g. (0-122 mol.) of iodine were 
required to displace 0-153 mol. of alkyl group from 22 g. (0-153 mol.) of dimethyldiisopropylsilane; 
thus, 0-056 mol. of the tetra-alkylsilane has reacted to give gas, and the yield of alkyl iodides should be 
ca. 0-091 mol.}] All the liquid removed from the top of the condenser boiled, on redistillation, at 43—44°, 
and was methyl iodide (12-5 g., 0-088 mol.). The residue from the reaction was distilled to give 6 g. of 
a liquid, boiling at 140—194°, and 32 g. at 194—-201°, with the bulk (20 g.) at 198—201°. The 198—201° 
fraction was boiled for } hour with tri-n-propylfluorosilane (1 g.) to remove any aluminium iodide, and 
redistilled to give poe Oe Pepe (18 g.), b. p. 200—201° (Found: I, 49-8. C,H,,Sil 
requires I, 49-6%). Most (25 g.) of the product of the main reaction boiling between 194° and 201° was 


hydrolysed with aqueous potassium hydroxide; the hydrolysis product was dissolved in concentrated 
sulphuric acid (100 ml.) and fluorinated with ammonium fluoride (35 g.), the temperature being kept 


below 35°. The product was separated in the usual way, and on fractionation, with tri-n-propyl- 
fluorosilane as ‘“‘ chaser’’, gave methyldiisopropylfluorosilane (10 g., 68%), b. p. 124-5°/760 mm., nj 
1-3958 (Found: F, 12-9, 12-7%; M, 144. C,H,,SiF requires F, 12-9%; M, 148). The liquid, as 
obtained, had a slight pink colour, but this was removed by shaking it with antimony powder, followed 
by redistillation, without appreciable change in b. p. or refractive index. 

(e) On phenyltrimethylsilane. lLodine (13-5 g.) was added in 2-g. portions to boiling phenyltrimethyl- 
silane containing aluminium (0-2 g.) and aluminium iodide (0-1 g.). All the iodine was used in 30 
minutes. Distillation in nitrogen gave 8-5 g. of liquid boiling at 106—120°, and 7 ml. at 180—190°. 
The latter fraction was washed with alkali, followed by water, dried, and redistilled. Iodobenzene 
(10 g., 92%) boiled at.184—188°, having m}? 1-6180. Of the 106—120° fraction, a sample of b. p. 
106—110° contained only 58% of iodine, and a sample at 110—120° contained 63-0% of iodine (Calc. 
for Me,Sil: 63-4%. Its b. p. is 106-5°; Pray et al., loc. cit.). There was insufficient of the crude 
trimethyliodosilane to attempt purification. The samples obtained reacted with water much more 
vigorously than did triethyliodosilane. 

Reaction of Alkylfiuorosilunes with Aluminium + Iodine.—(a) Triethylfluorosilane. Iodine was 
added in 2-g. portions to boiling triethylfluorosilane (14 g.) containing aluminium powder (0-4 g.). 
After ca. 6 g. of iodine had been used, addition of a little more aluminium from time to time (total wt. 
ca. 1-2 g.) was necessary to remove the colour of more iodine. In7 hours, 13 g. of iodine had been used. 
The liquid was distilled off from the grey solid which had formed; 21 g. distilled at 75—80°/17—20 
mm. On redistillation, triethyliodosilane (18 g., 75%) distilled at 190—191°/755 mm. (Found: I, 
53-1%). Treatment with methylmagnesium iodide (excess) in the usual way gave methyltriethylsilane, 
(5 g., 77%), b. p. 125°—128°/760 mm., nm}? 1-4168. 

(b) Tri-n-propylfluorosilane. lLodine (7 g.) was added in 3 portions to boiling tri-n-propylfluorosilane 
(10 g.) containing aluminium (0-5 g.). The iodine was used in 1 hour. The liquid was boiled for a 
further 1} hours and then distilled. The bulk of the liquid (12 g.) boiled at 228—235°, with #ri-n- 
Ng Cm age (7-5 g., 46%) (constant) at 235°, d ca. 1-2 (Found: I, 44-4. C,H,,Sil requires I, 44-7%). 

e identity of the compound was confirmed by its reaction with silver cyanide (see below). 

Reaction of Alkylfluorosilanes with Aluminium Iodide.—(a) Triethvifiuorosilane. This (10 g.) was 
added to aluminium iodide (9-5 g.). Heat was developed during the addition. The liquid was heated 
under reflux for 1 hour and then distilled in nitrogen. No liquid boiled below 182°, and triethyliodosilane 
(10 g., 59%) boiled from 186 to 192°. A sample boiling at 189—191° contained 52-2% of iodine. 

(b) Tri-n-propylfiuorosilane. Tri-n-propylfiuorosilane (10 g.) was boiled with aluminium iodide 
(7-5 g.) for 4 hour. The liquid was distilled off in nitrogen; all distilled at 226—234°. Redistillation, 
after addition of a little tri-n-propylfluorosilane, gave tri-n-propyliodosilane (11 g., 70%) at 231—234° 
(Found: I, 452%). The whole of the iodide available (b. p. 225—235°; 13-0 g.) was shaken several 
times with water, dried, and distilled, to give hexa-n-propyldisiloxane (6 g., 76%), b. p. 282—286°. 

(c) Methyldi-n-propylfluorosilane. Methyldi-n-propylfluorosilane (14 g.) was boiled with coarsely- 
powdered aluminium iodide (13-6 g.). In the first oo minutes’ boiling a bulky finely-divided solid 
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(aluminium fluoride) was formed. After 4 hour, further methyldi-»-propylfiuorosilane (3 g.; excess) 
was added and boiling was continued for 20 minutes. Distillation gave 4 ml. of liquid, b. p. 130—145° 
(mainly the excess of methyldi-n-propylfiuorosilane) and 13 g. of liquid, b. p. 195—-205°. Redistillation 
of the latter fraction, after addition of a little methyldi-n-propylfiuorosilane, gave gg ee ie 
jodosilane (5 g., 25%), b. p. 200—204° (Found: I, 49-5. C,H,,Sil requires I, 49-6%). The yield of 
the impure iodide (b. p. 1 205°) was 12-5 g. (50%); this material was added to red mercuric oxide 
(8 g.), an immediate reaction occurring with development of heat and formation of mercuric iodide. 
The liquid was boiled under reflux for } hour. Distillation gave ca. 2-5 g. of liquid, b. p. 245—256° 
(probably impure s-dimethyltetra-n-propyldisiloxane). 

(d) Diisopropyldifiuorostiane. Ditsopropyldifiuorosilane (8 g.) was boiled with aluminium iodide 
(17 g.) in a nitrogen atmosphere. After 1 hour, further diisopropyldifiuorosilane (2 g.) was added, and 
boiling was continued for 1 hour. On distillation in nitrogen, all the liquid (18 g.) boiled at 235—256°, 
with the bulk (14 g.) at 246—254°. Redistillation, after the addition of a little ditsopropyldifiuorosilane, 
gave diisopropyldt-todosilane (8 g., 33%), b. p. 252 254°, d ca. 1-8 (Found: I, 69-4. C,H,,Sil, requires 
I, 690%). The liquid, b. p. 246—256° (14 g., 55%), was added to absolute alcohol (30 ml.) containing 

idine (10 ml.), with cooling in a solid dioxide—acetone bath. (Much heat was developed, although the 
reaction of this organosilicon iodide with alcohol alone is not particularly vigorous.) Pyridine hydriodide 
(ca. 14 g.; after drying) was filtered off, and the filtrate was added slowly to water through a layer of 
light petroleum (b. p. <40°). The light petroleum layer was washed with water, dried, and distilled, to 
give diisopropyldiethoxysilane (4 g., 53%), b. p. 185—188°, njf* 1-4162. 

(e) Dimethylethylfiuorosilane. Aluminium iodide (13-6 g.) was added to dimethylethylfluorosilane 
(11 g.). Heat was developed and the liquid refluxed for a short time without external heating. The 
mixture was heated under reflux for 6 hours in a nitrogen atmosphere. Distillation in nitrogen gave 
unchanged dimethylethylfiuorosilane (4 g.), b. p. 49—52°, and 6 g. of liquid, b. p. 130—138°. The 
fraction, b. p. 134—136°, contained 59-3% of iodine (Calc. for Me,EtSiI : 59-3%). When this experi- 
ment was repeated, however, with 18 hours’ boiling in an attempt to effect the complete reaction, 
dimethylethylfluorosilane (3 g.) was recovered, and the residue (17 g.) distilled at 130—153°. The 
136—138° fraction (3 g.) contained only 56-1% of iodine; a fraction (6 g.) boiling at 148—153° contained 
59-3% of iodine. , 

ion of Lithium Iodide on Triethylfluorosilane.—Lithium iodide (10 g.; dried by fusion at 20 mm., 
with connection to a trap cooled to —80°) was coarsely ete pa and added to triethylfluorosilane 
(10 g.). A thermometer in the liquid boiling under reflux showed no appreciable change in b. p. during 


Shours. After this time the solid was filtered off and found to be completely soluble in water (i.¢e., no 
lithium fluoride was present). The filtrate (which did not fume) was washed with water, dried, and dis- 
tilled, to give unchanged triethylfluorosilane (8 g.), b. p. 107—110°, n}§ 1-3920. 

Action of Aluminium Chloride on Tri-n-propylfluorosilane.—Tri-n-propylfiuorosilane (9 g.) was added 
to coarsely-powdered aluminium chloride (2-2 g.). Heat was developed on mixing. The liquid was 


boiled gently under reflux, much gas being evolved. This gas fumed in the air and burned with a smoky, 
green-tipped flame. When gas evolution had ceased (} hour), the liquid was distilled. The bulk (6-5 g.) 
boiled at 199—-204°/770 mm. The fraction, b. p. 202—204°, njf® 1-435, gave 17-0% of Cl’ on hydrolysis 
and was evidently impure tri-n-propylchlorosilane (b. P. 202°; mi$5 1-442; Cl, 18-4%). 

Action of Magnesium on Triethyliodosilane.—(a) In ether. A mixture of triethyliodosilane (14 g.), 
ethyl ether (30 ml.), and magnesium turnings (1 g.) was boiled under reflux for 18 hours, after addition 
of methyl iodide had produced a cloudiness but failed to induce general reaction. After a further 48 
hours at room temperature, the liquid was decanted from the magnesium (which had bécome coated 
with a white powder), and the ether was distilled off. A white solid was left in the liquid residue. This 
residue boiled at 175—198°, with 11 g. at 186—194°. Hydrolysis, to give hexaethyldisiloxane, b. p. 
230—236°, confirmed that the 186—194° fraction was mainly unchanged triethyliodosilane. The white 
solid residue from the distillation was soluble in water with evolution of heat, and did not burn or melt, 
but gave iodine when heated, and was probably magnesium iodide (which may result from reaction of 
the alkyiodosilane with the solvent). 

In a second experiment, the same quantities of materials were employed, and after being heated for 
a similar length of time the whole of the liquid was decanted and treated with dilute sulphuric acid. 
The ethereal layer was quickly separated, dried, and distilled, to give 2 ml. of liquid, b. p. 160—225°, 
and 5 ml., b. p. 225—235°, mn]? 1-4345 (impure hexaethyldisiloxane). None of the fractions gave gas 
with alcoholic alkali. 

The initial bubbling which always occurred when triethyliodosilane was added to magnesium in ether 
was shown to arise from an impurity in the ether, by allowing the bubbling to die away and then adding 
a further volume of ether which caused bubbling to recommence. The ether (a commercial product, 
“ Distilled from sodium ’’) presumably contained small amounts of water or alcohol. 

(b) Triethyliodosilane (13 g.) was boiled under reflux with magnesium (1-6 g.) for 25 hours, with no 
protection from the light. A white powder separated. On distillation, the b. p. rose steadily from 
194—215°; the liquid of b. p. 194—197° (3 ml.) was of too low density (ca. 1-2) to be unchanged 
triethyliodosilane. After being shaken with water, none of the fractions gave gas with alcoholic alkali. 
ie a powder (probably magnesium iodide) was dissolved in water, leaving unchanged magnesium 

4g.). 

_ Action of Iodine on Triethyliodosilane and Magnesium in Ethery.—When iodine was added to triethyl- 
iodosilane (11 g.) and magnesium in ether (35 ml.) a vigorous reaction began. Iodine and magnesium 
were added from time to time, with renewed reaction on each addition, but when 25 g. of iodine and 
2-4g.of magnesium had been consumed addition was discontinued. On cooling, much solid separated 
in transparent crystals, which were soluble in water with evolution of heat, leaving no residue. Water 
was added carefully to the reaction mixture, and the ethereal layer was washed with alkali, dried, and 
distilled, to give hexaethyldisiloxane (5 g., 90%), b. p. 231—233°, n?5 1-4325. 

Triethyl(iso)cyanosilane.—Triethyliodosilane (18 g.) was added to silver cyanide (18 g.). Heat was 
developed, and the solid became bright yellow. The liquid was boiled under reflux gently in nitrogen 
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for 14 hours. Distillation in nitrogen gave 11 ml. of liquid, b. P; 179—184°. On redistillation from a 
little silver cyanide, triethyl(iso)cyanosilane (6 g., 57%), b. » 81-0—182-0° (d ca. 0-9), was obtained 
(Found: C, 59-9; H, 10-7; CN, 18-2. C,H,,SiCN requires C, 59-5; H, 10-7; CN, 18-4%). Cooling in 
ice a eave m. p. 4-55—5-5°. The liquid was vigorously attacked by aqueous alkali and, particularly 
by alcohol. A 

Triethyl(iso)cyanosilane (5 g.) was added to mercuric oxide (7 g.). There was no visible reaction jn 
the cold. The mixture was heated under gentle reflux for 3 hours, and the liquid distilled og 
Hexaethyldisiloxane (2-5 g.), b. p. 230—234°, n?? 1-4345 (after redistillation), was obtained. ; 

Ne tan eam Aeon RR a apr pte (6 g., from reaction of tri-n-propylfluorosilane 
with aluminium and iodine) was added to silver cyanide (10 g.). The solid quickly became bright yellow 
but blackened on boiling of the liquid. ‘ 

After 1 hour’s gentle refluxing, distillation gave 5 ml. of liquid, all of b. p. 224—234°. Redistillation 
from a little silver cyanide gave tri-n-propyl(iso)cyanosilane (2 g., ca. 50%), b. p. 228—230°/755 mm. 
m. al to —8° (Found: C, 65-5; H, 12-0; CN, 14-4. C,H,,SiCN requires C, 65-5; H, 11-6; CN’ 
142%). ; 

Diethyldi(iso)cyanosilane.—Diethyldi-iodosilane (34 g.) was boiled gently under reflux with silver 
cyanide (28 g.). Distillation from the bright yellow solid gave 16 ml. of liquid all boiling between 205° 
and 216°. The distillate, b. p. 209—216° - 10 ml.), was boiled gently with a little silver cyanide (2 g.) 
for } hour and then distilled. Diethyldi(iso)cyanosilane, b. p. 212—214°, m. p. 29—33° (3 g.), was obtained 
(Found: C, 52-7; H, 7-6; CN, 37-2. C,H, Si(CN), requires C, 52:2; H, 7-3; CN, 37-6%]. This 
material reacts so violently with water that for analysis the solid was added to frozen aqueous potassium 
hydroxide in a closed flask, and melting was allowed to occur very slowly. The solid quickly liquefies 
when exposed to the atmosphere. 

Action of Methylmagnesium Iodide on Diethyldi(iso)cyanosilane.—Diethyldi(iso)cyanosilane (8 g.) 
in ether (15 ml.) was added dropwise to methylmagnesium iodide (0-2 mol.) in ether (50 ml.). Vigorous 
reaction occurred. The addition was made during 4 hour, at such a rate that refluxing was maintained, 
The mixture became viscous, and so further ether (30 ml.) was added. After a further } hour’s vigorous 
stirring, 10% sulphuric acid was added until two clear layers separated. The ethereal layer was dried 
and fractionated, with tetraethylsilane as ‘‘ chaser ’’, to give dimethyldiethylsilane (3-5 g., 54%), b. p. 
95-5°/760 mm., n}§ 1-4020. 

Action of Silver Cyanide on Tri-n-propylchlorosilane.—Tri-n-propylchlorosilane (10 g.; b. p. 200—203°) 
was added to silver cyanide (13 g.). After 14 hours’ refluxing the liquid distilled as follows: 7 g. at 
199—203°; 1 g. at 203—206°. The last fraction gave a little cyanide ion on hydrolysis, but the other 
fractions did not; evidently the tri-n-propylchlorosilane was largely unchanged. 
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584. The Reaction between Thio-compounds and Keto-steroids. 


By A. S. Jones, M. Wess, and F. SMITH. 


Thioglycollic acid appears to react preferentially with the C;,,)-keto-group of 3: 7: 12-tri- 
ketocholanic acid (I) to give crystalline 7 : 12-diketo-3 : 3-di(carboxymethylthio)cholanic acid 
(III; R=H). The condensation of thioglycollic acid with 3-keto-steroids appears to be a 
general reaction. Thus, thioglycollic acid also reacts with cholest-4(5)-en-3-one to give (V) 
and with 7 : 12-dihydroxy-3-ketocholanic acid to give (IV). The latter compound is stable to 
dilute alkali, but treatment with dilute mineral acid regenerates the original 7 : 12-dihydroxy-3- 
ketocholanic acid. It also has been observed that p-acetamidothiophenol, as well as thio- 
phenol, combine with 3 : 7 : 12-triketocholanic acid. 

It is suggested that such thio-compounds may be of use in the characterisation of keto- 
steroids and in synthetic work. 


PREVIOUS communications (Barnett, Ryman, and Smith, J., 1946, 524, 526, 528; James, Smith, 
Stacey, and Webb, /., 1946, 665; Jones, Webb, and Smith, this vol., p. 2164) have recorded 
the synthesis from the bile acids and the sterols of antibacterial compounds which contained 
basic groups. In view of the marked antibacterial action of certain sulphones, sulphoxides, 
thiols, and sulphonic acid (Dubos, Ann. Rev. Biochem., 1942, 11, 659) we now have extended 
this work to the synthesis and investigation of a series of water-soluble, sulphur-containing 
steroid derivatives. 

Mylius (Ber., 1887, 20, 1968) first observed a reaction between dehydrocholic (3 : 7 : 12-tri- 
ketocholanic) acid and thiophenol and isolated a sulphur-containing product which has been 
designated 3: 3-bisphenylthiodehydrocholic acid by Sobotka (‘Chemistry of the Sterids,” 
Williams and Wilkins, Baltimore, 1937). We were unable to repeat Mylius’s work using the 
conditions he specified, but found that condensation proceeds smoothly in either chloroform or 
dioxan in the presence of hydrogen chloride (Jones, Smith, and Webb, Nature, 1948, 162, 857; 
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cf. Hauptmann, J. Amer. Chem. Soc., 1947, 69, 562). It is apparent that this is a general 
reaction as p-acetamidothiophenol combines with 3:7: 12-triketocholanic acid (I) in an 
analagous fashion and gives rise to 7 : 12-diketo-3 : 3-di-p-acetamidophenylthiocholanic acid (II). 
Attempts to deacetylate this compound were unsuccessful, and hydrolysis with hot dilute 
hydrochloric acid regenerated 3 : 7: 12-triketocholanic acid. 
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In view of the greater reactivity of thioglycollic acid (cf. Hickinbottom, “‘ Reactions of 
Organic Compounds,” Longmans Green and Co., 1945, p. 108) we extended our investigations 
to the reaction between this thio-acid and keto-steroids, 3:7: 12-Triketocholanic acid (I) 
was found to react smoothly with two molecular proportions of thioglycollic acid to give the 
crystalline 7 : 12-diketo-3 : 3-di(carboxymethylthio)cholanic acid (III; R =H), characterised 
by its equivalent weight and by the formation of the érimethyl ester (III; R= Me). That 
condensation occurs at C,,, and not at C,,, or Cj.) is indicated by the fact that both ethyl 
3: 12-dihydroxy-7-ketocholanate and 3 : 7-dihydroxy-12-ketocholanic acid fail to react with 
thioglycollic acid, whilst 7 : 12-dihydroxy-3-ketocholanic acid behaves like 3: 7 : 12-triketo- 
cholanic acid and affords the crystalline 7 : 12-dihydroxy-3 : 3-di(carboxymethylthio)cholanic acid 
([V). In this connection it may be recalled that, whereas ethanedithiol reacts with the three keto- 
groups in 3: 7: 12-triketocholanic acid (Hauptmann, loc. cit.), both ethane- and toluene-w-thiol 
react only with the 3-keto-group (Bernstein and Dorfman, J. Amer. Chem. Soc., 1946, 68, 1152; 
Hauptmann, Joc. cit.). Similarly, cholest-4(5)-en-3-one combines with thioglycollic acid to 
give a 3: 3-dithio-compound (V), in which reaction the double bond does not take part 
(cf. Cunneen, J., 1947, 36; Bernstein and Dorfman, Joc. cit.). 

The thioglycollic acid residues at C,5, appear to be stable to sodium hydroxide, but they may 
be split off by dilute hydrochloric acid. Thus 7: 12-dihydroxy-3 : 3-di(carboxymethylthio)- 
cholanic acid (IV) is unaffected by boiling 5N-sodium hydroxide, but, when heated under reflux 
with dilute hydrochloric acid, 7 : 12-dihydroxy-3-ketocholanic acid is regenerated (cf. Bernstein 
and Dorfman, loc. cit.; Hauptmann, loc. cit.). In view of the behaviour of these 3 : 3-dithio- 
compounds towards acids and alkalis, they may prove useful in synthetic experiments. 
Hauptman’s observations (Joc. cit.) on the reaction between keto-steroids and ethanedithiol 
have led to an excellent synthetic method for the preparation of the hitherto relatively 
inaccessible lithocholic acid. 

The activities of the members of this series of compounds bacteriostatic for Gram-positive 
organisms have been recorded elsewhere (Jones, Smith, and Webb, loc. cit.). 


EXPERIMENTAL. 


The Condensation of p-Acetamidothiophenol with 3:7:12-Triketocholanic Acid.—Dry hydrogen 
chloride was passed through a suspension of 3: 7 : 12-triketocholanic acid (1 g.) and p-acetamidothio- 
phenol (Zincke and Jorg, Ber., 1909, 42, 3362) (0-6 g.) in dry dioxan (10 c.c.) at 10° for 3 hours. The 
suspended solids gradually dissolved and ultimately a white solid was precipitated. The contents of 
the reaction vessel were then poured slowly with stirring into water (600 c.c.) cooled in ice. The 
resulting precipitate was collected after 5 minutes, repeatedly washed with water, and dried at the 
pump. Two crystallisations from aqueous alcohol gave 7 : 12-diketo-3 : 3-di-(p-acetamidophenylthio)- 
cholanic acid (1-5 g.) as white needles, m. p. 165°, [a]}® +13-0° (c, 1-2 in ethyl alcohol) (Found, after 
—— for ash : C, 66-8; H, 7-0; N, 4:2; Ac, 13-1. CygH,O0,N,S, requires C, 66-8; H, 7-0; 

9; Ac, 12-0%). 
Alkaline Hydrolysis of 7 : 12-Diketo-3 : 3-di-(p-acetamidophenylthio)cholanic Acid.—(a) A solution of 
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7: 12-diketo-3 : 3-di-(p-acetamidophenylthio)cholanic acid (0-2 g.) in 2N-sodium hydroxide (10 c.c,) 
was boiled under reflux for 1 hour and then evaporated to dryness under reduced pressure. The residual 
solid was dissolved in water and the solution neutralised (litmus) with 2N-hydrochloric acid. The dark 
brown solid which separated was filtered off, washed with water, and dried. The compound could not 
be induced to crystallise. Similar non-crystalline products were obtained when the hydrolysis was 
effected with 0-5N- and 0-1N-aqueous-alcoholic sodium hydroxide. 

(6) A solution of 7 : 12-diketo-3 : 3-di-(p-acetamidophenylthio)cholanic acid (0-2 g.) in 0-05N-methyl 
alcoholic potassium hydroxide (60 c.c.) was boiled under reflux for 3 hours in an atmosphere of nitrogen, 
After cooling in ice, the light brown solution was neutralised with dry hydrogen chloride, filtered, and 
evaporated under reduced pressure at 40° (bath temp.). The residue on trituration with ethyl alcohol 
yielded a crystalline solid which, after crystallisation from aqueous ethyl alcohol, had m. p. 218° and 
contained a trace of sulphur. Recrystallisation from the same solvent yielded fine white needles which 
did not contain sulphur and had m. p. 232° alone and in admixture with an authentic specimen of 
3: 7: 12-triketocholanic acid. 

Acid Hydrolysis of 7 : 12-Diketo-3 : 3-di-(p-acetamidophenylthio)cholanic Acid.—A solution of 7 : 12- 
diketo-3 : 3-di-(p-acetamidophenylthio)cholanic acid (0-1 g.) in ethyl alcohol (15 c.c.) and 5n-hydro- 
chloric acid (5 c.c.) was left at room temperature for 24 hours and then poured into water (200 c.c,), 
The fine white needles which separated were collected after 18 hours and recrystallised from aqueous 
ethyl alcohol. The sulphur-free product had m. p. 232° alone and in admixture with an authentic 
specimen of 3: 7 : 12-triketocholanic acid. 

7 : 12-Diketo-3 : 3-di(carboxymethylthio)cholanic Acid.—A solution of 3:7: 12-triketocholanic acid 
(1-0 g.) in thioglycollic acid (10 c.c.) was left for 24 hours at room temperature and then diluted with 
2n-sodium hydroxide (600 c.c.). The resulting clear solution was acidified (Congo-red) with 5n-hydro- 
chloric acid. The white, flocculent precipitate which separated was collected after 4 hours, washed 
with water, and dried in a vacuum over phosphoric oxide. The compound crystallised from acetone- 
light petroleum as white needles (0-65 g.), m. p. 200°. Recrystallisation from aqueous ethyl alcohol 
gave 7 : 12-diketo-3 : 3-di(carboxymethylthio)cholanic acid as long white needles, m. p. 203°, [a]}## +55° 
(c, 1-0 in ethyl alcohol) (Found: C, 58-2; H, 7-0; S, 11-6; H,O, 1-7; equiv., 187. CggH .O,5,,4H,O 
requires C, 58-2; H, 7-1; S, 11-1; H,O, 1-6%; equiv., 192). 

Methyl 7 : 12-Diketo-3 : 3-di(carbomethoxymethylthio)cholanate-—A solution of 7 : 12-diketo-3 ; 3-di- 
{carboxymethylthio)cholanic acid (0-55 g.) in dry methyl alcohol (10 c.c.) was esterified with ethereal 
diazomethane. Crystallisation of the product from aqueous ethyl alcohol gave the trimethyl ester 
(0-45 g.) as white plates, m. p. 78°, [a]? +51-3° (c, 1-0 in ethyl alcohol) (Found: C, 61-0; H, 7-8; 
S, 10-2. C,,H,,0,S, requires C, 61-0; H, 7-6; S, 10-3%). 

7: 12-Dihydroxy-3 : 3-di(carboxymethylthio)cholanic Acid.—A solution of 7: 12-dihydroxy-3-keto- 
cholanic acid (Jones, Webb, and Smith, Joc. cit.) (1-2 g.) in thioglycollic acid (5 c.c.) was kept at room 
temperature for 24 hours. The resulting solution was then diluted with 2N-sodium hydroxide and the 


product isolated as described above. After drying in a vacuum over phosphoric oxide the compound 

{1-3 g.) was crystallised twice from acetone-light petroleum (1:1). From this solvent it separated as 

white prisms, m. p- 132—135°. Recrystallisation from aqueous ethyl alcohol gave 7 : 12-dihydroxy- 
yl 


3 : 3-di(carboxymethylthio)cholanic acid as white needles (0-9 g.), m. p. 141°, [a]?? +35-7° (c, 1-0 in 
ethyl alcohol), which contained one molecule of water of crystallisation (Found: C, 56-9; H, 7:4; 

10-8; _ 3-0; equiv., 197. C,,H,,O,S,,H,O requires C, 56-9; H, 7-8; S, 10-9; H,O, 30%; 
equiv., 195). 

The Action of Thioglycollic Acid on Ethyl 3 : 12-Dihydroxy-1-ketocholanate.—Ethyl] 3 : 12-dihydroxy- 
7-ketocholanate (Haslewood, Biochem. J., 1943, 37, 109) (0-5 g.) was dissolved in thioglycollic acid 
(5 c.c.) and left for 3 days at room temperature. The solution was then poured into water (200 c.c.) and 
the resulting emulsion extracted with ether (3 times). The ethereal extract was washed with water 
(6 times), dried (MgSO,), and concentrated under reduced pressure. The resulting syrup, which 
contai much thioglycollic acid, was dissolved in ethyl alcohol (50 c.c.) and the solution poured into 
water c.c.). The semi-solid precipitate was triturated with water until completely solid and then 
filtered off, washed with water, and dried in a vacuum over phosphoric oxide. The resulting dry, 
amorphous material crystallised on trituration with cold methyl alcohol. Recrystallisation from 
acetone-light petroleum (1:1) gave large white plates which did not contain sulphur and had 
m. p. 156° alone or in admixture with an authentic specimen of ethyl 3 : 12-dihydroxy-7-ketocholanate. 

The Action of Thioglycollic Acid on 3: 7-Dihydvroxy-12-ketocholanic Acid.—3 : 7-Dihydroxy-12- 
ketocholanic acid (Wieland and Kapitel, Z. physiol. Chem., 1932, 212, 269) (0-5 g.) was dissolved in 
thioglycollic acid (10 c.c.) and left at room temperature for 48 hours. The product was poured into 
water (100 c.c.) and 5Nn-sodium hydroxide added until the solution was only faintly acid (litmus). The 
solution was then saturated with sodium chloride and the precipitate which separated was filtered off, 
washed with water, and dissolved in N-sodium hydroxide (10 c.c.). Acidification of this solution with 
5n-hydrochloric acid gave a partially crystalline solid which, after crystallisation first from ethyl alcohol 
and then from aqueous ethyl alcohol, formed white prisms, m. p. 216° alone and in admixture with an 
authentic specimen of 3 : 7-dihydroxy-12-ketocholanic acid. 

3 : 3-Di(carboxymethylthio)cholest-4-ene.—The clear solution which resulted when cholest-4-en-3-one 
(Windaus, Ber., 1906, 39, 518) (0-75 g.; m. p. 79—79-5°) was shaken with thioglycollic acid (3 c.c.) was 
left at room temperature for 18 hours. Most of the thioglycollic acid was removed from the resultin 
semi-solid mass by suction, and the residual crystals were washed with a little cold ethyl alcohol an 
then with water until the presence of thioglycollic acid was no longer detected in the washings. The 
crystalline residue was dried im vacuo over phosphoric oxide and recrystallised by slowly cooling a 
solution of the compound in benzene saturated at 65°. 3 : 3-Di(carboxymethylthio)cholest-4-ene (0-5 g.) 
separated as white prisms, m. p. 142°, [a]?? +111° (c, 1-0 in ethyl alcohol) (Found: C, 68-05; H, 91; 
S, 11-7. Cs,H590,S, requires C, 68-05; H. 9-2; S 11-6%). 

The Action of Alkali on 7: 12-Dihydroxy-3 : 3-di(carboxymethylthio)cholanic Acid.—A solution of 
7 : 12-dihydroxy-3 : 3-di(carboxymethylthio)cholanic acid (0-2 g.) in 5N-sodium hydroxide (6 c.c.) was 
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boiled under reflux for 2hours. The solution was diluted with water and acidified with 5n-hydrochloric 

acid, and the resulting precipitate collected after 18 hours. After being washed with water, the solid 

was crystallised from aqueous ethyl alcohol. Recrystallisation from the same solvent gave fine white 

needles of a sulphur-containing compound which had m. p. 140—141° alone and in admixture with a 
imen of the original compound, m. p. 141°. 

Acid Hydrolysis of 7: 12-Dihydroxy-3 : 3-di(carboxymethylthio)cholanic Acid.—A solution of 7: 12- 
dihydroxy-3 : 3-di(carboxymethylthio)cholanic acid (0-2 g.) in ethyl alcohol (5 c.c.) and 5N-hydrochloric 
acid (5 c.c.) was boiled under reflux for 4 hours. The cooled solution was diluted with water, made 
alkaline with 5N-sodium hydroxide, and extracted with ether. The aqueous layer was left until it was 
free from ether and then acidified with 5n-hydrochloric acid. The small precipitate which separated 
could not be induced to crystallise. After drying (MgSO,), the ethereal extract was evaporated to 
dryness, and the residue crystallised from absolute ethyl alcohol. A solution of the product (m. p. 
163—165°) in aqueous ethyl alcohol (charcoal) was evaporated to dryness, and the residue twice 
crystallised from benzene-light petroleum (1:1). The sulphur-free product (0-1 g.) had m. p. 178° alone 
and in admixture with an authentic specimen of ethyl 7 : 12-dihydroxy-3-ketocholanate, m. p. 178°. 


»Thanks are due to Professor M. Stacey for his interest in this work, and to the Medical Research 
Council for a grant in aid of expenses. 
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585. Alkaloids of Daphnandra Species. Part II. Daphnandrine, 
Daphnoline, and Aromoline. 


By I. R. C. Bicx, E. S. Ewen, and A. R. Topp. 


Daphnandrine and daphnoline, alkaloids first isolated by Pyman from the bark of 
D. micrantha, are shown to have structures (VI) or (VII), and (VIII) or (IX), respectively, in 
which, of the groups R and R’, one is H and the other Me. Evidence is also presented that 
aromoline, which accompanies daphnoline in the bark of D. aromatica, is N-methyldaphnoline 
(VIII; R = R’ = Me) or (IX; R = R’ = Me). All three alkaloids on complete methylation 
with methy] iodide furnish O-methyloxyacanthine dimethiodide, from which it follows that they 
belong to the same stereochemical series as oxyacanthine. The only other alkaloid known to 
belong to this series is trilobamine, and a comparison of the published data for this rare 
alkaloid suggests strongly that it contains only one methylimino-group and is identical with 
daphnoline. This view is supported by the apparently identical behaviour of daphnoline and 
trilobamine on paper chromatograms, 


Pyman (jJ., 1914, 105, 1619) recorded the isolation of three alkaloids, daphnandrine, 
daphnoline, and micranthine, from the bark of the Australian tree Daphnandra micrantha but, 
although he characterised them by preparation of their salts with mineral acids, he made no 
study of their constitution. In 1938 the late Prof. G. Barger obtained Pyman’s original 
specimens of the alkaloids but his projected investigation of their structure was prevented 
by his untimely death. Subsequently two of us (E. S. E. and A.R.T.) took up the investigations 
using the material which was left by Prof. Barger. The quantities available were insufficient 
to complete the structural work on daphnandrine and daphnoline, and the amount of 
micranthine was too small to permit any degradative studies. Further supplies could not 
be obtained owing to the outbreak of war, and the investigations were interrupted for several 
years. When, after the war, it became possible to obtain further supplies of plant material, 
the investigations were resumed (by I. R. C. B. and A. R. T.) and their scope was extended to 
include a study of the new alkaloids repandine, repanduline, and aromoline, isolated by Bick 
and Whalley (Univ. Queensland Papers, Dept. Chem., 1946, 1, No. 28; 1947, 1, No. 30; 1948, 
1, No. 33) in the course of an examination of the alkaloidal content of other Daphnandra 
species occurring in Queensland. In Part I of this series (Bick and Todd, J., 1948, 2170) we 
described an investigation of repandine in which it was shown that this alkaloid is a diastereo- 
isomer of oxyacanthine (I; R = H) or (II; R= H); whereas in the latter both asymmetric 
centres (marked *) are of the same configuration, in repandine one of them is inverted. 
Examination of the new supply of D. micrantha bark showed that it contained neither 
daphnandrine nor daphnoline but contained micranthine in much greater quantity than had 
been found by Pyman. Pyman’s material was supplied to him by the Director of the Sydney 
Botanic Gardens and was presumably collected in northern New South Wales, and it is quite 
possible that its alkaloidal content may have differed from that of the same species growing in 
southern Queensland where our material was collected. We are at present awaiting a sample 
of D. micrantha bark from New South Wales in order to examine this matter further. 
Fortunately we were able, through the kindness of Dr. C. H. Kellaway and Mr. T. M. Sharp 
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of the Wellcome Research Foundation, to obtain a small quantity of Pyman’s original 
specimen of daphnandrine which was in their possession, and this enabled us to complete our 
studies. Daphnoline was available to us in substantial quantity since it occurs in the bark 
of D. aromatica, together with small amounts of aromoline (Bick and Whalley, loc. cit.), The 
present memoir deals with the structure of these three alkaloids which are closely related to 
one another; the structure of micranthine will form the subject of a separate communication, 

Analyses of daphnandrine were in accord with the formula C,,H,,0,N, advanced by 
Pyman (loc. cit.) and confirmed the presence of three methoxy-groups and one methylimino- 
group. It was found, however, that daphnandrine had weak phenolic properties and showed 
the reactions of a secondary amine. The molecular formula and general properties of 
daphnandrine suggested a relationship to the bisbenzylisoquinoline alkaloids, and this 
relationship became evident when daphnandrine was degraded by the procedure employed by 
von Bruchhausen and Gericke (Arch. Pharm., 1931, 269, 115) for oxyacanthine. ON-Dj- 
methyldaphnandrine dimethiodide, formed by methylating daphnandrine with methyl iodide 
and methanolic sodium methoxide, gave ON-dimethyldaphnandrinemethine on Hofmann 
degradation. A portion of this methine, which was optically inactive, was converted into 
its crystalline dimethiodide and further degraded by the Hofmann method to O-methylde-N- 
daphnandrine. Another portion was ozonised, yielding 2-methoxy-5 : 4’-diformyldiphenyl 
ether (III; R = Me) and an amino-aldehyde, the dimethiodide of which was converted by a 
further Hofmann degradation into 2:3: 2’-trimethoxy-6 : 5’-diformyl-5 : 4’-divinyldiphenyl 
ether (IV). A third portion of the methine base on oxidation gave the dicarboxylic acid 
(5 : 4’-dicarboxy-2-methoxydiphenyl ether) corresponding to (III). 

The two above-mentioned crystalline aldehydes were identified by direct comparison with 
specimens prepared by an analogous series of reactions from oxyacanthine (von Bruchhausen 
and Gericke, Joc. cit.) and kindly supplied by Prof. von Bruchhausen. It follows that ON-di- 
methyldaphnandrine must have structure (I; R= Me) or (II; R= Me). One of these 
structures also represents O-methyloxyacanthine, while the other represents O-methylberbamine 
(von Bruchhausen and Gericke, loc. cit.). It was found that X-ray powder photographs 
of ON-dimethyldaphnandrine dimethiodide and O-methyloxyacanthine dimethiodide were 
identical; the methine dimethiodides formed from them also gave identical powder 
photographs. As in the investigation of repandine (Bick and Todd, Joc. cit.), it was found 
that m.p.s are frequently of little value for comparisons of methiodides. It follows 
that daphnandrine belongs to the oxyacanthine rather than the berbamine series, and 
moreover that it has the same stereochemical arrangement about the two asymmetric centres 
{marked *) as oxyacanthine itself (I; R = H) or (II; R= H). 

In order to locate the phenolic group in daphnandrine, a sample of the alkaloid was ethylated 
with diazoethane and the product converted in the usual way into N-methyl-O-ethyldaphnandvine 
dimethiodide. The reaction with diazoethane was very sluggish and gave a poor yield, owing 
presumably to the feebly acidic nature of the phenolic group; it was found that the above- 
mentioned dimethiodide could be prepared more satisfactorily by ethylation of N-methyl- 
daphnandrine dimethiodide with ethyl iodide in ethanolic sodium ethoxide. On being 
submitted to Hofmann degradation, N-methyl-O-ethyldaphnandrine dimethiodide gave a 
methine base which on ozonolysis yielded 2-methoxy-5: 4’-diformyldiphenyl ether (III; 
R = Me), identical with that obtained previously. Thus the phenolic group in daphnandrine 
must be situated in one of the tetrahydroisoquinoline nuclei and cannot occupy a position in 
one of the benzyl residues as it does in oxyacanthine and repandine (I; R = H) or (II; R = H). 

In the structurally related series of bisbenzylisoquinoline alkaloids derived from Chondro- 
dendron species, such as tubocurarine chloride (V), it was found by King (J., 1937, 1472; 1940, 
737) that the Millon reaction could be used in certain cases to determine the position of 
phenolic groups. From a study of the reactions of a number of substituted phenols to Millon’s 
reagent, he showed that alkaloids containing phenolic groups at position 7 of an isoquinoline 
residue, or position 4 of a benzyl residue, give a positive reaction, whereas those with a 
phenolic group at position 6 of an isoquinoline residue show no reaction. On this basis, King 
(loc. cit.) and Dutcher (J. Amer. Chem. Soc., 1946, 68, 419) have assigned positions to the 
phenolic groups in a number of alkaloids belonging to this series, and the positions have proved 
correct in those cases where further evidence from degradative studies has become available 
(King, J., 1939, 1157; 1948, 265). It seems reasonable to suppose that these conclusions 
regarding the Millon test will apply equally to bisbenzylisoquinoline alkaloids of the type 
found in Daphnandra species. Of these, repandine, daphnandrine, daphnoline, and aromoline 
give positive reactions, and the test is also positive with oxyacanthine. The last base 
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(Spath and Pikl, Ber., 1929, 62, 2251) and its diastereoisomer, repandine (Bick and Todd, 
joc. cit.), have been shown to contain a phenolic group at position 4 in one of the benzyl 
residues. Since daphnandrine gives the Millon test and has no phenolic group in this position, 
it follows that its phenolic group must be situated at position 7 of a tetrahydroisoquinoline 
residue, and daphnandrine is therefore represented by structure (VI; of R and R’, one is H 
and the other Me), if oxyacanthine is (I; R= H), or (VII; of R and R’, one is H and the 
other Me) if oxyacanthine is (II; R = H). 
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The alkaloid daphnoline was found by Pyman (loc. cit.) to be phenolic and to contain 
two methoxy-groups and one methylimino-group. This made it seem likely that daphnoline 
was a nordaphnandrine, and Pyman considered the correct formula was most probaby 
C,;H,,0,N,, although his analytical results agreed better with CH,,O,N,. Further 
analyses support this view. It has been found that daphnoline retains solvent of 
crystallisation very tenaciously and it is not possible to remove it completely without 
decomposition, so that satisfactory analytical results cannot be obtained on solvent-free 
daphnoline. A positive test was obtained for a secondary amino-group, and the greatly 
enhanced phenolic properties of daphnoline, compared with daphnandrine, suggested that 
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it contained two phenolic groups. One of these could be selectively methylated with 
diazomethane, and the product, converted into its hydrochloride, was identical with 
daphnandrine hydrochloride; the corresponding hydrobromides were also identical. Thys 
daphnandrine is a methyl ether of daphnoline; in conformity with this finding, X-ray 
powder photographs of OON-trimethyldaphnoline dimethiodide, ON-dimethyldaphnandrine 
dimethiodide, and O-methyloxyacanthine dimethiodide were identical. One phenolic group 
in daphnoline is therefore situated as in daphnandrine at position 7 of a tetrahydroiso. 
quinoline residue. To determine the position of the other, daphnoline was converted into 
N-methyl-OO-diethyldaphnoline dimethiodide by either of the methods used in the ethylation 
of daphnandrine. The product was degraded by the Hofmann method to N-methyl-0o- 
diethyldaphnolinemethine, identified as its dimethiodide. This methine on ozonolysis gave 
2-ethoxy-5 : 4’-diformyldipheny] ether (III; R = Et) identical with that obtained from O-ethy)- 
repandine dimethiodide by an analogous series of reactions (Bick and Todd, loc. cit.); oxidation 
of the methine gave the corresponding dicarboxylic acid. 

The second phenolic group in daphnoline is therefore located at position 4 of the benzyl 
group, and daphnoline must therefore have structure (VIII; of R and R’ one is H and the 
other Me) or (IX; of R and R’ one is H and the other Me). It is interesting to compare the 
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properties of daphnoline with those of trilobamine, the only other diphenolic alkaloids of the 
oxyacanthine—berbamine group so far known and hitherto the only alkaloid which has been 
shown to have the same stereochemical configuration as oxyacanthine. Kondo and Tomita 
(Arch. Pharm., 1931, 269, 433; 1936, 274, 70; J. Pharm. Soc. Japan, 1935, 55, 104), who 
isolated this alkaloid from the Far Eastern menispermaceous plant Cocculus trilobus, proposed 
for trilobamine a formula C,,H,,0,N, (VIII; R = R’ = Me) or (IX; R= R’ = Me), which 
differs from the structure now deduced for daphnoline only in having another methylimino- 
group in place of the secondary amino-group. Their published analytical figures for trilob- 
amine, however, are low even for one methylimino-group, and there is better agreeement with 
the daphnoline formula C,;,H,,0,N, than with that proposed, particularly when allowance is 
made for solvent of crystallisation which, as noted in the case of daphnoline, cannot be 
removed completely without decomposition of the alkaloid. 

The m. p. recorded for daphnoline by Pyman (loc. cit.) is 190—215°, and by Bick and 
Whalley (loc. cit.) 194—196°. According to Kondo and Tomita (loc. cit.), trilobamine melts 
at 195° and decomposes at 212° and has [a]} +356°6° (c, 1:1 in dilute acetic acid). The 
corresponding figure for daphnoline, determined for the hydrochloride and calculated in terms 
of basic ion, is given by Pyman as [«]p +355° (c, 2:1). The solubilities and colour reactions 
described for the two alkaloids are similar and the absorption spectrum of trilobamine as 
determined by Kondo and Tomita (Amex. = 285 Mu., Amin, = 263 my.) closely resembles that of 
daphnoline (Fig. 1; Amex. = 285 my., Amin. = 261 my.). From these data it seemed highly 
probable that daphnoline and trilobamine were identical, and in order to allow a direct 
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comparison to be made a small amount of trilobamine was kindly presented by Prof. Kondo. 
When received, however, this sample was found to have resinified almost completely and to 
contain very little material soluble in dilute acids or organic solvents. Since no crystalline 
trilobamine could be isolated from it, a comparison with daphnoline by the usual methods was 
not possible and recourse was had to chromatography. Paper chromatography of a chloroform 
extract of the specimen of trilobamine in butanol-acetic acid at three different concentrations 
gave R, values which were identical in each case with those given by daphnoline and different 
from those of other structurally similar alkaloids of the bisbenzylisoquinoline series. We 
therefore conclude that trilobamine and daphnoline are almost certainly identical, and that 
both have structure (VIII; of R and R’, one is H and the other Me) or (IX; of R and R’, 
one is H and the other Me). 

Analyses of aromoline gave values corresponding to a formula C,,H,,0,N, and showed the 
presence of two methylimino-groups and two methoxy-groups (Bick and Whalley, Joc. cit.). 
Like daphnoline, aromoline retains solvent of crystallisation very tenaciously and it is not 
possible to remove it without partly decomposing the alkaloid. Aromoline has phenolic 
properties comparable to those of daphnoline and contains two phenolic groups, of which at 
Jeast one must occupy the same position as one of those in daphnoline, since aromoline gives a 
positive Millon reaction. Methylation with methyl iodide in methanolic sodium methoxide 
yielded OO-dimethylaromoline dimethiodide, the Debye—Scherrer diagram of which was identical 
with those of OON-trimethyldaphnoline dimethiodide and O-methyloxyacanthine dimethiodide. 
Ethylation of aromoline dimethiodide gave an amorphous OO-diethylaromoline dimethiodide, 
and on Hofmann degradation this substance was converted into a methine which, with methyl 
iodide, yielded OO-diethylaromolinemethine dimethiodide. An X-ray powder photograph of 
this material was identical with that of N-methyl-OO-diethyldaphnoline methine dimethiodide 
prepared as described above. It follows that aromoline is N-methyldaphnoline and has 
structure (VIII; R= R’ = Me) or (IX; R= R’=Me). The close similarity between 
these two alkaloids is reflected in their absorption spectra (Fig. 1). For comparison, 
the absorption spectra of daphnandrine, repandine, and oxyacanthine are given in Fig. 2. 


EXPERIMENTAL, 


Daphnandrine.—After recrystallising from chloroform and from methanol-ether and drying at 
100°/0-1 mm., a specimen of daphnandrine had m. p. 280°. It gave no colour with ferric chloride but 
gave a pink colour with Millon’s reagent. On addition of excess of alkali to a solution of daphnandrine 
hydrobromide, the precipitate first formed redissolved to give a clear solution; the latter solution, 
when saturated with carbon dioxide, gave a white precipitate which after recrystallising from methanol— 
ether and drying at 100°/0-1 mm. had m. p. 280°, undepressed by the original daphnandrine. To a 
solution of daphnandrine (0-2 g.) in dilute hydrochloric acid (5 c.c.; N/2) an aqueous solution of sodium 
nitrite (0-05 g.) was added drop by drop. An immediate red colour appeared, followed by precipitation 
of a brown amorphous nitroso-derivative, m. p. 80—90°. A solution of daphnandrine (0-5 g.) in glacial 
acetic acid (20 c.c.) was shaken in an atmosphere of hydrogen in the presence of palladised charcoal. 
No absorption of hydrogen took place, and after removal of the solvent daphnandrine was recovered 
unchanged (Found: C, 72-5; H, 6-4; N, 4:7; MeO, 15:3; MeN, 5-0. Calc. for C,,H,;,0,N,: C, 72-7; 
H, 6-4; N, 4-7; 3MeO, 15-7; MeN, 4-3%). 

ON-Dimethyldaphnandrine Dimethiodide.—To a solution of daphnandrine (5-0 g.) in methanol 
(100 c.c.), methyl iodide (8 c.c.) and a methanolic solution of sodium methoxide (0-3 g.) were added. 
After this mixture had been heated under reflux during 4 hours, a further addition of methyl iodide and 
methanolic sodium methoxide (0-2 g.) was made and heating was continued for a further 3 hours, The 
solvent was removed in vacuo, and the residue recrystallised from hot water. In order to remove 
periodides, an aqueous solution of the product was boiled with a little copper powder during 10 minutes, 
filtered, and set aside. Colourless silky needles separated, m. p. 255—265° (decomp.), identical 
(Debye-Scherrer diagram) with a specimen of O-methyloxyacanthine dimethiodide, m. p. 255—265° 
(decomp.) (Found: C, 49-5; H, 5-8; N, 33; loss at 110°/0-1 mm., 7-1. Calc. for CyH,,O,N,I,,4H,O : 
C, 49-1; H, 5-8; N, 2-9; 4H,O, 7-4%). 

ON-Dimethyldaphnandrinemethine Dimethiodide.—An aqueous solution of ON-dimethyldaphnandrine 
dimethiodide (5 g.) was heated on the water-bath with aqueous potassium hydroxide (50 c.c. of 50%) 
during 30 minutes. .The solution was cooled and the brownish resin which separated was extracted 
with ether. The heating and extraction were repeated until no more solid was formed, and the combined 
ethereal extracts were washed with water, dried (Na,SO,), and evaporated, leaving ON-dimethyl- 
daphnandrinemethine as a brownish resin, [a]?? 0-0° (c, 0-9 in chloroform). To a dry ethereal solution 
of this resin (2 g.) methyl iodide was added. A white solid separated which on recrystallisation from 
aqueous methanol formed silky needles, m. p. 250—260°, identical (Debye-Scherrer diagram) with 
O-methyloxyacanthinemethine dimethiodide, m. p. 250—260° (decomp.) (Found: C, 53-8; H, 51; 
N, 33. Calc. for C,,H,,0,N,I,: C, 53-9; H, 5-6; N, lt 

The corresponding methochloride and methohydroxide were prepared by shaking an aqueous 
solution of the above dimethiodide with silver chloride or oxide; they could not be obtained crystalline. 

O-Methylde-N-daphnandrine.—Aqueous ON-dimethyldaphnandrinemethine dimethiodide (10 c.c. 
containing 1 g.) was heated on the water-bath with sodium hydroxide solution (10%) until no further 
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evolution of trimethylamine took place. The oil which separated was extracted with chloroform 
and the solution washed with water, dried (Na,SO,), and evaporated. The residue crystallised from 
chloroform-ethanol in colourless prisms, m. p. 218—220° (Found : C, 77°3; H, 5-3; MeO, 13-3; active 
H, 0-0. C,,H;,0, requires C, 77-1; H, 5-7; 3MeO, 16-2%). 

Ozonolysis of ON-Dimethyldaphnandrinemethine.—A clear solution of ON-dimethyldaphnandrine. 
methine in a slight excess of dilute sulphuric acid (4 g. in 100 c.c.) was cooled in ice, and a stream of 
ozone (4%) was bubbled through it during 30 minutes. The sticky yellow resin which separated was 
extracted with ether, and the ozonolysis and extraction repeated po further solid separated. The 
ethereal extracts were combined, extracted with sodium carbonate solution, dried, and evaporated 
The resinous residue crystallised from light petroleum-ethanol in thick prismatic needles, m. p. 74—77° 
(Found : C, 70-0; H, 5:1; MeO, 13-5. Calc. for C,,H,,0,: C, 70-3; H, 4-7; MeO, 12-1%). A mixed 
m. p. with 2-methoxy-5 : 4’-diformyldiphenyl ether, m. p. 77—78°, prepared by a similar series of 
reactions from oxyacanthine showed no depression. The disemicarbazone, Sbtained | in the usual manner 
crystallised from ethanol as colourless needles, m. p. 235°. ; 

The aqueous acid solution from the ozonolysis, after extraction with ether, was shaken with 
palladised charcoal to remove peroxides, and then shaken with hydrogen for 15 minutes, filtered, and 
treated with excess of sodium hydroxide. The precipitated amino-aldehyde was extracted with ether 
and the extract dried and evaporated. A solution of the resinous residue in methanol (4 c.c.) was heated 
under reflux with methyl iodide (3 c.c.) during 1 hour. The crystalline product which separated was 
filtered off and recrystallised from light petroleum-ethanol, giving colourless needles, m. p. 217°, 
identical (Debye-Scherrer diagram) with the corresponding amino-aldehyde methiodide derived from 
repandine (Bick and Todd, Joc. cit.) (Found: C, 42-7; H, 5-8; N, 3-9; loss at 110°/0-1 mm., 2-4. Cale, 
for C,,H,,0,N,I,,H,O: C, 42-6; H, 5-6; N, 3-7;'H,O, 3-0%). 

5 : 4’-Dicarboxy-2-methoxydiphenyl Ether.—(a) From ON-dimethyldaphnandrinemethine. A solution 
of ON-dimethyldaphnandrinemethine (1 g.) in a slight excess of dilute sulphuric acid was diluted to 
300 c.c. with water. Aqueous potassium permanganate (1%) was added until the pink colour persisted 
(400 c.c.). After removal of precipitated manganese dioxide by passing sulphur dioxide through the 
suspension, the mixture was set aside for several hours until the precipitate coagulated. The separated 
solid was now collected and recrystallised thrice from glacial acetic acid, giving very small prisms, m. p, 
300—303° (Found: C, 62-8; H, 4-8. Calc. for C,,H,,0,: C, 62-5; H, 42%). Spath and Pikl (loc, 
cit.) record m. p. 313—314° for this compound. 

(b) From 2-methoxy-5 : 4’-diformyldiphenyl ether. To a solution of the dialdehyde (0-4 g.) in glacial 
acetic acid (4 c.c.), chromic acid (0-2 g.) dissolved in 85% acetic acid (3 c.c.) was added dropwise. The 
solution was warmed on the steam-bath during 30 minutes, and on cooling a white crystalline product 
separated, which after recrystallisation from glacial acetic acid had m. p. 300—303°, undepressed in 
admixture with a sample prepared by method (a) above. 

2:3: 2’-Trimethoxy-6 : 5’-diformyl-5 : 4’-divinyldiphenyl Ethery—An aqueous solution of the above 
amino-aldehyde was heated on the water-bath with potassium hydroxide solution (10 c.c. of 10%) till 
no further evolution of trimethylamine was evident. The solution was cooled, the separated oil 
extracted with chloroform, and the extract washed with water, dried (Na,SO,), and concentrated to 
small bulk. The product which separated was recrystallised from methanol—chloroform and formed 
pale yellow diamond-shaped crystals, m. p. 135—136°. It gave a postive Schiff’s test and a blue colour 
with a mixture of sulphuric and glacial acetic acid, indicating the presence of an O-vinyl- 
aldehyde grouping. On catalytic hydrogenation the substance absorbed 2 mols. of hydrogen — 
and a further 2 mols. more slowly (Found: C, 68-0; H, 5-7; active H, 0-0. Calc. for C,,H»O,: C, 
68-5; H, 5-5; active H, 0-0%). A mixed m. p. with an authentic specimen prepared by an analogous 
series of reactions from oxyacanthine showed no depression. 

The dioxime prepared in the usual way from the divinyl-dialdehyde had m. p. 160° (Found: C, 
61-6; H, 6-1; N, 7-1; loss at 110°/0-1 mm., 3-1. C,,H,,0,N,,H,O requires C, 61-3; H, 5-8; N, 68; 
H,0, 3-3%). 

: N-Aeth31-O-thyldaphnandrin Dimethiodide.—(a) By use of diazoethane as ethylating agent. Toadry 
methanolic solution of daphnandrine (2 g. in 500 c.c.) was added an ethereal solution of diazoethane 
(1-5 g. in 50 c.c.), and the mixture set aside for 2 days. Another addition of diazoethane in ether (1-5 g. 
in 50 c.c.) was made, and after a further 2 days the solution was evaporated in vacuo, and the residue 
dissolved in dilute hydrochloric acid (100 c.c. of 4%). To the filtered solution aqueous sodium 
hydroxide (100 c.c. of 5%) was gradually added with vigorous stirring. The precipitate was separated 
by centrifugation, redissolved in dilute hydrochloric acid (100 c.c. of 4%), and reprecipitated as before. 
After reprecipitation three times in all, the clear alkaline solutions separated by centrifugation were 
united and neutralised by addition of small pieces of solid carbon dioxide. Unchanged starting material 
(1-1 g.), identical (mixed m. P) with daphnandrine, separated and was recovered by filtration. The 

recipitate containing O-ethyldaphnandrine was dried and dissolved in absolute methanol (50 c.c.). 

e filtered solution was heated under reflux with methyl iodide (2 c.c.) and sodium methoxide (0-1 g.) 
during 6 hours. After removal of the solvents in vacuo, the residue was dissolved in boiling water. 
The yellowish resin which separated on cooling was redissolved in hot water, and the solution boiled 
with a little copper powder for 10 minutes, filtered, and allowed to cool. N-Methyl-O-ethyldaphnandrine 
dimethiodide (0-5 g.) separated as a yellowish amorphous mass; it was redissolved in boiling water and 
allowed to separate in, the process being repeated several times in order to purify the salt. On 
heating, it decom between 240° and 250° without melting. 

(b) With ethyl iodide as ethylating agent. Daphnandrine (1 g.) was dissolved in hot methanol 
(100 c.c.) and heated under reflux with methyl iodide (2 c.c.) for 6 hours. Removal of solvent under 
reduced pressure gave a yellowish resin which was dissolved in hot ethanol (250 c.c.). Ethyl iodide 

c.c.) was added, followed by ethanolic sodium ethoxide (0-08 g. of sodium in 5 c.c. of ethanol). After 


(3 
the mixture had been boiled under reflux for 6 hours, a further similar amount of sodium ethoxide was 
added to it and the heating and addition repeated until in all 5 such additions had been made. The 
residue left after evaporation of the solution in vacuo was dissolved in hot water. The crude N-methyl 
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0-ethyldaphnandrine dimethiodide which separated on cooling was purified as described above (0-8 g.). 
It could not be crystallised in either case (Found: C, 50-2; H, 5-6; N, 2-6; loss at 110°/0-1 mm., 5-9. 
Ca:HsoOeNal,3H,O requires C, 50-3; H, 5-8; N, 2-9; H,O, 55%). 
bs Degradation of N-Methyl-O-ethyldaphnandrine Dimethiodide—The above dimethiodide (0-5 g.), 
red by either method (a) or (b), was converted into the dimethohydroxide and submitted to a 
eal egradation as described for ON-dimethyldaphnandrine dimethiodide. The crude methine 
was ozonised in ice-cold aqueous acid solution in the usual way, and the resin which separated was 
extracted with ether. The extract, after washing with aqueous sodium carbonate and then with water, 
was dried (Na,SO,) and evaporated. The residue crystallised from light petroleum as colourless needles 
(0-07 g.), m. p. 78—79°, undepressed in admixture with an authentic specimen of 2-methoxy-5 : 4’- 
diformyldiphenyl ether prepared from O-methylrepandine dimethiodide (Bick and Todd, Joc. cit.) (Found : 
C, 70-6; H, 4-9. Calc. for C,,H,,0,: C, 70-3; H, 4-7%). 

Daphnoline.—A sample of daphnoline, recrystallised from chloroform, had m. p. 194—196°. It 
gave a positive Millon reaction and, like daphnandrine, a reddish-brown nitroso-derivative. Unlike 
daphnandrine, however, it gave a green ferric chloride colour and dissolved readily in cold aqueous 
~ hydroxide (5%), by which it could be quantitatively extracted from chloroform solution (Found : 
C, 61-6; H, 5-4; N, 3-7; Cl, 15-1; MeO, 9-2; MeN, 4-0. Calc. for C;;H;,0,N,,CHCI,: C, 61-7; 
H, 5-3; N, 4-0; Cl, 15-2; 2MeO, 8-9; MeN, 4-1%). 

OON-Trimethyldaphnoline Dimethiodide——Daphnoline (0-5 g.) was dissolved in boiling absolute 
methanol (150 c.c.), and methyl iodide (1-5 c.c.) was added, followed by methanolic sodium methoxide 
(0-06 g. of sodium in 1-5 c.c. of methanol). The mixture was heated under reflux, and similar quantities 
of sodium methoxide were added at intervals of 6 hours until in all five such additions had been made. 
Solvent was then removed under reduced pressure, and the residue dissolved in hot water. On cooling, 
this solution deposited a white amorphous solid which was filtered off and redissolved in hot water, and 
the solution boiled with a little copper powder for 10 minutes and filtered. On cooling, the dimethiodide 
slowly crystallised as colourless needles (0-7 g.) which decomposed at 255—260° without melting. It 
was identical (Debye—Scherrer diagram) with O-methyloxyacanthine dimethiodide and with ON-di- 
methyldaphnandrine dimethiodide (Found : C, 50-7; H, 5-7; N, 3-0; loss at 110°/0-1 mm., 5-5. Cale. 
for CyH,,O,N,1,,23H,O: C, 50-5; H, 5-7; N, 2-9; H,O, 4-7%). 

O-Methyldaphnoline.—To a warm methanolic suspension of daphnoline (0-1 g. in 25 c.c.) an ethereal 
solution of diazomethane (from 0-5 g. nitrosomethylurethane) was added and the mixture set aside 
overnight. The solution, which had become clear, was evaporated and the residue dissolved in 
chloroform and extracted repeatedly until no trace of alkaloid remained in the alkaline extract. The 
chloroform solution was washed and dried (Na,SO,), then divided into two portions, and each evaporated 
to dryness. The residues, dissolved in hot hydrochloric acid solution and hydrobromic acid solution 
respectively, yielded on cooling O-methyldaphnoline hydrochloride and hydrobromide as colourless 
prisms, the first melting with decomposition at 275—276° and the second at 283—-284°. The melting 
points were not depressed on mixing these substances with specimens of daphnandrine hydrochloride 
and hydrobromide respectively. 

N-Methyl-OO-diethyldaphnoline Dimethiodide.—This substance was prepared from daphnoline by 
methods corresponding to those described above for the preparation of N-methyl-O-ethyldaphnandrine 
dimethiodide from daphnandrine. By method (b), daphnoline (0-5 g.) after N-methylation with methyl 
iodide was O-ethylated with ethyl iodide and ethanolic sodium ethoxide, to give the required N-methyl- 
00-diethyl-dimethiodide (0-4 g.), m. p. 250—260° (decomp.) (Found: C, 50-7; H, 5-7; I, 25-4; loss at 
110°/0-1 mm., 5-6. C,H,;,0,N,1,,34H,O requires C, 50-6; H, 6-0; I, 25-4; H,O, 56%). The 
degradation of this substance was carried out by the methods already described for the 
corresponding daphnandrine compound. N-Methyl-OO-diethyldaphnoline dimethiodide (0-3 g.) on 
Hofmann degradation gave a methine base, a portion of which was converted into its crystalline 
dimethiodide, m. p. 230—240° (decomp.), for identification purposes (Found: C, 52-5; H, 6-2; loss 
at 110°/0-1 mm., 6-4. C,,H,;,O,N,1,,34H,O requires C, 52-1; H, 6-1; H,O, 61%). On ozonolysis 
this methine gave 2-ethoxy-5 : 4’-diformyldiphenyl ether, m. p. 60°, identical (mixed m. p.) with that 
obtained from O-ethylrepandine (Bick and Todd, loc. cit.) (Found: C, 70-8; H, 5-3. Calc. for 
CygH,,O,: C, 71-1; H, 5-2%). On chromic acid oxidation of the crude product of ozonolysis, 
5: 4’-dicarboxy-2-ethoxydiphenyl ether, m. p. 285—287°, depressed on admixture with the 
corresponding methoxy-compound, was obtained after recrystallisation from glacial acetic acid (Found : 
C, 63-2; H, 4-8. Calc. for C,,H,,O,: C, 63-6; H, 4-7%). re 

Aromoline.—Recrystallised from chloroform, aromoline formed small plates, m. p. 174—175°, 
containing chloroform of crystallisation. It gave a positive Millon reaction and a green Sectie chloride 
colour. It was readily soluble in aqueous sodium hydroxide (5%) and could be quantitatively extracted 
from solution in chloroform by the same reagent (Found: C, 61-8; H, 5-4; N, 4-0; Cl, 15-4. Calc. 
for C;,H,,0,N,,CHCI,: C, 62-2; H, 5-4; N, 3-9; Cl, 14:9%). Aromoline had [a]}? 327° (c, 0-5 in 
chloroform, calculated for solvent-free base); the hydrochloride had [a]?? 295° (c, 0-3 in water). 

OO-Dimethylaromoline Dimethiodide——The method used to form OON-trimethyldaphnoline 
dimethiodide was employed to convert aromoline (0-7 g.) into its crystalline OO-dimethyl dimethiodide 
(0-75 g.), identical (Debye-Scherrer diagram) with O-methyloxyacanthine dimethiodide and with 
OON-trimethyldaphnoline dimethiodide (Found: C, 49-0; H, 5:7; N, 2-8; H,O, 8-2. Calc. for 
CywH,,0,N,1,,43H,O: C, 48-7; H, 5-8; N, 2-8; H,O, 88%). 

OO-Diethylaromoline Dimethiodide.—This substance was prepared from aromoline (0-5 g.) by 
method (b) described for N-methyl-O-ethyldaphnandrine dimethiodide. The product (0-4 g.), m. p. 
250—260°, could not be obtained crystalline (Found: C, 49-1; H, 6-6; N, 3-1; loss at 110°/0-1 mm., 
88. C,,.H,.0,N,1,,5H,O requires C, 49-2; H, 6-1; N, 2:7; H,O, 84%). 

OO-Dimethylaromolinemethine Dimethiodide.—This substance was prepared by Hofmann degradation 
of 00-diethylaromoline dimethiodide (0-3 g.) to give the methine, which was converted into its 
crystalline dimethiodide (0-1 g.), m. p. 230—240° (decomp.), identical (Debye-Scherrer diagram) with 
N-methyl-OO-diethyldaphnolinemethine dimethiodide. 

8R 
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Paper Chromatography of Trilobamine and Related Alkaloids.—The resinified sample (40 mg.) 
containing trilobamine was exhaustively extracted with boiling chloroform, and the solution evaporated 
to dryness in vacuo. The residue (<1 mg.) was dissolved in chloroform (5 drops), and a portion of 
the solution (1 drop) chromatographed on Whatman No. 1 paper in butanol-acetic acid—water. The 

aper was dried and sprayed with an ethanolic solution of the potassium salt of tetrabromophenol- 
phthalein ethyl ester (0-1%) (Feigl, ‘ Spot Tests,” 1939, 2nd Edn., p. 345) and dried again. After q 
spraying with aqueous oxalic acid (0-05%) the position of the trilobamine was shown by a deep-blue 
spot on a yellow background. The Ry values in three different concentrations of butanol-acetic 
acid—water for trilobamine and other structurally related alkaloids (ca. 20 ug. used in each Case) 
determined under the same conditions are given below : . 


R; in BuOH-HOAc-H,0O. Ry; in BuOH-HOAc-H,0, 
25-0-1-25. 25-0-5-25. 20-5-25. 25-0-1-25. 25-0-5-25. 20-5-25, 
0-45 0-81 Aromoline 0-25 0-67 
Oxyacanthine ... 0-37 0-77 Daphnoline 0-31 0-71 
Daphnandrine ... 0-31 0-36 0-79 Trilobamine : 0-31 0-71 


Absorption Spectra of Daphnandrine, Daphnoline, Aromoline, Repandine, and Oxyacanthine.—The 
absorption spectra of the above alkaloids were determined in methanol solution (ca. M/10,000) using a 
Beckman quartz spectrophotometer. The curves are shown in Figs. 1 and 2. The values obtained 
for wave-length and, in parentheses, extinction coefficient at the minima and maxima, respectively, 
were: repandine 2570 (1050), 2840 (6760); oxyacanthine 2600 (2040), 2850 (7090); daphnandrine 
2590 (2160), 2850 (8130); aromoline 2620 (4370), 2850 (7580); and daphnoline 2610 (4790), 2850 a. 
(8420). 
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586. Toxic Fluorine Compounds containing the C-F Link. Part VIII. 
w-Fluoro-carboxylic Acids and Derivatives containing an Oxygen 
Atom as a Chain Member. 


By F. J. Buckie and B. C. SAUNDERs. 


An oxygen atom has been introduced at selected points in the chain of certain w-fluoro- 
carboxylic acids (and derivatives) by methods depending ultimately upon the cyanoethylation 
of the appropriate fluoro-alcohol. These compounds, of the formula F*[(CH,],*O*[CH,],°CO,H, 
have been examined pharmacologically. 


In view of the strong evidence for the f-oxidation of w-fluoro-carboxylic acids (Part VI, this 
vol., p. 1471) im vivo and for the inhibition of 8-oxidation when such compounds were “ blocked” 
in the a- and in the §-position (Part VII, this vol., p. 2745) it was decided to investigate the 
effect of introducing ap oxygen atom as a chain member at some appropriate point. For this 
purpose eleven compounds were synthesised and examined pharmacologically. 

When 2-fluoroethyl alcohol was treated with 1 mol. of vinyl cyanide and aqueous potassium 
hydroxide 2-2’-fluoroethoxyethyl cyanide, F*[CH,)},*O*[CH,],°CN, was obtained in good yield. 
This was readily hydrolysed by hydrochloric acid to §-2-fluoroethoxypropionic acid, the acid 
chloride of which on treatment with a large excess of diazomethane gave diazomethy] 2-2’-fluoro- 
ethoxyethyl ketone, F*[CH,],°O°*[(CH,],,>CO°-CHN,. This substance was a yellow oil which was 
stable up to about 60° and could be handled with safety. When distillation was 
attempted, however, it often decomposed explosively, so that further purification was 
not attempted. It was therefore converted immediately into ethyl y-2-fluoroethoxybutyrate, 
F+(CH,),*O*(CH,],°CO,Et, by warming it with absolute alcohol and dry silver oxide. 
Conversion of the diazoketone into the free acid or the amide under conditions of the Arndt- 
Eistert reaction could not be effected. Esterification of the fluoroethoxypropionic acid gave ethyl 
8-2-fluoroethoxypropionate, which reacted with phenylmagnesium bromide to give, not the 
expected diphenyl-2-2’-fluoroethoxyethylcarbinol, but the corresponding bromo-compound 
Br-[CH,],°O°[(CH,].°CPh,°OH as the result of halogen interchange. 
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The formation of the bromoethoxy-carbinol was unexpected as there seems to be no record 
in the literature of the substitution of one halogen for another by a Grignard reagent. Even 
with a deficiency of the Grignard reagent, the only product which could again be isolated was 
the bromoethoxy-carbinol. This replacement of an unreactive fluorine atom by the more 
reactive bromine is worthy of further investigation. 

The reduction of 2-2’-fluoroethoxyethyl cyanide using Raney nickel and hydrogen was 
examined under a variety of conditions. Defiuorination readily took place, but finally 
conditions were found which permitted the conversion of CN to CH,*NH, without the removal 
of the fluorine atom, giving 3-2’-fluoroethoxypropylamine as a stable distillable liquid. 

Ethyl 2-fluoroethoxyacetate, F*[(CH,},*O°CH,°CO,Et, could not be prepared by the action of 
ethyl diazoacetate on pure redistilled 2-fluoroethyl alcohol, and the addition of a small quantity 
of concentrated hydrochloric acid had no effect, which is rather surprising in view of the known 
catalytic action of acids on the decomposition of the diazoacetic ester. Fluoroethyl alcohol 
which had, however, not been specially dried reacted immediately with ethyl diazoacetate with 
a vigorous evolution of nitrogen and the simultaneous disappearance of the yellow colour of 
the diazoacetic ester. The product obtained by distilling the reaction product had a low 
fluorine content, owing to the formation of ethyl glycollate from the water present in the 
undried fluoroethyl alcohol. This ester has a boiling point close to that of the required fluoro- 
ethoxy-ester. Accordingly the glycollate was removed by shaking the reaction product with 
water, and the ethyl 2-fluoroethoxyacetate was then obtained pure. 

The reaction between 2-fluoroethyl alcohol and ethyl chloroformate was slow, but after the 
mixture had been heated at 100° for 10 hours the evolution of hydrogen chloride ceased and 
pure ethyl 2-fluoroethyl carbonate, F*[CH,],°O°CO,Et, was obtained on distilling the product. 

By warming together 2°5 mols. of 2-fluoroethyl alcohol and 1 mol. of ethylene oxide in the 
presence of concentrated sulphuric acid, 2-2’-fluoroethoxyethanol (2-fluoro-2’-hydroxydiethyl ether) 
was obtained in 25% yield, but there was no indication of the formation of any higher 
condensation product. When, however, a much larger excess of the alcohol (5 mols.) was 
used and the mixture heated in an autoclave at 140° for 4 hours with anhydrous sodium sulphate 
as catalyst, the yield of 2-2’-fluoroethoxyethanol increased to 70% and there was in addition a 
15% conversion into 2-hydroxy-2'-2”-fluoroethoxydiethyl ether, F+*[(CH,),°O-[CH,]},°O-(CH,],"OH. 

The following homologues were prepared from 3-fluoropropanol by suitable modifications 
of technique : 2-3’-fluoropropoxyethyl cyanide, F>[CH,],°O*[(CH,],°CN, B-3-fluoropropoxypropionic 
acid, the acid chloride thereof, diazomethy] 2-3’-fluoropropoxyethyl ketone, and ethyl y-3-fluoro- 
propoxybutyrate. 

Pharmacological examination was carried out by subcutaneous injection of the compound, 
in a suitable solvent, into mice. Methyl fluoroacetate was always injected, under the same 
conditions, into a batch of mice as a control (cf. Part I, J., 1948, 1773). The 6-carbon atom in 
§-2-fluoroethoxypropionic acid and in £-3-fluoropropoxypropionic acid is linked to the ether 
oxygen atom, and if B-oxidation of these compounds takes place in vivo, the hydrogen carbonate 
of the fluoro-alcohol will be formed. This would be expected to have approximately the same 
toxicity as the alcohol itself, since the latter would be produced either by hydrolysis or by 
elimination of carbon dioxide : 
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B-oxidation 
F-(CH,],"O-[CH,],,CO,H ————> F-(CH,],0°CO,H —» F-(CH,],,OH 
This was verified by showing that ethyl 2-fluoroethyl carbonate was as toxic as 2-fluoroethyl 
alcohol. Furthermore we found that 8-2-fluoroethoxypropionic acid was indeed toxic, whereas 
f-3-fluoropropoxypropionic acid was non-toxic.* (3-Fluoropropanol is itself non-toxic.) 

The actual L.D. 50 for $-2-fluoroethoxypropionic acid, however, was about 70 mg./kg. 
and was therefore considerably less than that for fluoroethyl alcohol, whereas the nitrile of the 
acid showed a toxicity (L.D. 50, 10—20 mg./kg.) of the same order as that of the alcohol. The 
cause of this difference may be due to different rates of absorption. 2-3’-Fluoropropoxyethyl 
cyanide was non-toxic in accordance with expectation. 

In this connexion ethyl 2-cyanoethyl ether, EtO-[(CH,],°CN, was prepared and tested and 
found to be non-toxic, showing that the toxicity of the fluorine analogue was caused ultimately 
by the presence of the fluorine atom (as fluoroethoxyl) and not to another part of the molecule. 

f-Oxidation of ethyl y-2-fluoroethoxybutyrate and y-3-fluoropropoxybutyrate will not 
lead to the formation of a hydrogen carbonate, but to a fluoroalkoxy-acetic acid. It was for 

_.* The designation non-toxic is used relatively to the highly toxic methyl fluoroacetate (Part I). At 


high concentrations (e.g., several hundred mg. /kg.) it is probable that some symptoms would be observed 
even with the “ non-toxic’ materials. 
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this reason that ethyl 2-fluoroethoxyacetate was prepared and examined. It was found to be 
non-toxic, and as expected the two butyric esters were also non-toxic. 

2-Fluoro- and 2-hydroxy-2’-2’’-fluoroethoxydiethyl ether were both toxic: the former had 
an L.D. 50 of 15—20 and the latter of 30—40 mg./kg. If the former is readily oxidised to the 
corresponding acid in the animal body, then we should expect it to be non-toxic in view of the 
non-toxicity of ethyl 2-fluoroethoxyacetate referred to above. It must be concluded then that 
the ether-alcohols exert some toxic action per se. Ethylene glycol monoethyl ether, was 
examined physiologically but was found to be completely non-toxic, showing that the activity 
of 2-fluoro-2’-hydroxydiethyl ether was again closely associated with the 2-fluoroethoxy-group 
in the molecule. 

The L.D. 50 of 3-2’-fluoroethoxypropylamine was about 50 mg./kg. 

Discussion.—No very precise conclusions, such as were readily made in previous Parts of 
this series, can be arrived at from the above toxicity determinations. Further evidence, how- 
ever, for the process of §-oxidation of acids has been obtained, but not in such a clear-cut manner 
as with the compounds described in Parts VI and VII. Several additional factors, apart from 
8-oxidation, appear to be operating, owing to the presence of the ether linkage. 


EXPERIMENTAL, 


2-Fluoro-2’-cyanodiethyl Ether (2-2’-Fluoroethoxyethyl Cyanide).—2-Fluoroethyl alcohol (61 g., 
0-95 mol.) was mixed with 40% aqueous potassium hydroxide (3 c.c.) and vinyl cyanide (50 g., 0-94 mol.) 
was added with stirring. The temperature rose to 37°, and the mixture was cooled in water and 
mechanically stirred for 17 hours. The product was neutralised with dilute hydrochloric acid, extracted 
with ether, dried (Na,SO,), filtered, and distilled. The ether was obtained as a colourless liquid, b. p. 
103—104°/15 mm. (70 g., 64%), with a pleasant odour (Found : F, 16-6. C,;H,ONF requires F, 16-2%), 

B-2-Fluoroethoxypropionic Acid.—2-Fluoro-2’-cyanodiethyl ether (30 g., 0-26 mol.) was digested 
with concentrated hydrochloric acid on a boiling water-bath for 3 hours, and set aside overnight, where- 
upon a considerable quantity of ammonium chloride crystallised out. The mixture was diluted with 
water, extracted with ether, and dried (Na,SO,), and the ether removed. The product was a pale 
yellow liquid, which would not crystallise in ice-salt, was soluble in water, and gave a reddish precipitate 
with ferric chloride solution. The liquid was distilled and gave pure B-2-fluoroethoxypropionic acid, 
b. p. 1833—134°/12 mm. (26-5 g., 75%) (Found: F, 13-7. C;H,O,F requires F, 13-9%). 

Ethyl B-2-Fluoroethoxypropionate.—B-2-Fluoroethoxypropionic acid (25 g., 0-18 mol.) was heated 
on an oil-bath under me a8 for 3 hours with absolute ethanol (75 c.c., 1-3 mols.) and concentrated 
sulphuric acid (5 c.c.), allowed to cool, diluted with water, and extracted 4 times with ether. The 
ethereal solution was dried (Na,SO,), and the propionate distilled as a colourless liquid, with a faint 
pleasant odour, of b. p. 92°/16 mm. (21 g., 67%) (Found: F, 11-2. C,H,,;0,F requires F, 11-6%). 

3-2’-Fluoroethoxypropylamine.—(a) 2-Fluoro-2’-cyanodiethyl ether (10 g., 0-085 mol.) was mixed 
with saturated ammoniacal ethanol (200 c.c.) and hydrogenated with Raney nickel (1 g.) for 2 hours at 
110° and a maximum pressure of 125 atms. The reduction product was filtered, most of the alcohol 
removed below 80°, and the residue fractionated through a Vigreux column; 3 g. of a fraction, b. p. 
110—140°/760 mm., were obtained. This was redistilled, giving 2 fractions: (i) b. p. 783—128° (0-5 g.); 
(ii) b. p. 128—131° (1-2 g.); anda residue (1 g.). Fractions (i) and (ii) contained only traces of fluorine. 
Hydrogenolysis of the C-F link had therefore occurred under these conditions. 

(6) 2-Fluoro-2’-cyanodiethyl ether (40 g., 0-34 mol.) in saturated ammoniacal ethanol (400 c.c.) was 
hydrogenated with Raney nickel (3 g.) for 3 hours at 90° and a maximum pressure of 75 atms. of 
hydrogen. The product was filtered, the alcohol removed, and the residue fractionated, first at 
atmospheric pressure and then at 12 mm., giving 3-2’-fluoroethoxypropylamine as a colourless oil 
(32-5 g., 77%), b. p. 164—167°/760 mm., with a faint fish-like odour (Found: F, 15-7. C,;H,,ONF 
requires F, 15-7%). 

B-2-Fluoroethoxypropionyl Chloride.—Thionyl chloride (50 g., 0-43 mol.) was placed in a flask fitted 
with a reflux water-condenser, dropping-funnel, and calcium chloride tube. -2-Fluoroethoxypropionic 
acid (44 g., 0-32 mol.) was added slowly during 1 hour, and the product was heated on a steam-bath for 
a further hour, whereupon the evolution of hydrogen chloride ceased. The product was fractionated 
under reduced pressure, giving the acid chloride as a colourless mobile pungent liquid, b. p. 77—80°/11 mm. 
(39 g., 79%), which fumed in air [Found: equiv. by titration with n/10-sodium hydroxide (phenol- 
phthalein), 153-8. C,H,O,CIF requires equiv., 154-5). 

Ethyl y-2-Fluoroethoxybutyrate.—B-2-Fluoroethoxypropionyl chloride (8 g., 0-05 mol.) in dry ether 
was added with continuous stirring to a solution of diazomethane (8-4 g., 0-2 mol.) in ether (350 c.c.), 
cooled in ice. Nitrogen was evolved, and after the addition was completed, the reaction mixture was 
set aside at room temperature overnight. The excess of diazomethane and ether was removed at <30° 
at a water-pump, leaving the yellow oily diazomethyl 2-2’-fluoroethoxyethyl ketone (7-5 g., 95%), which 
did not crystallise on cooling and scratching. As distillation tended to cause explosive decomposition, 
further purification or analysis was not attempted. The diazoketone was dissolved in absolute alcohol 
(150 c.c.) in a flask fiitted with a reflux condenser and mechanical stirrer, and warmed to 50—60°. 

Dry silver oxide was prepared by dissolving silver nitrate (10 g., 0-06 mol.) in water and adding 
sodium hydroxide (2-3 g., 0-06 mol.) dissolved in water, slowly with stirring. The silver oxide was 
filtered off and washed with water to remove sodium nitrate and then with alcohol and ether. The dry 
silver oxide so obtained was made into a slurry in absolute ethanol and added in small portions to the 
well-stirred alcoholic solution of the diazo-ketone. Vigorous evolution of nitrogen took place. After 
all the silver oxide had been added the mixture was heated under reflux on a steam-bath for 1? hours, 
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during which time a silver mirror was formed. The mixture was allowed to cool and filtered, and the 
red residual oil was distilled twice in a vacuum, after removal of alcohol on a water-bath, giving the 
ester as a colourless, mobile, faint-smelling, liquid, b. p. 99—100°/12 mm. (3 g., 28%) (Found: F, 10-8. 
C,H,s0F requires F, 10-7%). 

2-2’-Fluoroethoxyethanol and 2-Hydroxy-2’-2’’-fluoroethoxydiethyl Ethery.—Ethylene oxide (9 g., 
0-2 mol.) was dissolved in 2-fluoroethy] alcohol (45 g., 0-76 mol.) in a flask cooled in ice-salt, and fitted 
with a spiral reflux condenser also cooled in ice-salt. Concentrated sulphuric acid (2 c.c., 0-035 mol. 
was added carefully, the mixture was warmed to 50° for 10 minutes and allowed to cool, and concentrat 
aqueous potassium carbonate added until neutral to Congo-red. The solution was diluted with an 

ual volume of water and extracted continuously with ether for 4 hours. The ethereal extract was 
dried (Na,SO,), filtered, and distilled, 2 fractions being obtained: (i) b. p. 20°/16 mm., recovered 
fluoroethyl alcohol; and (ii) b. p. 76°/16 mm. (5-5 g., 25% on the ethylene oxide used). The experiment 
was repeated using different conditions. Ethylene oxide (13-3 g., 0-3 mol.) was dissolved in fluoroethyl 
alcohol (102 g., 1-6 mols.). The mixture became very hot and was cooled in ice-salt to 5° and then 
transferred to a steel autoclave with anhydrous sodium sulphate (0-5 g.) and heated at 130° for 4 hours. 
The reaction product was filtered from the catalyst and distilled, 3 fractions being obtained: (1) b. p. 
22°/19 mm. (recovered fluoroethyl alcohol), (2) b. p. 79°/19 mm., and (3) b. p. 120—125°/19 mm. The 
last two fractions were redistilled, giving two pure mobile liquids: (a) 2-2’-fluoroethoxyethanol, b. p. 
§1°/22 mm. (22-5 g., 70% based on ethylene oxide) (Found: F, 17-3. C,H,O,F requires F, 17-69%) ; 
and (b) 2-hydroxy-2’-2’’-fiuoroethoxydiethyl ether, b. p. 132—133°/30 mm. (3-5 g., 15% based on 
ethylene oxide) (Found: F, 12-3. C,H,,0,F requires F, 12-5%). 

Attempted Barbier-Wieland Degradation of Ethyl B-2-Fluoroethoxypropionate.—Dry bromobenzene 
(15-7 g., 0-1 mol.) was dissolved in anhydrous ether (50 c.c.), and half of the solution was added to dry 
magnesium turnings (2-5 g., 0-1 atom) in a flask fitted with reflux condenser and calcium chloride tube. 
The reaction was started by the addition of a crystal of iodine, and when the initial ebullition 
had subsided the remainder of the ethereal bromobenzene solution was slowly added in 5-c.c. portions. 
After all the solution had been added, the reaction mixture was heated under reflux on a water-bath for 
15 minutes. The solution was allowed to cool, and a solytion of ethyl f-2-fluoroethoxypropionate 
(6 g., 0-036 mol.) in anhydrous ether (15 c.c.) was added slowly, with gentle shaking. A vigorous 
reaction took place, and a white solid separated, which later largely dissolved in the ether. Towards 
the end of the addition, a heavy oil separated from the ethereal layer. The reaction mixture was then 
heated on the water-bath for 15 minutes, allowed to cool, and poured into a cold mixture of dilute 
sulphuric acid (60 c.c.) and water (100 c.c.). The product was then steam-distilled for } hour, and a 
yellow residual oil was obtained, which solidified overnight. This was filtered off and twice recrystallised 
from ethanol in the form of white rosettes, m. p. 70-5—71-5°, which contained bromine but no fluorine. 
The aqueous solution remaining in the flask after steam-distillation contained fluorine, indicating that 
halogen interchange had taken place at some stage of the reaction. The crystalline solid of 
m. p. 70:-5—71-5° was proved to be diphenyl-2-2’-bromoethoxyethylcarbinol, by analysis, molecular- 
weight determination, and mixed m. p. (Found: C, 60-9; H, 5-9; Br, 241%; M, 305. Calc. for 
C,;H,,0,Br: C, 60-9; H, 5-6; Br, 239%; M, 335). 

Condensation of Diazoacetic Ester with Fluoroethyl Alcohol.—Diazoacetic ester (0-057 mol.) was 
warmed under reflux with redistilled absolute 2-fluoroethyl alcohol (60 g., 0-94 mol.) for 4 hours. No 
evolution of nitrogen could be observed during this period, and distillation yielded no material with a 
b. p. higher than that of diazoacetic ester (47°/21 mm.). No condensation had taken place. 

The experiment was repeated under the same conditions except that concentrated hydrochloric 
acid (3 c.c.) was also added, but again no nitrogen was evolved, and no high-boiling fraction was 
obtained. 

The procedure was then repeated without the addition of hydrochloric acid, but using a crude fluoro- 
ethyl alcohol. 

Diazoacetic ester (11-4 g., 0-1 mol.) was added slowly to undried fluoroethyl alcohol (10 g., 0-17 mol.), 
contained in a flask fitted with a reflux condenser. A vigorous evolution of nitrogen took place, and 
sufficient heat was generated to boil the solution. After about 5 minutes the yellow colour disappeared, 
and the mixture was heated on a steam-bath for } hour and then distilled. 2-Fluoroethyl alcohol 
distilled first, and the fraction of b. p. 78—-83°/17 mm. was collected. This redistilled at 84—86°/23 mm 
(Found: F, 11-1. C,H,,0O,F requires F, 127%). The low fluorine content was caused by water in 
the crude fluoroethyl alcohol reacting with diazoacetic ester to form ethyl glycollate, b. p. 160°/760 mm. 
The product was therefore shaken with an equal volume of water to remove the ethyl glycollate which 
is moderately soluble in water, and the lower (non-aqueous) layer run off. The oil was diluted with 
ether, dried (Na,SO,), filtered, and distilled, the ethyl 2-fluoroethoxyacetate, b. p. 81°/21 mm., being 
collected as a colourless mobile liquid (Found: F, 12-25. C,H,,0;F requires F, 12-7%). 

Ethyl 2-Fluoroethyl Carbonate.—Ethyl1 chloroformate (11 g., 0-1 mol.) and redistilled 2-fluoroethyl 
alcohol (6-4 g., 0-1 mol.) were heated on a steam-bath under a reflux condenser fitted with a calcium 
chloride tube, until evolution of hydrogen chloride had ceased (10 hours), and the reaction product was 
distilled twice, the carbonate being obtained as a colourless liquid, b. p. 56—57°/14 mm. (Found: F, 14-1. 
C;H,O,F requires F, 14-:0%). 

3-Fluoropropanol.—This was prepared in a rotating autoclave by a technique similar to that 
described for fluoroethanol (Saunders, Stacey, and Wilding, this vol., p. 773). Quantities used were: 
triethylene chlorohydrin (127 g., 1-33 mols.), dry potassium fluoride (210 g., 3-6 mols.). Time of heating, 
4 hours at 155—170°. B. p. 123—128°. Yield ca. 40%. The physical properties of this compound 
were first described by Kharasch (private communication). 

2-3’-Fluoropropoxyethyl Cyanide.—Aqueous potassium hydroxide (40%; 2 c.c., 0-016 mol.) was 
added to 3-fluoropropanol (24 g., 0-3 mol.), and vinyl cyanide (16 g., 0-3 mol.) was added with stirring. 
The temperature rose as the addition proceeded, and was kept below 60°. The mixture was set aside 
overnight, then neutralised with dilute hydrochloric acid, and extracted with ether. The ethereal 
solution was dried (Na,SO,), filtered, and distilled under reduced pressure. 2-3’-Fluoropropoxyethyl 
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cyanide was obtained as a colourless liquid, b. p. 105—108° (30-5 g., 76%), with a faint pleasant odour 
insoluble in water (Found: F, 14:2. C,H,jONF requires F, 14-5%). . P 

B-3-Fluoropropoxypropionic eee ee ee cyanide (30 g., 0-23 mol.) was mixed 
with concentrated hydrochloric acid (100 g.), heated under a reflux condenser on a steam-bath for 
4 hours, and set aside for 16 hours. The ammonium chloride which crystallised was dissolved by addi 
an equal volume of water, and the aqueous solution was extracted with ether. The ethereal solution 
was antes (Na,SO,), filtered, and distilled. The acid was obtained as a colourless water-soluble liquid 
b. p. 144—150°/13 mm. (13 g., 32%), which did not crystallise at —10° (Found: F, 12-7. C,H,,0,F 
requires F, 12-7%). 

nt) ¢-Plnsrepeopenypreplonst Bieter) ane acid (12-5 g., 0-083 mol.) was 
added dropwise to thionyl chloride (12-5 g., 0-1 mol.) in a flask fitted with reflux condenser and calcium 
chloride tube. The mixture was then heated until no more hydrogen chloride was given off (1 hou 
and distilled under reduced pressure, the acid chloride being collected at 86—90°/13 mm. (8 g., 58%) 
as a pungent colourless liquid which fumed in air (Found: equiv., 169-9. C,H,,0,CIF requires 
equiv., 168-5). 

Ethyl y-3-Fluoropropoxybutyrate.—B-3-Fluoropropoxypropiony] chloride (7:5 g., 0-045 mol.) in dry 
ether was added to a mechanically stirred solution of diazomethane (6-3 g., 0-15 mol.) in dry ether 
(300 c.c.), cooled in ice, and the ethereal solution set aside overnight. The ether and excess of diazo- 
methane were then removed below 30° in a partial vacuum, leaving the diazomethy] 2-3’-propoxyethy| 
ketone as a yellow oil. 

The diazo-ketone was dissolved in absolute alcohol (100 c.c.) and warmed to 55—60° in a flask fitted 
with a mechanical stirrer and reflux condenser. Pure silver oxide (from 7 g. of silver nitrate), made 
into a slurry with absolute alcohol, was added in small portions to the stirred alcoholic solution. 
Nitrogen was evolved, and after the addition of silver oxide the mixture was heated under reflux with 
stirring on a steam-bath for 1 hour, during which time silver was slowly deposited as a mirror. The 

roduct was cooled and the silver and oxide removed by filtration. The alcohol was removed from the 

trate, and the residual red oil was fractionated under reduced pressure, giving the ethyl y-3-fluoro- 
propoxybutyrate as a colourless liquid, b. p. 110—111°/14 mm. (1-5 g., 10%) (Found: F, 9-7. C,H,,0,F 
requires F, 9-9%). 


We express our thanks to Imperial Chemical Industries, Ltd. (Widnes), for a grant, and to Magdalene 
College for a Research Studentship held by one of us (F. J. B.) during the course of this work. 
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587. The Constitution of Ngaione. 


By C. W. Branpt and D. J. Ross. 


Ngaione, C,,H,,0;, obtained from the essential oil of Myoporum laetum Forst, has been shown 
by oxidation with potassium permanganate and potassium ferricyanide to possess the partial 
structure (I), incorporating 3-furyl, acetyl, and isobutyl groups, and a residue, C,H,O. 
Experiments designed to open one or both of the oxide rings are described, and the absorption 
spectrum of ngaione is recorded. 


NGAIONE occurs to the extent of about 80% as a liquid ketone in the essential oil obtained by 
steam-distillation of the leaves of the New Zealand tree Myoporum laetum Forst. It was first 
studied by McDowall (J., 1925, 2200; 1927, 731; 1928, 1324) who established the formula 
C,;H,,0, and the presence of a carbonyl group and of two ethylenic linkings, and concluded that 
the remaining two oxygen atoms were probably present in two oxide rings, possibly furan or 
reduced furan rings (Thesis, Univ. London, 1927). Simonsen (“The Terpenes,” Vol. II, 
Cambridge Univ. Press, 1932) also states that ngaione is probably a furan derivative, like the 
ketone elsholtzione. McDowall carried out many transformations of ngaione, e.g., he prepared 
ngaiol and dehydrongaiene dioxide and their hydrogenated derivatives. Catalytic hydrogenation 
of ngaiol in acetic acid opened one oxide ring, and an oxido-glycol was obtained. By the action 
of halogen acids on ngaione derivatives and subsequent dehalogenation he obtained straight- 
chain alcohols and hydrocarbons, but owing to the poor yield and complexity of the products 
no detailed examination of these compounds was carried out. 

In an attempt to determine the position of the carbonyl group, McDowall (Thesis) oxidised 
tetrahydrongaione with sodium hypobromite and obtained a dibromo-derivative, C,,H,,O,Br,, 
with a trace of acids similar in odour to isobutyric acid; a trial oxidation with potassium 
permanganate gave a small yield of acids, but no definite conclusions were drawn. With 
chromic acid ngaione gave only a little oxalic acid, whilst oxidation with silver oxide gave no 
identifiable products. 

The following is a summary of the results obtained by the present authors from oxidation 
experiments on ngaione and tetrahydrongaione: (a) A trial ozonisation of ngaione in carbon 
tetrachloride gave a mixture of complex liquid acids but no simple carbonyl compounds; 
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(6) In neutral acetone, some permanganate was absorbed and ngaione was recovered as a colourless 
oil (when purified by distillation ngaione always retains a pale yellow colour which is apparently 
removed by potassium permanganate); in pyridine, ngaione gave mixed acids (mainly oxalic 
acid), and in suspension in sodium carbonate solution yielded pyruvic acid in small amount and 
mainly a mixture of liquid acids of high molecular weight; tetrahydrongaione in aqueous 
suspension yielded oxalic and isovaleric acid. (c) Ngaione when oxidised with alkaline potassium 
ferricyanide gave 3-furoic (II), pyruvic, isobutyric, and isovaleric acid. 

These results establish the presence of a 3-furyl group in ngaione and thus the position of the 
ethylenic linkings. The formation of isovaleric and pyruvic acid demonstrates the presence of 
isobutyl and acetyl side-chains. Confirmatory evidence for the presence of the latter group is 
provided by the positive iodoform test given by ngaione. It is thus possible to write the partial 
structure of ngaione with its potassium ferricyanide oxidation products as follows : 


H 
— oye H -CO,H H “OR 
H 4 (CHrOlsu if HH acCO,H + Bul-CO,H hil ae 2 3 
H H H H 
\o/ \o” \o” ~ Hy 


(I.) (II.) (III; R = glucosyl). 


The only reported occurrence, among essential oils, of a solely 3-substituted furan ring is 
that of perillene (3-4’-methylpent-3’-enylfuran) from Perilla citriodora (Kondo and Suzuki, Ber., 
1936, 69, B, 2459), but various 2-substituted furan 
derivatives are known, viz. : elsholtzione (2-isovaleryl- 
3-methylfuran), from the oil of Elsholtzia cristata 
(Asahina, Murayama, Shibata, Kariyone, Kuwada, 
and Asano, Acta Phytochim., 1924, 2, 1); aucubin 0 
(III), a glycoside present in many seed plants (Karrer 3* 
and Schmid, Helv. Chim. Acta, 1946, 29, 525) ; carlina 10 
oxide (benzyl-2-furylacetylene) (Gilman, Van Ess, 
and Burtner, J. Amer. Chem. Soc., 1933, 55, 3461); ou 1 , ed 
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(Jackson and Short, J., 1937, 513). It is of interest 4 bsorption spectrum of ngaione in hexane. 


to note that three of the compounds possessing a 
3-substituted furan ring, viz., ngaione, perillene, and elsholtzione, are grouped botanically in the 
Lamiales. 

In an attempt to obtain further information about the oxide ring systems in ngaione experi- 
ments were conducted to open one or both rings. One of the oxide rings in ngaione was opened 
by hydrogenation in glacial acetic acid with Adams’s platinum oxide catalyst. Three molecules 
of hydrogen were slowly absorbed at atmospheric or at 4 atmospheres pressure. The product 
consisted chiefly of a mixture of an oxido-alcohol, C,;H,,O3, and its acetate, C,,H3,O,, the former 
being obtained pure by hydrolysis and distillation, and the latter by repeated acetylation of the 
crude hydrogenation product. Vanillin and concentrated hydrochloric acid gave a red colour 
with the oxido-alcohol similar to that obtained by McDowall with the oxido-glycol formed by 
hydrogenation of ngaiol with Skita’s catalyst. The oxido-alcohol gave no solid semicarbazone, 
and its acetate gave no solid oxime or 2 : 4-dinitrophenylhydrazone, but survival of the carbonyl 
group was proved by its determination with hydroxylamine hydrochloride (Bennett, Analyst, 
1909, 84, 14) and by a positive colour test with sodium nitroprusside. The failure of ngaione and 
its transformation products to form well-defined solid derivatives was frequently observed by 
McDowall. 

McDowall observed a reaction on heating ngaione under reflux with acetic anhydride and 
concluded from determination of the ester value that an enolic acetate of ngaione was produced 
insmall yield. This experiment was repeated by us but with longer reaction periods. Fractional 
distillation of the heterogenous product gave an acetate in which the presence of the 
carbony group was indicated by a positive nitroprusside reaction and determination with 
hydroxylamine hydrochloride. Hydrolysis apparently gave ngaione. It appears therefore 
that acetolysis opens one of the oxide rings, but that hydrolysis of the acetate leads, not to an 
oxido-alcohol, but to the more stable dioxide ngaione. 

The absorption spectrum of ngaione (see figure) was determined in hexane solution. No 
absorption maxima were observed within the wave-length range 217—360 my. 
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EXPERIMENTAL. 


Essential Oil.—Leaves and terminal branches (1 ton) of Myoporum laetum Forst were steam-distilled 
and the distillate was collected in a receiver containing light petroleum. The aqueous distillate was 
extracted twice with light petroleum. The combined solutions yielded a pale reddish-brown essential] 
oil (700 g.), which on fractional vacuum-distillation yielded approx. 80% of ngaione, b. p. 124°/0-4 mm 
ais yg oi i [Rz]p 69-14 (Calc. for 2|— : 69-43) (Found: C, 71-9; H, 8-9. Calc. for C,,H,,0, : 
C, 71-9; H, 8 . . 

Oxidation oa Potassium Permanganate.—(a) Ngaione (5-0 g.) in pyridine (90 g.) absorbed potassium 
permanganate in acetone (2%; 300 c.c.) in 24 hours when stirred at room temperature. The manganese 
dioxide was filtered off and the acetone evaporated from the filtrate. The residual solution and hot-water 
washings of the sludge were made slightly acid with sulphuric acid and extracted with ether. The ethereal 
solution, after extraction with sodium carbonate and sodium hydroxide solutions, yielded ngaione (4-7 g.), 
The sodium carbonate solution on acidification and extraction with ether yielded liquid acids (0-35 g) 
smelling of lower fatty acids; on storage, white crystals separated which on recrystallisation from water 
had m. p. 90—95°, not depressed on admixture with oxalic acid. Acidification of the dilute sodium 
hydroxide solution yielded partly crystalline, odoriferous acids (0-1 g.) which were not further examined, 

(6) (i) Ngaione (3-0 g.) was stirred in suspension in aqueous sodium carbonate solution (15%; 100c.c.) 
and aqueous potassium permanganate solution (2%; 506 c.c., equiv. to 8 atoms of oxygen) added at 
room temperature during 2:5 hours. The manganese dioxide was filtered off and the acidified filtrate 
after continuous ether extraction, yielded partly crystalline material (2-9 g.) which on recrystallisation 
from water proved to be oxalic acid. (ii) Oxidation of ngaione (5-0 g.) in sodium carbonate solution 
(10%; 100 c.c.) with aqueous potassium permanganate (2%; 422 c.c., equiv. to 4 atoms of oxygen) for 
5-5 hours at 0° yielded liquid acids (2-0 g.) which distilled without decomposition as follows: up to 
160°/760 mm., 0-2 g.; 145—150°/0-2 mm., 0-6 g.; 150—155°/0-2 mm., 1-3 g. The p-bromophenacyl 
esters (Judefind and Reid, J. Amer. Chem. Soc., 1920, 42, 1043) of the first fraction were prepared and 
when recrystallised from ethanol gave white platelets, m. p. 130°, not depressed on admixture with 
p-bromophenacyl pyruvate, m. p. 134°. 

(c) Tetrahydrongaione (3-6 g.) in aqueous suspension (100 c.c.) was oxidised at 100° with aqueous 
potassium permanganate (2%; 1058 c.c., equiv. to 14 atoms of oxygen) for 4 hours. The filtrate and 
washings from the residual manganese dioxide gave insoluble calcium salts (2-7 g.) from which oxalic acid 
was isolated. The filtrate from the precipitated calcium salts was acidified and extracted with ether. 
The resulting liquid acids (0-3 g.) were treated with p-bromophenacyl bromide, forming an ester which on 
recrystallisation from aqueous ethanol gave white needles, m. p. 67—-68°, not depressed on admixture 
with the ester, m. p. 68-5°, of isovaleric acid. 

Oxidation with Potassium Ferricyanide.—Ngaione (26-6 g.) was oxidised with powdered potassium 
ferricyanide (1 kg.) in aqueous potassium hydroxide (10%; 1 1.) by heating the mixture under reflux 
with stirring for 4-5 hours. The reaction mixture was steam-distilled and the distillate (450.c.c.) extracted 
with ether which on evaporation yielded an oil (15-3 g.), apparently ngaione. The ethereal distillate gave 
a negative nitroprusside ketone reaction. The steam-distillation residue was extracted with ether to 
remove the remaining neutral material, diluted with water until excess of salts were in solution, acidified, 
and extracted with ether. The resultant acids (3-7 g.) partly crystallised when cooled in an ice-salt 
mixture. The crystals were filtered off, pressed free of liquid acids, and decolorised in aqueous 
solution with charcoal. Recrystallisation from water and sublimation gave white needles, m. p. 
120—121°, not depressed on admixture with authentic 3-furoic acid (Found: C, 53-3; H, 33%; equiv., 
by titration with 0-1n-sodium hydroxide, 113. Calc. for C;H,O,;: C, 53-6; H, 36%; equiv., 112). 
3-Furoic acid gave no colour with tetranitromethane in carbon tetrachloride. The Levine-Shaughnessay 
test (Biochem. J., 1933, 27, 2047) for furan and its derivatives gave an indefinite result. When 3-furoic 
acid was warmed on the steam-bath with isatin and concentrated sulphuric acid a brownish-red colour 
resulted, in contrast to the violet-blue colour developed with 2-furoic acid. 

The liquid acids (1-81 g.) were distilled at atmospheric pressure as follows: (i) 100—108°, 0-04 g., 
sharp-smelling liquid; (ii) 110—158°, 0-27 g., liquid; (iii) 158—159°, 0-28 g., liquid; (iv) 159-—182°, 
0-41 g., liquid containing a few crystals; (v) 195—206°, 0-39 g., yellow, partly crystalline. Fraction (i) 
gave with p-phenylphenacyl bromide a crystalline product, m. p. 115—125°, which was not identified. 
In further oxidation experiments colour tests were employed to detect formic acid but none was found. 
Fraction (ii) gave a partly crystalline p-bromophenacy] ester in poor yield; recrystallisation from methanol 
gave white needles, m. p. 121—125°, which were not identified. Fraction (iii) gave a p-bromophenacyl 
ester which on recrystallisation from ethanol gave white needles, m. p. 74-5°, not depressed on admixture 
with the same ester, m. p. 75°5°, of isobutyric acid. The liquid acids were decanted from the solid 
material present in fraction (iv) and with p-bromophenacy] bromide gave oily crystals which on recrystal- 
lisation from ethanol yielded an ester, m. p. 59°, not depressed on admixture with the same ester of isovaleric 
acid; further crystallisation of the ethanolic mother-liquors gave white platelets, m. p. 136°, not depressed 
on admixture with the same ester of pyruvic acid. No identifiable p-bromophenacy]l ester was obtained 
from the yellow oily acids of fraction (v); the crystalline acid present in this fraction was 3-furoic acid. 

Hydrogenation of Ngaione.—Ngaione (12-0 g.) in glacial acetic acid (75 c.c.) was shaken with Adams's 
catalyst (0-6 g.) and hydrogen at a pressure of 4 atmospheres, 3 mols. (3540 c.c. at N.T.P.) being absorbed 
in 27 hours. Two additions of fresh catalyst were required during the reaction. The product was 
recovered in the usual way, and a portion (76 g.) distilled at 0-3 mm. to give the following fractions of 
colourless oil : (i) 86—90°, 0-6 g., sweet odour; (ii) 93—120°, 2-3 g., sweet odour; (iii) 118—122°, 2-5g.; 
(iv) 122—125°, 0-4 g.; (v) 125—135°, 0-9 g. {Found, for fraction (iv) : ester val., 40; [Rz]p 83-1. Calc. 
for the oxido-acetate, C,,HO,: ester val., 188; [Rz]p 81-8}. The crude reduction product (1-43 g.) 
was hydrolysed in a pressure-bottle with 2Nn-alcoholic potash at 100° for 4 hours. Three fractional 
distillations of the recovered neutral oil yielded the colourless oxido-alcohol (0-54 g.), b. p. 108—111°/0-2 
mm., d?° 0-9757, n3? 1-4662, [Rz]p 71-7 (Calc. : 72-3) (Found: C, 70-6; H, 11-0. C,,H,,O, requires C, 
70-3; H,11-0%). Heating the crude reduction product (3-3 g.) with acetic anhydride (17 c.c.) and fused 
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sodium acetate (1-7 g.) under reflux for 2-5 hours gave a somewhat viscous oil (3-3 g.); repeated 
distillation then gave the acetate (0-67 g.) as a colourless oil, b. p. 134—136°/0-4 mm., dj® 0-9874, n}f 
14575, [Rzlp 82-4 (Calc.: 81-8) (Found : C, 68-7; H, 10-2; CO, determined by hydroxylamine 
hydrochloride, 9-1. C,,Hg9O, requires: C, 68-4; H, 10-1; CO, 9-4%). 

Action of Acetic Anhydride on Ngaione.—(i) With sodium acetate. Ngaione (2-5 g.) was heated under 
reflux for 16 hours with acetic anhydride (15 c.c.) and fused sodium acetate (1-9 g.). Water (100 c.c.) was 
added and the mixture heated on the steam-bath for 30 minutes. The product was extracted with ether, 
and the ethereal solution washed with sodium carbonate solution (5%) and then with water until neutral. 
Evaporation of the dried ethereal solution yielded a brown, mobile, sweet-smelling oil (2-6 g.). Two 
distillations gave, as main fraction, _the odourless, light-yellow acetate, b. p. 144—146°/0-6 mm., d?° J-027, 
#% 1-4874, [Rr)p 81-9 (Calc. for 3|- : 80-5) (Found: CO, determined as above, 9-7%, ester val., 178. 
CHO, requires CO, 96%; ester val., 192). Hydrolysis of the acetate (3°5 g.) with 1-5n-ethanolic 

tash for 1-5 hours gave a brown, mobile oil (3-0 g.); distillation yielded ngaione (?) as an odourless, 

le yellow oil (2°5 g.), b. p. 125—126°/0-8 mm, aye 1-028, 2° 1-4797, [Rz]p 69°07 (Calc. for 2: 
69-43. Calc. for 3/—: 71-0) (Found: C, 72-0; H, 8-9. Calc. for C,,H,,0,: C, 71-9; H, 8-9%). 

(ii) With zinc chloride. Ngaione (1-35 g.) was heated under reflux with acetic anhydride re c.c.) and 
fused zinc chloride (0-01 g.) for 2-5 hours, yielding a dark brown, soft resin (1-4g.) (Found: ester val., 123. 
Calc. for C,,H,4O,: ester val., 192). The resin decomposed on distillation at 0-3 mm. 

(iii) With acetic-sulphuric acid. Ngaione (2-2 g.) was added to acetic anhydride (21 c.c.), glacial acetic 
acid (9 c.c.), and concentrated sulphuric acid (0-6 c.c.) at 0°, and kept at room temperature for 24 hours. 
Extraction of the product with chloroform yielded a dark brown, soft resin (Found: ester val., 256. 
Calc. for the diacetate, C,,H,,0O,: ester val. 318). The resin decomposed on distillation at 0-3 mm. 


We are indebted to Professor Henry Gilman, Iowa State College of Agriculture, for determining the 
mixed m. p. of 3-furoic acid, to Dr. F. H. McDowall for samples of ngaione and its derivatives, and to the 
Department of Scientific and Industrial Research, New Zealand, for a grant towards collection of leaves 
and for laboratory facilities. 


DoMINION LABORATORY, WELLINGTON, NEW ZEALAND. [Received, July 18th, 1949.] 





588. Molecular Polarisation and Molecular Interaction. Part III. 
The Use of Dielectric Polarisation Measurements in studying the 
Extent of Molecular Interaction in Solution. The System Aniline- 
Dioxan—Benzene. 

By A. V. Few and J. W. SMITH. 


On the assumption that when two molecular species A and B associate in solution to give 
a complex AB the active masses can be represented by the molar concentrations, an equation 
has been derived relating the equilibrium constant (K) of the association process and the 
molecular polarisation (P,,) of the complex with the apparent increase in the molecular polaris- 
ation of A at infinite dilution. This relation permits the values of K and of Pax to be deduced 
from measurements of the molecular polarisation of A in various mixtures of B with an inert 
solvent. The method has been applied to data derived from measurements on dilute solutions 
of aniline in mixtures of dioxan with benzene, and leads to the inference that the dipole moment 
of the complex formed between aniline and dioxan is about 1-88 D., whilst at infinite dilution 
in pure dioxan about 65% of the aniline is in the form of complex. 


DIELECTRIC polarisation measurements have long presented a potential means not only for 
detecting the formation of intermolecular complexes in the liquid state but also for determining 
the extent to which such complexes are formed. Earp and Glasstone (J., 1935, 1709) considered 
the case of a mixture of compounds A and B which can yield an additive compound AB in which 
a definite linkage is formed. They supposed that the extrapolated value of the molecular 
polarisation of A at infinite dilution in B (P,,,), calculated on the assumption that the molecular 
polarisation of B (Pg) remains constant, gives the contribution of A and of the new linkage in 
the compound, and hence that the molecular polarisation of the compound is given by Py, + 
P;. From this value, combined with a knowledge of the value (P,) of the molecular polaris- 
ation of A in solutions of equal dielectric constant in solvents in which no compound is formed, 
they interpreted the molecular polarisation of solutions containing finite concentrations of 
Ain B in terms of the relation 


P = Pafy — #)/(1 — *) + Palfe —#)/(1 —#) + Pape(L—*) . . . - () 


where f, and fg are the molar fractions of the initial components A and B, respectively, 
and x denotes the amounts of these which pass into the form of compound. This equation 
permits the calculation of x, which in turn allows the derivation of a mass-action constant 
K = «(1 — *)/(f, — *)(fg — *) wherein the activities are expressed by the molar fractions. 
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This approach was criticised by Hammick, Norris, and Sutton (J., 1939, 1755) on the grounds 
that unless K is infinite, all the A is not in the form of AB at infinite dilution. Further, they 
pointed out that in the calculation of P the mean molecular weight of the solution was taken by 
Earp and Glasstone as M,f, + Mpfg, whereas its true value is (Myf, + Mpfz)/(1 — x), so 
that equation (1) should be written 


P= Palfa _ *) + Pz(fp _ x) oa Ppt . e ° ‘ ‘ : ae (2) 


FinaJly they also questioned the applicability of the mass-action law over the full composition 
range of binary mixtures. 

Hammick, Norris, and Sutton tested various alternative methods for the solution of this 
problem, but reached the conclusion that the only dielectric-constant method which produced 
significant results involved measurements on dilute solutions of the two components in a third, 
unreactive, solvent. If the two reactive components were present in a constant proportion, the 
values of the molecular polarisation of the solution compared with those expected if no compound 
were formed (corrected for the variation of the molecular polarisations with the dielectric con- 
stant of the medium) were found to increase linearly with increasing concentration. They 
deduced that, if R is the difference between the observed and the theoretical value of the 
molecular polarisation of the mixture then 


R= (Paz _ P, - Px)*/(fa + fs) ° . ° . . ° ° . ° (3) 


Hence either P,p or x could be evaluated if the other were known, whereas, if neither was 
known, the function (Pag — P, — Ppg)* could be used to give comparative data. 

It was found that this function was large for mixtures of chloroform and triethylamine, 
noticeable for chloroform and diisopropyl ether, and within experimental error for chloroform 
and nitromethane. As this was in accord with the known behaviours of tertiary amines, ethers, 
and nitro-compounds, respectively, as electron-donors in hydrogen-bond formation, it supported 
this general approach to the problem. The limitations of the method were well appreciated 
by the authors, but the method depends on the determination of the difference between the 
molecular-polarisation values for solutions of a mixture of A and B and of A and B separately 
in an inert solvent at finite concentrations of all three components. As the molecular 
polarisation of a polar solute decreases with increasing concentration in a manner which so far 
cannot be calculated on any theoretical basis, the results must be regarded as approximate 
and only comparative for various systems. Also, whilst the method gives an indication of 
molecular interaction, the extent to which the latter occurs cannot be deduced by this means, 

A more promising approach seems to be the “‘ Method 4” discussed by Hammick, Norris, 
and Sutton. This involves the determination of the apparent molecular polarisation at infinite 
dilution of a compound A in an active solvent B, in an inert solvent S, and in mixtures of B and 
S in constant proportion. This method was rejected by them on account of the results obtained 
with the system diisopropyl ether-chloroform—benzene, which led to different results according 
to whether the ether or the chloroform was considered as the solvent at low concentration. 
These grounds seem rather inadequate, as this system covers a wide range of dielectric constants, 
and examination of their experimental data shows that there was a considerable possible error 
in the values used for the molecular polarisation. 

Such a system may, however, be treated as follows. If the weight fractions of A, B, and S 
in a solution are w,, Wg, and wg, respectively, and amounts Aw, and Aw, of A and B, 
respectively, pass into the form of a compound AB, then the total specific polarisation of the 
solution is given by p = pa(w, — Aw,) + Pp(we — Awg) + Pan(Aw, + Awg) + Psws where 
Pa, Pp, Pap, and pg are the specific polarisations of A, B, the compound, and S, respectively. 
The apparent specific polarisation of A (,*), calculated on the assumption of no compound 
formation, is given by w,p,* = p — WgpPg — Wgps, and hence w,(p,* — 4) = Pap(Aw, + 
Awyz) — AwgPg — Aw,gp,. On introducing the relation Aw,/Awg = M,/Mg3, where M, and 
My are the molecular weights of A and B, respectively, we obtain the expression 


P,* —-Py = AP(Aw,/w,) SS ee te ee oh oe ee ee ee (4) 


where AP = Pyy — Py — Px, i.e., the increase in molecular polarisation attending the formation 
of 1 g.-mol. of AB. 

This expression is similar in form to equation (3) derived by Hammick, Norris, and Sutton, 
but with the increment in polarisation referred to the apparent increase of P, instead of to the 
increase of P above the theoretical value. The equation should hold generally whether any 
inert third component is present or not, and, since for any particular system AP is constant, 
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the value of P,* — P, will be proportional to the fraction of the B present which passes into the 
form of compound. 

Further, if the active masses of the reactants can be expressed by their concentrations in 
g.-mol. per c.c., then by the law of mass action it follows that K = ¢,p/¢,cy = Aw, /cy(w, — 


Aw,), Or 
w,/Aw, =1+ 1/Keg a ea) ee he oes 2 ee ie (5) 


But, from equation (4), w,/Aw, = AP/(P,* — P,), and, as cg = wgd/Mpg, where d is the density 
of the solution, therefore 
AP|(Ps* — Ps) = Ms/Kupd +1. «. « «~~ ~ + + (6) 


At infinite dilution of A in B or in mixtures of B and S in constant proportions, wg, is the 
actual weight fraction of B in the solvent mixture used, and hence the validity of the assumptions 
made can be tested by studying the apparent molecular polarisation of A in such solutions and 
deriving the values at infinite dilution in each case. From equation (6) a plot of 1/(P,* — P,) 
against 1/wgd should be linear, with a slope M,/KAP and an intercept on the y axis equal to 
1/AP. 

: Since the molecular polarisation of aniline varies only slightly with the dielectric constant 
of the medium, it appeared to be a suitable solute to study from this point of view, particularly 
as it shows abnormally high molecular polarisation, attributable to hydrogen bonding, in 
dioxan, a solvent the dielectric constant of which differs only a little from that of benzene (Few 
and Smith, this vol., p. 753) The apparent molecular polarisation of aniline in three constant- 
ratio mixtures of benzene and dioxan has therefore been studied, and the values at infinite 
dilution derived. The results are summarised in Table I, together with the figures for solutions 
of aniline in benzene and in dioxan recorded previously (loc. cit.). The symbols have the same 
significance as in the previous communications. As is to be expected the value of P,,, increases 
progressively with increasing concentration of dioxan. 


TABLE I. 
Polarisation Data for Aniline in Benzene—Dioxan Mixtures. 
Dioxan in solvent P, Lp a 
(wt.-%). a. a’, B. (c.c.). (c.c.). (c.c.). (D.). 
0-00 2-933 1:77 —0-1720 78-35 30-7 46-12 1-505 
9-07 3-122 1-36 —0-1604 80-79 30-9 48-35 1-540 
15-52 3-244 1-12 —0-1517 82-32 30-9 48-85 1-563 
49-21 3-780 0-73 —0-0982 88-28 30-9 55-78 1-655 
100-00 4-520 0-32 —0-0127 95-11 30-9 62-64 1-750 
TaBLeE II, 
Prw 1/(Pao* — Paw) 
wg X 100. d. 1/wpd. 1/(Paco* — Pac): (corr.). (corr.). 
9-07 0-8823 12-49 0-410 80-76 0-415 
15-52 0-8951 7-20 0-252 82-26 0-255 
49-21 0-9442 2-152 0-101 87-96 0-104 
300-00 1-0280 0-973 0-060 94-07 0-063 


Table II shows the values of 1/wpd and 1/(P,,,* — P,a,), where Py, is taken as the P,_ 
value for benzene solution, and P,,* as the corresponding value for solutions in the dioxan- 
containing solvent. The linearity of the plot of 1/wgd against 1/(P,,.* — P,,,) supported the 
assumptions made in the derivation of equation (6). From the intercept of the best straight line 
through these points, derived by the method of least squares, the value of AP is 28°6 c.c., and 
thence from the slope (0°0301) K is 128. 

However the apparent molecular polarisation of aniline in dioxan solution decreases fairly 
rapidly with increasing concentration, i.e., with increasing dielectric constant of the medium 
(Part I), and in the present work it has been found that the rate of decrease in the mixed solvents, 
although less than in pure dioxan, is much greater than in benzene itself. That this rate of de- 
crease is much greater than can be accounted for by the decrease in the proportion of aniline 
which passes into the form of complex, and hence that it is attributable to a large solvent effect, 
_ is shown by the following argument. On the assumption that the mass action law holds, 
P,* — P, should be proportional to the fraction of the aniline introduced which passes into the 
form of complex, i.e., to Aw,/w, (equation 4). For infinite dilution in pure dioxan this is 
16°76/28°6 = 0°582. Now equation (5) can be written w,/Aw, = 1+ Mg/wpgdK. For a 
solution of aniline in dioxan in which the weight fraction of aniline is 0°11089, wz, = 0°88911, 
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d = 1-0292 (Part I, Table II), and hence, on the assumption that K = 128 and M, = 88:), 
Aw,/w, = 0°571. This leads to a theoretical value of 16°44 for P,* — P, at this concentration, 
whereas the observed value was 9°81 as compared with benzene solution at infinite dilution or 
11°66 relative to the molecular polarisation of aniline in benzene solution at the same dielectric 
constant. 

As the decrease of molecular polarisation with increasing concentration must be due prin- 
cipally to the solvent effect, and only subsidiarily to the decrease in the degree of association, 
an approximate correction for the solvent effect has been made by interpolating the values of 
P,* in each solvent at a dielectric constant equal to that of benzene. This led to the modified 
values, P,,,* (corr.), shown in the fifth column of Table II. Using these “ corrected ”’ values, 
the plot of 1/wgd against 1/(P,,.* — P,,,) leads to AP = 25°6 and K = 116. 

Whilst this treatment can be regarded as only approximate, if AP = 25°6 c.c. the orientation 
polarisation of the complex is 71°6 c.c. and its dipole moment 1°88 D. This increase as compared 
with the moment of aniline in benzene seems reasonable if it is due to an increase in the 
mesomeric moment of aniline caused by the proton displacement towards the dioxan molecule 
and by a shift of the electrons in the dioxan molecule. This result leads to the inference that at 
infinite dilution of aniline in pure dioxan about 65% of the aniline is in the form of the complex. 


EXPERIMENTAL. 


The materials were purified by the methods described in Part I, and the same procedures were used 
for the determination of the dielectric constants, specific volumes, and refractive indices, and for the 
derivation of the values of P,,, andy. The benzene-dioxan mixtures were made up in batches by weight, 
and each group of aniline solutions was prepared from the same batch of solvent mixture. 

The results are recorded in Table III, where the symbols have the same significance as previously. 


TABLE III. 
Polarisation Data for Solutions of Aniline in Benzene-Dioxan Mixtures. 
100wy. E42: Vi. Pr2- Ps. Np. 19 
9-074 wt.-% dioxan. 
12831 0-33538 — 1-4920 0-32733 _— 
12661 0-34104 80-77 1-4929 0-32738 30-94 
12577 0-34380 80-40 1-4935 0-32745 31-18 
12456 0-34769 80-22 1-4941 0-32746 30-99 
12233 0-35492 79-93 1-4953. 0-32749 30-88 
11957 0-36372 79-46 1-4969 0-32753 30-82 
11826 0-36797 79-35 1-4977 0-32763 
11620 0-37395 78-98 1-4987 0-32756 
‘11221 0-38667 78-43 15013 0-32783 


0-0000 
1-0641 
1-5949 
2-3401 
3°7367 
54726 
6-3068 
7-5222 
10-1202 


a an ed 


15-524 wt.-% dioxan. 
11717 0-33150 _— 14877 0-32170 
11549 0-33760 81-90 1-4889 0-32191 
11467 0-34056 81-89 1-4895  0-32199 
11349 0-34470 81-54 1-4902 0-32204 
*11217 =0-34947 = 81-84 1-4909  0-32205 
‘10918 0-35982 80-71 1-4928  0-32223 
10817 0-36347 80-55 1-4936 0-32239 
10606 0-37058 80-13 1-4948 0-32244 
10485 0-37485 79-95 1-4955 0-32248 


49-211 wt.-% dioxan. 

0-0000 . 1-05909 0-31104 — 1-4629 0-29167 

1-6643 2- 105745 0-32149 87-44 1-4652 0-29246 31-58 . —0-098 

2-4221 , 1-05669 0-32619 87-21 1-4661 0-29271 31-16 3- —0-099 

3-3692 ° 105580 0-33194 86-73 1-4672 0-29305 30-98 . —0-0976 
45705 2-43 105460 0-33912 86-18 1-4686 0-29351 30-90 3: —0-0982 
5-8568 2- 1-05334 0-34665 85-59 1-4703 0-29403 30-92 3- —0-0982 
74558 2- 105179 0-35590 85-00 1-4722 0-29463 30-86 3- —0-0979 
8-2950 . 1-05094 0-36055 84-55 1-4734 0-29506 30-98 . —0-0982 
9-7794 : 1-04949 0-36861 83-79 1-4754 0-29570 31-00 , —0-0982 


0-0000 
1-1133 
1-6537 
2-4258 
3-3157 
5°2919 
5-9930 
7-3878 
8-2259 


el eel aeell eel ecl ell eel ell el 
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589. The Separation of Aromatic Amines by Partition Chromatography. 
Part I. An Investigation of the N-Alkylation of 3: 5-Dinitroaniline. 


By Joun C. Rosperts and KEITH SELBY. 


Five N-alkyl and two NN-dialkyl derivatives of 3: 5-dinitroaniline have been prepared 
by various methods; an efficient procedure for their separation and purification by partition 
chromatography is described. 


In an attempt to prepare 3 : 5-dinitrophenyltrimethylammonium bromide, 3 : 5-dinitroaniline 
hydrobromide was heated with methanol for 48 hours at 100° in a sealed tube. By analogy with 
the reaction of m-nitroaniline hydrobromide with methanol (Schliom, J. pr. Chem., 1902, [ii], 
65, 252—257) it was expected that the quaternary ammonium salt would be obtained, whereas, 
in fact, 3 : 5-dinitrodimethylaniline was isolated as.the only product and in 65% yield. All 
attempts to convert this compound into a quaternary ammonium salt were unsuccessful. 

A more complete examination of the N-alkylation of the primary amine was then carried 
out. The only recorded work on this problem appeared to be that of Blanksma (Rec. Trav. 
chim., 1902, 21, 266) who claimed the production of 3: 5-dinitromethyl- and 3 : 5-dinitro- 
dimethyl-aniline by interaction of the primary amine (1 mol.) with a methanolic solution of 
methyl iodide (1 mol.) in a sealed tube for 3 hours at 100°, but did not record any analytical 
data or separation of the products. 

N-Alkylation was attempted by (a) prolonged heating of 3 : 5-dinitroaniline hydrobromide 
with the appropriate alcohol in a sealed tube, (b) treatment of 3 : 5-dinitroformanilide with an 
alkyl halide and subsequent hydrolysis to the secondary amine, and (c) treatment of the primary 
amine with an alkyl sulphate. An attempt to prepare 3 : 5-dinitrodiethylaniline from bromo- 
3: 5-dinitrobenzene by treatment with diethylamine failed (cf. Holleman and ter Weel, Rec. 
Trav. chim., 1915, 35, 48). 

During our work it became apparent that increasing the chain length of the alkylating group 
always increased the difficulty of N-alkylation, this effect being most marked when passing 
from methyl to ethyl. 3 : 5-Dinitro-N-methylaniline was obtainable only by method (a) when a 
mixture of the primary base with its hydrobromide was used; even so, a considerable proportion 
of the tertiary amine was also produced. Reaction of 3: 5-dinitroaniline hydrobromide with 
ethanol under the conditions used in the preparation of 3 : 5-dinitrodimethylaniline yielded 
3 : 5-dinitroethylaniline as the only product and in high yield (80%). 3: 5-Dinitro-n-propyl-, 
3 : 5-dinitro-n-butyl-, and 3 : 5-dinitro-n-amyl-aniline were similarly obtained, but in decreasing 

ields. 
“ Direct dialkylation of the amino-group of 3: 5-dinitroaniline was successful only in the 
preparation of 3: 5-dinitrodimethylaniline. 3: 5-Dinitrodiethylaniline was obtained by 
prolonged reaction of 3 : 5-dinitroethylaniline with an excess of ethyl iodide at 100°, a consider- 
able quantity of the secondary amine remaining unchanged. A similar reaction between 
3: 5-dinitro-n-propylaniline and m-propyl iodide yielded insufficient tertiary amine for 
characterisation. 

The N-alkyl and NN-dialkyl derivatives are highly coloured, the secondary amines being 
in general yellow and the tertiary amines orange. They are apparently very weak bases; they 
dissolve quite readily in concentrated hydrochloric acid but the addition of even a small quantity 
of water to the solution precipitates the free amines. 

Some difficulty was at first encountered in separating and purifying the mixtures of primary, 
secondary, and tertiary bases which were frequently obtained. Fractional crystallisation 
proved ineffective, yielding, in some cases, an apparently pure crystalline compound which 
was shown by analysis to be a complex containing equimolecular quantities of, for example, 
primary and secondary bases. It is well known that the Hinsberg method of separating mixed 
amines (Ber., 1905, 38, 906) is often inapplicable to nitrated phenylamines. We found that 
3 : 5-dinitroaniline would not react with toluene-p-sulphony] chloride when the usual techniques 
were employed. Further, in test experiments with 3: 5-dinitroaniline and 3: 5-dinitro- 
ethylaniline, the technique developed by Alexander and McElvain (J. Amer. Chem. Soc., 1938, 
60, 2286) failed; first because the high temperature (210°) necessary to convert the 3-nitro- 
phthalamic acid, derived from the primary base, into the corresponding imide caused decom- 
position of some of the reactants, and secondly because 3-nitrophthalic anhydride did not react 
quantitatively with the secondary amine. 

Amines may be separated by taking advantage of their different basic strengths, in a process 
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involving partition of the bases between an aqueous acid layer and an immiscible solvent. We 
have increased the efficiency of this process, using the principles of partition chromatography 
(Martin and Synge, Biochem. J., 1941, 35, 1358; Gordon, Martin, and Synge, ibid., 1943, 37, 79). 
The use of a buffered immobile phase has been shown to have certain advantages (Craig, 
Golumbic, Mighton, and Titus, J. Biol. Chem., 1945, 161, 321; Fischbach, Eble, and Mundell, 
J. Amer. Pharm. Assoc., 1947, 36, 220). Since the bases with which we were concerned were 
appreciably soluble only in fairly concentrated mineral acids, it was obvious that a strongly acid 
immobile phase was required. Eventually a most efficient separation of mixtures of the primary 


secondary, and tertiary bases was obtained by use of hydrochloric or sulphuric acid (6—265n.), 
absorbed in ‘‘ Supercel ” kieselguhr, as the immobile phase, and pure chloroform, saturated with 
the appropriate acid solution, as the mobile phase. Clear separations, with almost quantitative 
recoveries, were then possible. 

Some difficulty was encountered in the persistence of silica, presumably in colloidal form, 
in the products obtained after separation on kieselguhr. This inorganic material, together with 
the water which it retained, caused incorrect analytical figures. This contaminant was 
eventually removed by filtration of a solution of the amine in concentrated hydrochloric acid 
through a sintered-glass filter of fine pore-size. 

We think it highly probable that this method will be applicable to mixtures of other amines 
and particularly to mixtures of other nitrated amines, since these generally possess sufficient 
colour greatly to facilitate chromatographic separation. 


EXPERIMENTAL. 


Chromatographic Procedure.—The standard technique of partition chromatography was followed 
except that, in place of buffer solutions, mineral acids of strengths ranging from 6N to 25N were employed 
in the immobile phase. The appropriate acid solution was intimately mixed with purified ‘‘ Supercel” 
kieselguhr to form a gel containing 40—50% (w/w) of the acid solution. A Pyrex tube ca. 40 cm. 
long and 2-5 cm. in diameter was filled with pure chloroform, previously equilibrated with the appro- 
priate acid solution, and ca. 90 g. of the gel were added in small quantities under slight suction (ca. 10 mm. 
of mercury). Each portion of the gel was agitated to remove air bubbles and was then pressed down with 
a glass plunger. The upper surface was protected with a thin layer of glass wool, and the whole column 
was then washed with 200 ml. of acid-saturated chloroform. Columns containing 50% (w/w) of 6n- 
and 8N-hydrochloric acid and 40% (w/w) of 15N-, 20N-, and 25n-sulphuric acid were prepared in this 
manner. 

The solution under examination, containing not more than 300 mg. of material, was delivered on to 
the surface of the appropriate gel, and the chromatogram developed with pure, acid-saturated chloroform 
under positive pressure. A suitable arrangement of taps allowed the solvent reservoir to be renewed 
without releasing the pressure at the top of the column. 5-Ml. fractions were collected from the base of 
the column. Successive “‘ cuts’’ containing the separated amines were combined, the chloroform was 
evaporated, and the residue dissolved in concentrated hydrochloric acid. ‘The solution was boiled for 
30 seconds and filtered through a sintered-glass filter of maximum pore size 1-4. The filtrate was cooled 
- made alkaline, and the amine extracted with ether. Crystallisation from aqueous alcohol yielded 
the pure amine. 

odel Experiment on the Separation of Primary, Secondary, and Tertiary Bases.—Preliminary experi- 
ments showed that 3 : 5-dinitromethyl- and 3 : 5-dinitrodimethyl-aniline were not separable on a column 
containing 6N-hydrochloric acid, but that the primary base ran too slowly on a column containing 8N- 
hydrochloric acid. The following procedure appeared the most efficient. 

3 : 5-Dinitroaniline (100 mg.; m. p. 160°), 3: 5-dinitromethylaniline (90 mg.; m. p. 158°), and 
3 : 5-dinitrodimethylaniline (100 mg.; m. p. 164°) were dissolved in chloroform, and the solution was 
loaded on to a column of length 17 cm. and diameter 2-5 cm., containing 6N-hydrochloric acid. Develop- 
ment was carried out using acid-saturated chloroform under a positive ee of 10 mm. of mercury, 
the flow rate being 7-1 c.c. per minute. Separation into two bands rapidly occurred and 5-ml. cuts were 
collected. The concentration per cut was measured by means of a “ Spekker *’ photoelectric absorptio- 
meter, calibration curves having previously been plotted for 3 : 5-dinitroaniline (Ilford Spectrum Violet 
filter, No. 601) and for 3: 5-dinitromethyl- and 3: 5-dinitrodimethyl-aniline (Ilford Spectrum Blue/ 
Green filter, No. 603). The results are shown graphically in Fig. 1. Cuts 45—70 yielded 90 mg. of the 
primary base (identified by m. p. and mixed m. p. with an authentic sample). Cuts 9—29, containing 
the secondary and tertiary amines, were concentrated to small bulk and loaded on to a column of length 
39 cm. and diameter 2-5 cm., containing 8N-hydrochloric acid. Under a positive pressure of 50 mm. 
of mercury the flow rate was 7-1 c.c. per minute. 5-Ml. cuts were taken. The separation is shown in 
Fig. 2. Cuts 10—19 yielded 95 mg. of the tertiary base (m. p. 164°) and cuts 50—80 yielded 85 mg. of 
the secondary base (m. p. 157—158°). Neither of these samples depressed the m. p. of an authentic 

imen. 
aa : 5-Dinitroaniline.—s-Trinitrotoluene was oxidised to s-trinitrobenzoic acid. The acid was de- 
carboxylated to s-trinitrobenzene (Org. Synth., Vol. II, 93), one nitro-group of which was preferentially 
reduced (Fliirscheim, J. pr. Chem., 1905, [ii], 71, 537), yielding 3 : 5-dinitroaniline (m. p. 160—161°; 
yield, 40%). The method was modified slightly in that the crude amine was obtained by pouring the 
reaction product into three times its volume of ice-water, thus considerably reducing the amount of 
resinification caused by the prolonged heating prescribed in the original method. Some 1-nitro-3: 5- 
diaminobenzene was also isolated. 
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3: 5-Dinitroaniline hydrobromide.—3 : 5-Dinitroaniline (1 mol.) and constant-boiling hydrobromic 
acid (1-1 mols.) were kept in a corked vessel for 2 days; the product was then pressed dry under suction. 
3: 5-Dinitroaniline hydrobromide was obtained (yield, almost 100%) as a grey amorphous powder of 
indeterminate m. p. (Found: Br, 31-0. C,H,O,N;,HBr requires Br, 30-3%). 

Synthesis of the Secondary Amines.—The following general method was adopted. 3 : 5-Dinitroaniline 
hydrobromide (1 g., 1 mol.) was heated with the appropriate alcohol (6 mols.) in a sealed tube at 100° 
for 48 hours. The excess of alcohol was removed under reduced pressure. The product was freed from 

matter by crystallisation from aqueous alcohol ine, and was then always obtained as a 
mixture of the free bases. By this technique the following secondary amines were obtained. 

(a) 3: 5-Dinitroethylaniline formed brilliant orange needles, m. p. 185—186° (56% yield) (Found : 
C, 456; H, 4:2; N, 19-7. C,H,O,N; requires C, 45-5; H, 4-3; N, 19-9%). The product from a second 
experiment was purified chromatographically on a column containing 6N-hydrochloric acid, and the 
base was obtained in 72% yield from cuts 8—22, the unchanged 3 : 5-dinitroaniline being recovered from 
cuts 35—55. Further examination of the alkylated fraction on a column containing 8N-acid showed the 

uct to be homogeneous. 

(b) 3: 5-Dinitro-n-propylaniline crystallised in yellow plates, m. p. 129—130°, in poor yield (Found: 
C, 48:1; H, 4:8; N, 18-8. C,H,,0,N, requires C, 47-9; H, 4-9; N, 18-7%). A considerable quantity 
of tarry matter was produced but, in a second experiment, the yield was improved to 29% by chromato- 
graphic purification, the secondary amine being obtained from cuts 6—15 and the.unchanged primary 
amine from cuts 41—70 from a column containing 6N-hydrochloric acid. Further analysis of the alkyl- 
ated fraction on a column containing 8N-acid effected no resolution. 
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(c) 3: 5-Dinitro-n-butylaniline was obtained as yellow plates, m. p. 99° (about 17% yield) (Found : 
C, 50-6; H, 5-4; N, 17-5. Cy9H,,0,N, requires C, 50-2; H, 5-5; N, 17-6%), chromatography being 
necessary for purification of the product. The supposed secondary amine was obtained, on a column 
containing 6N-hydrochloric acid, from cuts 8—18 and the unchanged primary base from cuts 33—57. 
Further examination of the alkylated fraction on an 8N-hydrochloric acid column gave only one band 
(cuts 16—26) but when the run was repeated on a column containing 15Nn-sulphuric acid an indication 
of separation into two bands was observed. Ona column containing 20N-sulphuric acid a clear separa- 
tion occurred, the 3 : 5-dinitro-n-butylaniline being obtained from cuts 38—77 and a small quantity of an 
orange substance, presumably 3 : 5-dinitrodi-n-butylaniline from its position relative to the secondary 
base, from cuts 17—27. 

(d) 3: 5-Dinitro-n-amylaniline. Chromatographic purification was employed, the unchanged pri- 
mary amine being recovered from cuts 30—50 and the alkylated amine from cuts 6—20 from a column 
containing 6N-hydrochloric acid. The alkylated material was then chromatographed on a column con- 
taining 20N-sulphuric acid, one band only being obtained (from cuts 16—40). A further run on a column 
containing 25N-sulphuric acid, however, produced two definite bands, one from cuts 31—44 which yielded 
a very smal] quantity of, presumably, tertiary amine and a second which first appeared in cut 79 and 
which divided into two subsidiary bands as elution proceeded. The first of these, from cuts 79—135, 
gave the required 3 : 5-dinitro-n-amylaniline as yellow plates, m. p. 88—90°, in 5% yield (Found: C, 
52-5; H, 5-5; N, 16-5. C,,H,,0,N; requires C, 52-2; H, 5-9; N, 16-6%). Reaction with nitrous acid 
yielded a nitrosoamine —- iebermann reaction). The material in the second band was recovered 
by extruding the gel and, after purification, yielded yellow crystals, m. p. 88°, which, although showing 
the c teristic reactions of a secondary amine, were not identical with the previously described 
ae (mixed m. p. 72°), were not identifiable on analysis, and were not further 
investigated. 

Attempted Preparation of 3 : 5-Dinitro-n-hexylaniline.—n-Hexy] alcohol (6 mols.) was heated with 





2788 The Separation of Aromatic Amines, etc. Part I. 


3 : 5-dinitroaniline hydrobromide for 48 hours in a sealed tube at 100°. The product was freed from pri- 

base (cuts 26—46), the alkylated amine being obtained from cuts 7—14 on a column containing 
6n-hydrochloric acid. This material was then chromatographed ‘on columns containing 20N- ang 
25Nn-sulphuric acid, but no separation was achieved. The use of 30N-sulphuric acid in the immobile 
phase caused considerable decomposition. Analysis of the product from the 25n-column showed that 
it still contained a small proportion of tertiary amine. 

3 : 5-Dinitromethylaniline.—Formic acid was dried by the method of Pyranishnikov and Shakovah 
(J. Gen. Chem. Russia, 1932, 2, 821; Chem. Abs., 1933, 27, 2672) and determined volumetrically as 
99-5% pure. The acid (8 mols.) was heated under reflux under strictly anhydrous conditions with 
3 : 5-dinitroaniline (1 mol.) for 12 hours. The reaction product was poured into ice-water. The 3: 5- 
dinitroformanilide (50%) crystallised from ligroin (b. p. 80—100°) as colourless aggregates of stout rods, 
m. p. 119° (Found: C, 40-0; H, 2-4; N, 19-7. C,H,O,N, ve cyan’ C, 39-8; H, 2-4; N, 199%). The 
alkylation was carried out by heating the formanilide (1 mol.) with methyl iodide (1-3 mols.) in the 
minimum of absolute methanol under reflux and adding dropwise, during 15 minutes, a solution of potas- 
sium hydroxide (1-3 mols.) in absolute methanol, under strictly anhydrous conditions (King and Tonkin, 
J., 1946, 1068; cf. Pictet and Crépieux, Ber., 1888, 21, 1106). The solid material was isolated by pouring 
the product into ice-water, and hydrolysis to 3 : 5-dinitromethylaniline was completed by boiling the 
solid with the minimum of 48% hydrobromic acid. The 3 : 5-dinitromethylaniline, obtained by pouring 
the mixture into icg-water, appeared, after four recrystallisations from aqueous alcohol (charcoal), as 
orange-yellow needles, m. p. 158° (Found: C, 42-9; H, 3-4; N, 21-0. C,H,O,N, requires C, 42-7; 
H, 3-6; N, 21-3%). The yield was 17%, based on 3-5-dinitroaniline. 

This secondary amine was also prepared by alkylating a mixture of 3: 5-dinitroaniline (0-6 mol. 
and 3: 5-dinitroaniline hydrobromide (0-4 mol.) with methanol (6 mols.) in a sealed tube at 100° for 
48 hours. There was obtained a mixture (m. p. 123°) of 3 : 5-dinitromethyl- and 3 : 5-dinitrodimethyl- 
aniline, which was separated chromatographically. A preliminary run on a column containing 6n- 
hydrochloric acid showed the absence of primary base, one band only being obtained (cuts 8—20), 
Subsequent analysis of this fraction on an 8N-column yielded 3 : 5-dinitrodimethylaniline (m. p. 164°) 
from cuts 24—34 and 3 : 5-dinitromethylaniline (m. p. 158°; 55%) from cuts 52—86. 

3 : 5-Dinitroethylaniline.—In addition to the general method already described, the synthesis of this 
secondary amine was also attempted by ethylation of the formanilide. The technique used was as for 
the methyl analogue, but only a partly alkylated product was isolated. This product, on repeated 
recrystallisation from aqueous alcohol (charcoal) and from ligroin (b. p. 100—120°), melted at 139° and 
appeared to be a complex containing equimolecular proportions of 3 : 5-dinitroaniline and 3 : 5-dinitro- 
ethylaniline (Found: C, 42-2; H, 3-25; N, 21-4. Calc. for CsH,O,N;,C,H,O,N,: C, 42-4; H, 3-5; N, 
21-4%). An attempt to achieve alkylation by the same technique, but with use of dry xylene as solvent, 
gave the same results. Resolution on a column containing 6N-hydrochloric acid yielded 3 : 5-dinitro-N- 
ethylaniline (m. p. 184—185°) from cuts 9—17, and 3: 5-dinitroaniline (m. p. 159°), from cuts 33— 
55, in equal amounts. 

3 : 5-Dinitrodimethylaniline.—3 : 5-Dinitroaniline hydrobromide (1 mol.) was treated with methanol 
(6 mols.) in a sealed tube at 100° for 48 hours. The excess of methanol was removed in vacuo. 3: 5- 
Dinitrodimethylaniline (65%) was obtained on recrystallisation from aqueous alcohol (charcoal) as orange 
needles, m. p. 164° (Found: C, 45-5; H, 4-3; N, 19-9. C,H,O,N; requires C, 45-5; H, 4-3; N, 19-9%). 

3 : 5-Dinitrodiethylaniline.—(a) 3 : 5-Dinitroaniline hydrobromide (0-5 g., 1 mol.) was heated with a 
large excess of anhydrous ethanol (1-33 ml., 12 mols.) at 190° for 9 hours in a sealed tube with potassium 
iodide (0-04 g.), cuprous chloride (0-015 g.), and calcium chloride (0-025 g.) as catalyst (Johnson, Hill, and 
Donleavy, Ind. Eng. Chem., 1920, 12, 636). Considerable decomposition occurred at this temperature, 
and the experiment was repeated at 150—160°. In neither case was any tertiary amine isolated. 

(6) 3: 6-Dinitroaniline (1 g., 1 mol.) and calcium hydroxide (0-49 g.) were dissolved in the minimum 
of dry xylene at 80°, and redistilled ethyl sulphate (3-0 ml., 3 mols.) was added. The temperature was 
raised to 145°. After 2 hours some decomposition appeared to be taking place and the temperature was 
maintained at 120° for a further 2 hours. Although Cade (Chem. Met. Eng., 1923, 29, 319) claims 90% 
yields of diethylaniline by this method, the only product isolated in our experiment was 3 : 5-dinitro- 
ethylaniline, m. p. 185°. 

(c) 1-Bromo-3 : 5-dinitrobenzene, m. p. 75° (Bader, Ber., 1891, 24, 1653), when treated for 24 hours 
at 100° with diethylamine (12 mols.), was recovered unchanged (cf. Holleman and ter Weel, loc. cit.). 

(d) 3: 5-Dinitroethylaniline (0-5 g., 1 mol.), purified chromatographically as already described, was 
heated, for 100 hours in a sealed tube at 100°, with ethyl iodide (1-5 ml., 11 mols.) and an equal volume 
of ethanol (to act as solvent and to absorb any hydrogen iodide formed). The product was extracted 
in the usual manner. 300 Mg. were dissolved in chloroform and separated on a column containing 
8n-hydrochloric acid. 3 : 5-Dinitrodiethylaniline (150 mg.), m. p. 112° (26-5%) (Found: C, 50-0; H, 
5-0; N, 17-4. CH,,0,N, requires C, 50-2; H, 5-5; N, 17-5%), was obtained from cuts 31—44, and 
unchanged 8 : 5-dinitroethylaniline (150 mg.), m. p. 185°, from cuts 59—76. 

Attempted Preparation of 3: 5-Dinitrodi-n-propylaniline—By a procedure similar to (d) above, 
3 : 5-dinitro-n-propylaniline and n-propyl iodide yielded a very small quantity (insufficient for charac- 
terisation) of an orange material from cuts 18—34 from a column containing 20N-sulphuric acid. Cuts 
80—138 yielded unchanged secondary amine. 

Attempts to Form a Quaternary Ammonium Salt from 3:5-Dinitrodimethylaniline.—(a) 3: 5-Dinitro- 
dimethylaniline (1 mol.), when heated at 100° with methyl iodide (2 mols.) in dry methanol for 24 hours, 
acetonitrile for 8 hours, or nitromethane for 24 hours, gave products containing no ionisable halogen. 

(6) 3: 5-Dinitrodimethylaniline (1 mol.) was heated with methyl sulphate (1-5 mols.) in dry nitro- 
benzene at 100—110° for 10 minutes (cf. Kehrmann and Havas, Ber., 1913, 46, 341). The tertiary amine 
was recovered unchanged. An attempt to prepare 3: 5-dinitrophenylmethyldiethylammonium 
methosulphate by this method also failed. 

Reaction of 3: 5-Dinitroaniline and 3: 5-Dinitroethylaniline with 3-Nitrophthalic Anhydride—-A 
solution of 3 : 5-dinitroaniline (0-95 g.) and 3-nitrophthalic anhydride (Org. Synth., Vol. VII, pp. 70, 74) 
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(1 g.) in benzene (7-5 ml.) was heated under reflux for 30 minutes. Almost colourless crystals (1-7 g.), 
m. p. 205°, were deposited from the cooled solution. 1-5 G. of thiscompound were heated at 160° in an 
oil-bath for 30 minutes. No change occurred (cf. Alexander and McElvain, Joc. cit.). After the mixture 
had been heated at 210° for 10 minutes it darkened slightly and the product, after recrystallisation from 

ueous alcohol—acetone (charcoal), melted sharply at 225°. This material, 3-nitrvo-N-3’ : 5’-dinitro- 
? ———— was insoluble in sodium carbonate solution (Found: C, 46-9; H, 1-7; N, 15-5. 
C4H,O.N, requires C, 47-0; H, 1-7; N, 15-6%). An attempt to regenerate the primary base by heatin 
this product under reflux first with 10% sodium hydroxide solution (to open the phthalimide ring) an 
then with 10% hydrochloric acid (to remove the 3-nitrophthaloyl group) led to a large amount of tar; 
very little 3 : 5-dinitroaniline could be recovered. 

3 : 6-Dinitroethylaniline (0-5 g.) and 3-nitrophthalic anhydride (0-5 g.) were heated under reflux in 
benzene (5 ml.) for 11 hours. The benzene was removed and two distinct crystal types were observed. 
Extraction with sodium hydrogen carbonate solution left a residue of material, m. p. 183° alone or mixed 
with 3 : 5-dinitroethylaniline. The remainder of the secondary base (ca. 50%) was recovered by heating 
the soluble portion, presumably containing the 3-nitro-2-(N-3’ : 5’-dinitrophenyl-N-ethylcarbamy])- 
benzoic acid, with 10% hydrochloric acid under reflux for 30 minutes and subsequently rendering the 
solution alkaline. A possible separation, involving the above reactions, was thus shown to compare so 
unfavourably with the chromatographic procedure already described that it was abandoned. 
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590. The Properties of Freshly Formed Surfaces. Part X. A New 
Contracting Liquid-jet Technique for the Study of Soluble Films at 
Small Surface Ages. 


By C. C. Appison and T. A. ELtiort. 


A new liquid-jet method is described which enables the simultaneous measurements of 
surface tension and surface age to be made over time ranges not hitherto accessible. A quantita- 
tive study of the following aspects is presented : (a) application to pure liquids or ideal solutions 
of constant surface tension; (b) —— to the study of dynamic surface tensions of aqueous 
solutions : (c) factors (such as surface expansion) which influence the range of applicability of 
the method. 


INVESTIGATIONS on the rates of formation of soluble films at fresh surfaces described in previous 
parts of this series have shown that the times required for the establishment of equilibrium 
between the surface and bulk solution may vary from 10 sec. to several minutes, depending 
upon the nature and concentration of the solute. Over the major portion of this time range, 
experimental techniques for the simultaneous recording of time and surface tension are already 
available; e.g., in the 0°005—0°1 sec. range, the vibrating-jet technique (Part I, J., 1943, 535) 
may be applied, and in the time range extending beyond about 2 seconds several methods, 
including the vertical-plate method (Part VII, J., 1948, 930) and the hanging-drop method 
(Part VI, J., 1946, 579) are suitable. In general, the time ranges which can be studied by 
available techniques fall into two clear groups which do not overlap, and there are consequently 
two time ranges over which the measurement of dynamic tensions has not yet been possible, 
viz., (a) the 0°1—2 sec. range, and (b) time ranges below 0°005 sec. 

It has now been found possible to determine the surface tension from the dimensions of a 
vertical non-vibrating jet of liquid; and we now present a quantitative study of such jets and 
describe the limiting conditions under which the method may be employed. 

When a liquid flows vertically from a circular horizontal orifice it assumes the shape shown 
in Fig. 1. The contraction of the jet becomes more pronounced as the rate of flow of liquid is 
reduced, but at a constant flow rate the shape of the jet is determined by the surface tension also. 
If water or an aqueous solution of high surface tension be considered to give the jet represented 
by the full lines in Fig. 1, decrease in surface tension of the solution results in a change in shape of 
jet to that shown by the broken lines Cand D. Therefore, under pre-determined experimental 
conditions, the horizontal radius of the jet at a given distance from the orifice is a measure of 
the surface tension of the solution at that position. From the equation of the jet, the age of the 
surface at that point can also be determined, so that a range of dynamic tensions for any given 
solution is available from the dimensions of a single jet. As distance from the orifice increases, 
the radius of the jet is influenced to a lesser extent by changes in surface tension, and when the 
jet is not contracting appreciably this approach is no longer possible. However, when the jet 
strikes a solid barrier (S, Fig. 1) standing waves are obtained on the jet in the neighbourhood of 
the barrier. Experiments by Satterly (Trans. Roy. Soc. Canada, 1935, 29, 105) on water jets 
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indicate that surface tensions may be determined also from the dimensions of these waves. Clear 
waves are formed only in the lower portion of the jet which is suffering no appreciable contraction, 
The upper limit of surface age may be increased by lowering the barrier, so that, by a combination 
of the two methods of measurement, surface tensions are available over the length of the jet. 

With regard to time range (6), the rapid decrease in tension which occurs, for example, in 
aqueous solutions of short-chain alcohols on issue from the orifice is not reflected immediately 
by a corresponding decrease in jet radius, so that the effect of tension changes which may be 
complete in 10“—10- sec. is still apparent at much longer times, The influence of factors, such 
as added ions, on the rate of adsorption of such short-chain solutes may now be studied qualita- 
tively, and there appears to be no reason why the technique should not be developed to permit 
quantitative studies of these rapid adsorption rates. 
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The experiments described in Parts VIII and IX (J., 1948, 936, 943) have shown that 
expansion of a soluble film may alter the surface tension either by diminishing the surface excess 
or by modifying the surface activity of the adsorbed molecules. Calculations given below 
(Section III) show that the jet has an expanding surface, and that the rate of expansion is 
considerably in excess of the rates which are available by drop methods or in trough experiments 
using movable barriers. This technique is therefore of additional significance in that it provides 
a further method for the study of the expansion of soluble films. 

Of the various ways referred to above in which the jet technique may be applied, this paper 
is restricted to a consideration of the measurement of tension from the dimensions of the jet. 
Other aspects will be considered in later papers. 


EXPERIMENTAL. 


Apparatus.—The aqueous solution (normally 8—12 1.) was contained in a stoppered 20-1. reservoir A 
(Fig. 2). The reservoir air space was connected to a water-pump via tube B, to enable the syphon tube 
D to be filled by suction. Tube C could be opened to the atmosphere, and when liquid was flowing 
through D to the orifice, tap B was closed, and air entered the reservoir through the capillary tube C to 
maintain a constant head of liquid. The air then entered the liquid as a stream of fine bubbles giving 
minimum agitation of the liquid surface in the reservoir, and prevented the pulsing which arose when 
wider tubes were used. 
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The rate of flow of liquid to the orifice was controlled by a valve, comprising a glass rod E (0-35 cm. 
diam.) which could be moved in tube F (with approx. 0-02 cm. clearance) over a distance of 16cm. The 
lower end of F was sealed to a glass tube 150 cm. long and of diameter similar to that of the orifice tube. 
The latter was connected by rubber tubing, leaving about 0-2 cm. space to allow movement of the orifice 
tube during levelling. 

Constancy of Flow Rate.—The flow of liquid must be quite steady to avoid fluctuations in the jet, and 
the accurate determination of the flow rate is also necessary for the calculation of surface tensions. When 
the reservoir was placed at a short distance above the orifice, and the resistance to liquid flow at the valve 
was small, the flow rate varied by as much as 2%. As the reservoir was raised and the valve resistance 
increased, the flow rate became steadier. In these experiments the reservoir was placed at a height of 
2 m. above the orifice, and the flow rate was then constant to within 0-2%. 

Position of Valve.—In order to obtain a steady jet it is necessary that the flow of liquid should be 
streamlined. When the liquid entered the wide tube from F, a change in linear velocity occurred. This 
gave rise to turbulent flow, which did not revert to streamlined flow within a distance of about 60 cm. 
Hence, if the valve is placed near the orifice the jet is unsteady, and accurate measurement of jet radius 
is not possible. The valve-orifice distance of 150 cm. employed was sufficient to ensure reversion to 

ined flow. 

Levelling the Orifice.—Thc orifice tube G was held in a levelling device H (drawn on a magnified scale 
in Fig. 2) consisting of two triangular age (10 cm. sides) separated by springs. The lower plate was 
clamped in position, and the upper plate could be adjusted to any desired level by means of screws 
passing through the corners of the —s Tube G was attached rigidly to the upper plate, but could 
move freely within a hole (larger t G) in the lower plate. In order that its cross-section shall be 
circular throughout, the jet must flow symmetrically from the orifice. This can be confirmed readily by 
observing the jet in two mirrors placed together at an angle of about 80°, and so that it is super-imposed 
on either of the secondary images. Any deviation from jet symmetry is then immediately apparent. 

The Barrier.—The jet stream (usually 4 cm. long) was allowed to impinge on a spherical glass surface, 
etched to ensure complete wetting. The liquid was collected in the funnel device shown, and the flow 
rate measured by collecting liquid at the overflow K. The introduction of a barrier into a freely-flowing 
jet caused the jet to be much steadier, and increased the length of unbroken jet, resulting in a 1—4% 
increase in flow rate according to the position of the barrier. 

Curves relating jet radius (rv) to distance from the orifice (h) (not reproduced here) have been obtained 
without a barrier, and for various barrier positions with a constant head of liquid, and it has been con- 
firmed that the only effect which the presence of the barrier has on the h-7 curves (on which equation (3), 
Section I, is based] is that which arises as a result of the variation in flow rate. 

Measurement of Jet Dimensions.—Determination of surface tension at any point on the jet surface 
also involves accurate measurement of the distance of the point from the orifice, and the jet radius at 
that point. For this purpose a travelling microscope (object glass of focal length 2 in.) fitted with eyepiece 
scale was used. The jet was illuminated by a strip-light and a diffuse screen placed directly behind the 
jet. The jet radius was obtained from the calibrated eyepiece scale, and the distance from the orifice 
measured by movement of the microscope. 

Temperature.—The measurements were carried out at room temperature, which did not vary beyond 
the limits 17° + 1-5° during these experiments. In view of other experimental errors involved, this 
temperature variation is not significant. 

ibration.—The jet is extremely sensitive to even slight vibration. The apparatus was therefore 
erected on brackets which were built into the main walls of the building. 

Shape of Orifice.—The glass orifice used had a horizontally ground lip as shown in Fig. 2(a), orifice (1). 
The liquid flowed invariably from the outside diameter of the tube. Preliminary experiments with 
orifices of constant external radius, R = 0-747 cm., and lips of various widths indicated that the 
dimensions of the jet (at given flow rate) were not influenced over the measured jet length by the width 
of the lip, provided that this did not exceed about 0-15cm. For lips of greater width erratic results were 
obtained. The standard orifice with which all the following results were obtained had a lip width of 
0-14cm. An orifice of type (2), externally ground to a knife edge and having an internal radius R, gave 
a jet which had, at the same flow rate, dimensions identical with the jet from orifice (1) except in the 
immediate neighbourhood of the orifice. Since this work does not involve the study of jet dimensions in 
this region, it is of advantage to employ the orifice tube having the smaller internal radius, since this 
extends the range of flow rates available (see Section III). Orifices of type (3) Fig. 2(a), ground internally 
(at various angles) to a knife edge, were found to be quite unsuitable. The internal grinding causes the 
streamlines to diverge at the orifice, and it has not been possible to interpret such jets quantitatively. 


DIsScuUSSION AND RESULTs. 
Section I. Ideal Liquid Jets. 


The term “ideal” is applied here to jets which flow under conditions of constant surface 
tension, and the present section is confined to a discussion of these jets. The term therefore 
applies to jets of all pure liquids, and to solutions of compounds (such as inorganic salts) which 
have negligible surface activity. The presence of any surface-active solute modifies the behaviour 
of the jet to a degree which is determined (inter alia) by the rate of adsorption; jets of such 
solutions are termed “ non-ideal ” and are discussed in Section II. 

The stream of liquid flowing from an orifice (Fig. 1) undergoes an initial rapid diminution in 
tadius followed by a more gradual change. The factors controlling this shape include density, 
viscosity, gravity force, liquid flow rate, and the pressure change set up by the operation of the 
surface tension at the curved surface of the jet. A complete study of the influence of these 
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various factors is an exceedingly complex problem in hydrodynamics, and according to Lamb 
(“ Hydrodynamics,” Cambridge Univ. Press, 1932, p. 24) “‘the calculation of the form of 
the issuing jet presents difficulties which have only been overcome in a few ideal cases of 
motion in two dimensions.”” However, since the technique was required for the study of 
dilute aqueous solutions, it was possible in our treatment to ignore the density and viscosity 
oe and we have considered in the first instance only the gravity, flow rate, and tension 
actors. 
Bernouille’s theorem applied to a jet in which energy is conserved gives 


1 1 v3 
*(--=) +> —sH +h) =0 
where r, and 1, are the internal and external radii of the jet, and V is the linear velocity at any 
point distance h below the orifice; + is the surface tension, and H the head of pressure of liquid 
above orifice level. Except in the neighbourhood of the orifice and at low flow rates, the 
external radius 7, in the vertical plane is large, and 1/r, may be neglected. The value of r, may 
be derived in terms of the horizontal radius r and h, but it is simpler to correct for the difference 
between yandyr,. Since V = f/xr*, then 


gH+h)=yrt+ fat 2. 2... www. 
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-—~-Calc. from eqn.(2). 
Curve. f, ml./sec, 
A 3-306 
B 2-236 
Cc 1-680 
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Under optimum conditions for accurate surface-tension measurements, the flow rates are 
equivalent to H values of the order of 0°1 cm. of water. Since H cannot be determined with the 
necessary accuracy, it is necessary to eliminate it. The loss in potential energy suffered by unit 
mass of liquid in falling from the orifice through a distance h is balanced by changes in the 
curvature and kinetic energies, so that from equation (1) 


oe f* sl 1 
ret-D+G-a)----- +8 
Curve D, Fig. 3, was calculated for f = 1°680 ml./sec., the surface-energy term being ignored. 
Comparison with curve C indicates the order of magnitude of this term. The curves A, B, and 
C were determined experimentally, and also calculated from equation (2); the two sets of curves 
are closely similar in shape, but there is a deviation (about 0-2 cm. on the h scale) which varies 
little with flow rate. This deviation may be attributed chiefly to a horizontal component of 
velocity and identification of 7, with ry. As change in flow rate does not appreciably alter the 
discrepancy, it appeared that correction of the first (tension) term rather than the second (flow 
rate) term was required. 

The tension term was therefore modified to (Ay/g)(1/r — 1/R); for several flow rates the 
experimental values of A and r were substituted into the modified equation to determine the 
values of the empirical factor A. The values of A are plotted against r (Fig. 4); the various 
A-+ curves obtained at different flow rates are seen to combine into a single smooth curve except 
that slight deviations occur in the case of smaller flow rates and at the high values of r (or 
small A values) near the orifice, so that over the practical range of f and r the equation of the full 
curve (Fig. 4) enables A to be expressed in terms of ry, The curve is of the general form A* = 
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ay — 5), and the constants a, b, and have the values 3-0, 3°59, and 0°0616, respectively. The 
final form of the equation then becomes 


= ay — ot2 (2-3) + 4 (5-5) eae 


By employing this equation, the surface tension may be derived from measured values of h, r, and 
fat any position on the jet for which the correction factors apply (i.¢., for h values beyond 
about 0°3 cm.). 

Fic. 4. 
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Applicability of Equation (3) at Low Values of h.—Over the major portion of the jet, factors 
other than those considered quantitatively in deriving equation (3) have little influence on the 
shape of the jet, and are satisfactorily accounted for in the empirical factor A. However, (1) 
near the orifice the horizontal component of velocity which is then appreciable introduces an 
additional kinetic energy term into equation (3); surface tensions derived from equation (3) will 
then appear high; (2) where 7, is appreciably greater than ry (Fig. 13), tensions derived from 
equation (3) will appear low; (3) neglect of the reciprocal of the external radius r, in equation 
(3) lowers the calculated values of y, particularly about 4 = 0°2 cm. where 7, passes through a 
minimum. 
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Optimum Flow Rate.—Fig. 5 shows the h—yoqi., curves for water. The magnitude of factors 
(1)—(3) above is a minimum for flow rates between 3°5 and 50 ml./sec. At flow rates in excess 
of this optimum range (i.e., 7—10 ml./sec.) turbulent flow is set up as the liquid leaves the orifice, 
and high values of surface tension are obtained throughout the jet. 


Section II. The Study of Dynamic Surface Tensions. 


The different jet shapes given by water and an ideal liquid of lower surface tension are 
shown qualitatively in Fig. 1. Since the method of derivation of equation (3) is independent of 
the value of y, it may be assumed to apply to ideal liquids of any tension value, and measure- 
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ments reported below justify this assumption. Fig. 6 shows the calculated h-r curves for ideal 
liquids at four different tensions. If the liquid used is an aqueous solution of a surface-active 
compound having an equilibrium surface tension of (say) 40 dynes/cm., the surface tension at 
the moment the liquid leaves the orifice will be near the water value, and the jet will therefore 
commence in the direction of the ideal water curve (curve A, Fig. 6). As adsorption occurs, the 
jet will become narrower, and will cut the intermediate ideal liquid curves, approaching the 
ideal 40 dynes/cm. curve (E, Fig. 6) at an h value which is dependent upon the rate of adsorption, 
The measured curve for such solutions there- 
fore takes the form represented by the broken 
curve in Fig. 6. In order to study dynamic 
surface tensions, it is therefore necessary to 
devise methods by which the surface age and 
the tension may be determined at any point 
on the experimental curve. 

C Age of Surface.—If we consider a hori- 
D zontal lamina of liquid at any point in the jet 
E 
B 


Fic. 6. 


Curve. y, dynes |cm. 
A 


having thickness 8h and radius 1, the time (8#) 
taken by the liquid to travel this distance 3h 
is equal to 8h/V, where V (cm./sec.) is the 
f = 3 ml./sec. throughout, linear liquid velocity at that point. Now the 
volume flow rate f (ml./sec.).can be expressed 
by mr*V, so that 8¢ = nr*8h/f. The age of the 
jet at any point at distance h below the orifice 
can be regarded as the age of the surface at 
that point provided that there is no appreci- 
able velocity gradient across the jet. Atan 
optimum flow rate of 4 ml./sec. the linear 
velocity in the orifice tube is 2°25 cm./sec, 
In view of the low viscosity of dilute aqueous 
solutions, the velocity gradient across the 
relatively large orifice tube used will be 
‘ _¢ appreciable only in the neighbourhood of the 
r(cm.). glass wall of the tube, and will become 
negligible in the jet where this restriction to 
flow is removed. The only other source of velocity gradient arises from the contraction of the 
jet; when the jet assumes cylindrical form this gradient vanishes, and reference to Fig. 6 shows 
that the rate of contraction is small over the major portion of the jet. Since at f = 4 ml./sec. 
the mean linear velocity in the water jet increases from 2°25 to about 60 cm./sec., the contraction 
factor is unlikely to give rise to any appreciable deviations from the mean linear velocity. 
Therefore, the identity of jet age and surface age being assumed, 


Dynamic tension 
curve 
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Alternatively, the time taken to reach point 4 may be expressed as (volume of jet) /f, and since 


h 2 r 

rr? . dh mv? (dh 
Surf tpointh= | ——— = | —([|—)dr... . (4 
urface age at poin J | F(z) Y (4) 


A 
the volume of the jet is given by | nr® . dh, the surface age is again that given in equation (4). 
0 


Equation (3) gives the necessary relation between r and h, and if y and f are constant throughout 


the jet, then 

dh ee (r — b)* 4K. 

aa coll Ce A A cn: 

dr Ky 45 G z) r-8 vy } 7 
where 

K,=aylg and K, = f*/2n%g 
Now, from equation (4) 
+ A 9(r — b)? 4K 
= =- Pi[- — = — 7) —- —__— 2 
Surface age = K, Le b) {(; 7) (or — 2) = }+ ral ae 

where K, = ary/2fg. This equation being used, surface ages are recorded in Fig. 7 for a water 
jet over a range of flow rates, with one curve for an ideal liquid, y = 40 dynes/em. Reduction 
in the surface tension of the liquid for a given flow rate involves a reduction in surface age 
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(curves B and C) but the flow rate is of course the major factor determining surface age. 
At a sufficiently low flow rate surface ages up to about 0°3 sec. may be obtained (cf. 01 sec. 
maximum with the vibrating jet). In studying dynamic tensions at flow rates so far below the 
optimum value, equation (3) should be replaced by equation (7) (below), which permits 
accurate measurement of tension at these lower flow rates. Surface ages have also been 
determined, by obtaining the volume of the jet graphically, and employing the relation 
surface age = (jet volume)/f. The ages thus obtained are also recorded in Fig. 7, and 
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show satisfactory agreement with the calculated values. While diffusion to the surface is 
proceeding in an aqueous solution (i.e., broken curve, Fig. 6) the experimental curve cuts 


across the ideal curves, and equation (5) is not directly applicable. Equation (4) may then 
be used, and the volume of the jet determined graphically. 
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Measurement of the Surface Tension of Aqueous Solutions.—Aqueous solutions of ethyl alcohol 
are known from previous work to establish surface equilibrium within 0-004 sec., which is 
negligible compared with the surface ages recorded in Fig. 7. It was to be expected on these 
grounds that application of equation (3) to these solutions would give tension values agreeing 
with the equilibrium values obtained by such standard techniques as the drop-weight method. 
Fig. 8 shows the results (corrected for the slight density difference) obtained with an 8% solution 
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of ethyl alcohol at three different flow rates. At high 4 values the calculated tensions approach 
the equilibrium (drop-weight) value, but nearer the orifice the discrepancy increases to as much as 
16 dynes/cm. The discrepancy increases with increasing flow rate, but for each particular flow 
rate the y—h curve is capable of being extrapolated to the water tension at the orifice. Similar 
effects have been obtained at other concentrations, and with other similar solutes. For example, 
measurements have been carried out on 0°14 and 0°55% isoamy]l alcohol solutions (Fig. 9): 
the same type of yA curve is again obtained irrespective of concentration; the curves may be 
extrapolated back to the water tension at the orifice, but approach the equilibrium tension at a 
rather higher 4 value than in the case of ethyl alcohol. 

The high calculated tensions indicate that at a given point in the jet the measured radius 
must be greatly in excess of the radius of the ideal jet at that 4 value, and the results in Figs, 8 
and 9 may be interpreted as follows. A jet of water flowing from an orifice (shown in semi- 
outline in Fig. 10) can be considered to follow curve NH, while an ideal liquid having y = 50 
dynes/cm. will follow curve ND at the same flow rate. A solution of ethyl alcohol will have a 
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surface tension near the water value at the instant of surface formation at the orifice, and will 
therefore commence along curve NH. When surface equilibrium is established (say, at point 
K, curve KE) the radius KO is then considerably in excess of the ideal radius LO. The different 
shapes of curves NK and NL arise from two factors, now to be discussed. 

(1) The energy of unit mass of liquid in the ideal system NL differs from that in the non-ideal 
system NK. Hence, for a given flow rate f, the energy E, in system NL may be expressed, at 
a sufficient distance PA below the orifice, as 


E, = T, —g(PA + H,) + y1/rac 


where 7, is the kinetic energy, and H, is the head of pressure above the orifice level required to 
produce the flow rate f. Now, the curvature energy produces a back pressure restricting the 
flow of liquid, and for any given system, irrespective of whether the tension is constant or 
changing, there is a characteristic H value required to produce a particular flow rate, and 
hence a characteristic energy value. Therefore for the water system NH 


E, = T, — g(PA + Hy) + y2/raz 
and similar considerations apply to the changing tension systems NE, NF, etc. 
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In consequence, the ideal equation (3) which is applicable at point L cannot be applied to 

int K, since although K and L are at the same horizontal level they differ in potential energy. 
Again, it follows that the changing tension curves can never meet the ideal curve NL; but as 
distance from the orifice increases, H becomes less significant (i.e., H,-H, becomes negligible) 
so that the tensions measured by the ideal equation (3) approach the equilibrium value at points 
distant from the orifice. 

(2) The shape of the jet reflects the distribution of energy between the three types: surface, 
kinetic, and potential energy. A conservative energy system being assumed, the variation in 
surface energy which occurs as the tension changes modifies the normal distribution of energy 
between kinetic and potential which occurs in an ideal system. 

At the orifice all jets of dilute aqueous solutions will have surface tension near that of water, 
and a similar initial direction. Any difference in the energy sum for the respective systems, due 
to variation in head of pressure, will not be appreciable, and variation in adsorption rates will 
then be reflected in the energy distribution, and consequently in the shape of the curve. To 
test this, solutions of ethyl, isoamyl, and sec.-octyl alcohols were prepared. These solutions had 
the same equilibrium tension of 47°6 dynes/cm., and the flow rate was kept at 4°07 ml./sec. 
throughout. The calculated tension—h curves are given in Fig. 11, and show that the dis- 
crepancies in the calculated tensions increase as the times for surface equilibration (<0°004, 


Fie. 11. 
75 


70 
Solution. 
sec.-Octyl alcohol 


isoA myl alcohol 
Ethyl alcohol 











02 O04 O06 72 4 16 78 


08 10 
h (cm). 
0012, and 0°045 sec., respectively) increase. The expansion and/or contraction which occurs 
in the jet surface (discussed in detail below) does not appreciably influence the ethyl and isoamyl 
alcohol tensions; because of surface expansion the surface tension of the sec.-octyl alcohol 
solution cannot fall below 52 dynes/cm., and the apparent tensions level off towards this value. 

Hitherto the shortest surface ages recorded have been those measured by the vibrating jet and 
reported in earlier parts of this series; no method has been described which is capable of recording 
or reflecting the rapid adsorption which occurs with solutes of chain length below C,,. How- 
ever, the discrepancies between calculated and true surface tensions recorded for ethyl alcohol 
solutions in Fig. 11 arise directly from the initial surface diffusion process. In this respect the 
present method is unique, and may be applied to the study of adsorption at the very short 
surface ages below the lower limit of the vibrating jet. 

Very Short Surface Ages.—In order to determine the time-tension relationship for the ethyl 
alcohol adsorption process, it would be necessary to measure these quantities over the full curve 
NKE (Fig. 10) and with particular accuracy in the range NK. Equation (7) (below) permits the 
calculation of the true ( rather than the apparent) tension at any point on this curve. However, 
the jet shown diagrammatically in Fig. 10 is exaggerated in a vertical direction for clarity, and 
for the ethyl alcohol system adsorption is complete within a distance of about 0°1 cm. from the 
orifice. With the measurements at present available it is only possible to set a maximum to the 
time required to complete the diffusion to the surface. Changes in these times are reflected in 
the relative distances MD,ME, MF, etc. (Fig. 10), and if the position of MH is so chosen that 
equilibrium has by then been attained, the times of adsorption should be related to these distances 
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by a smooth curve. These distances have been measured for the series of solutions given in 
Table I, and at f = 4°07 ml./sec. 
TaBLeE I. 
Equilibrium Time to reach 
surface surface 
equilibrium, h (cm.) for h (cm.) for 
. ry = 0-300. 7 = 0-216, 


0-317 0-703 

0-335 0-710 

0-55% isoAmy] alcohol . . 0-360 0-750 
0-037% sec.-Octyl alcohol . . 0-366 0-765 
Pure water 0-430 0-869 


In this table the ideal values are included for comparison, and the water jet is taken to 
represent the behaviour of a solution requiring an infinite time to establish surface equilibrium, 
The values of h can be graphed against known times of diffusion. Unfortunately, no diffusion 
times are yet known for alcohols below C,, so the actual position of that portion of the graph 
between the isoamy] alcohol and the ideal value is somewhat arbitrary, but the graph indicates 
that adsorptidn must be complete within 0°002 sec. 

Although the actual adsorption rates are not yet available, the present technique permits 


Fic. 12. Fie. 13. 
0-8 


dynes/cm. 
call 


» 
& 


B 














04 05 06 Of 08 09 70 20 
hicm). Radius (cm.). 
y, dynes|cm., A. Horizontal radius. 


f, ml./ by drop B. True internal radius. 
sec. Curve. Solution used. weight. C. External radius. 


4-007 ¢ } 8% Ethyl alcohol 50-5 
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the qualitative study of the influence of added solutes on this adsorption rate. Fig. 12 shows 
yh curves, calculated by equation (3), for ethyl alcohol solutions in the presence of 1°8% of 
sodium chloride. The apparent tensions are depressed by several dynes/cm. Since the 
equilibrium tension of the ethyl alcohol solution is increased by about 1 dyne/cm. by the addition 
of the salt, the actual differences will be greater than those shown in Fig. 12 by this amount. It 
follows that the rate of adsorption of ethyl alcohol molecules to the surface is increased by the 
addition of sodium chloride to the solution. 

Surface Ages in the Range 0°005—0°4 Second.—This time range is approximately that covered 
by the whole jet, and it is clear from the above that equation (3) is not applicable for the 
determination of true tensions of aqueous solutions. Three alternative approaches are possible. 

(1) With a water jet as reference. Consider two jets, one of water and one of an aqueous 
solution of a surface-active compound, flowing from identical orifices and having the same flow 
rate f, and select a point on each jet (A and B, respectively) at which the horizontal radius has 
the same value ry, Then the / values of points A and B (h, and h,, respectively) will differ. If 
¥@ and 71), and %,q, and 74, represent the respective external and internal radii at points A and 
B, then the sum of the energies of unit mass of liquid at A may be represented as 
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where y, represents the surface tension of water and K.E.yoriz, is the horizontal kinetic energy ; 
a similar expression applies for point B. Measurements made on a number of jets have shown 
that, except in the region of the orifice, the slope of the h-r curve (dh/dr) is dependent largely on 
the value of r, and differs only slightly with the surface tension of the solution. Therefore the 
horizontal component of the velocity may be considered to be equal at A and B. Over the 
measured portion of the jets (Table II) H is small compared with h. If any slight difference 
between H, and H, exists, this difference will be quite negligible, so that energies at A and B may 
be equated, and if y, represents the surface tension at point B, then 


1 1 1 1 

Ahg = — — —y,(—-—-—]}. . . .. « (6 

ee ow “t ” “et (6) 

ay" dh 

dr dr 
2) 3/2 2 

and external radius = {1 ot (S) } E ~ 


Now internal radius %,= r{1 + ( 


dr dy? 

The value of dh/dr should be determined separately for each curve, since small variations in the 
calculated radii influence the tension value to a much greater extent than do similar variations 
in the K.E.gor,, term. The values 7, Ah, and dh/dr can be obtained directly from the measured 
h-r curves; if dh/dr is plotted against 7, then the value of d*h/dr* can be obtained from the slope 
of this curve, and since y,, is constant, the value of y, may be calculated from equation (6). The 
results given in Table II have been calculated from equation (6) by using the same jet measure- 
ments as were employed when deriving the high apparent tensions by equation (3) (Figs. 9, 11, 
and 12). 


Taste II. 


Horizontal 
radius Ye 
Solution used. h (cm.). (cm.). dynes/cm. 
0-360 0-3010 51-6 
Ethyl alcohol + 1-8% NaCl (Drop-wt. y = 51-4 dynes/cm.) { 0-410 0-2835 50-5 


0-910 0-2004 50-2 
0-450 0-2730 46-5 
0-650 0-2315 47-4 
0-850 0-2049 48-0 
1-050 0-1894 48-0 
1-150 0-1834 48-0 
0-520 0-2568 50-5 
0-720 0-2255 51°5 
0-920 0-2012 52-0 
1-120 0-1866 51-5 
1-320 0°1757 51-5 


Equation (6) gives the correct value of the tension, within experimental error, for non-ideal 
jets, and may therefore be applied directly to the study of adsorption rates over the time range 
of 0°005—0°4 sec. It is of interest here to record the relative magnitudes of the horizontal, 
internal, and external radii at different points of the jet, since this relation determines the 
accuracy with which the various radii must be measured. Fig. 13 shows these values for the 
0°55% isoamyl alcohol solution (for which calculated tensions are given in Table II). The 
magnitudes of the ethyl alcohol and sec.-octyl alcohol jet radii are similar. The horizontal and 
true internal radii become almost identical in value as the jet approaches cylindrical form, and 
over the same h range the external radius becomes so large as to be ultimately negligible. 

(2) With a point of known tension as reference. The approach given above suffers from the 
practical disadvantage that it is necessary to measure A-r curves for both the water and the 
aqueous solution jets at an identical flow rate. Equation (7) below permits calculation of surface 
tensions from measurements on the jet of alcohol solution alone, and is not restricted to any 
optimum flow rate range. 

The reference point can be determined in two ways: (a) If the tension is changing throughout 
the jet, the reference point can be taken as the point at which the jet strikes a barrier, in which 
case the tension at that point is available from the dimensions of the waves on the jet. (6) If 
the solution is known to establish equilibrium early in the jet, any point in the lower part of the 
jet may be taken as reference. 

If we now define A on the alcohol solution jet as the reference point of known tension, and 
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B as the point of unknown tension on the same jet, and designate the various dimensions as 
follows : 


Distance 

Jet Horizontal External Internal Surface from Slope of 

positions. radius. radius. radius. tension. ifice. h-r curve, 

A % Lat Vos) Ye (dh /dr), 

B %% 710) 720) Y (dh/ dr), 
then the total energy at each point is given by the energy expression in (1) above. Since the 
horizontal radii at A and B now differ, it is not possible to eliminate either the vertical or the 
horizontal kinetic energy terms in equating energies at A and B, and thus 


AK.E yer, + AK.E.goriz, + A Curvature energy = Ahg 


The horizontal component of the velocity must diminish towards the centre of the jet, but if 
Vvert, represents the mean vertical velocity then a suitable approximation is given by the ratio 
Vvert,/(dh/dr). 


2 
If we assume that K.E.xoris, = sary /dr)? 


then the equation 
ae Wee Y 1 
( 74 * 7A(dh/are ~ sana) + 





2x8 \7t 


v0(-—— ;—) - » (=~ 7 >) =e(hy—h) . « (7) 


contains only readily measurable terms. 
Equation (7) has been tested on jets of pure water and an ethyl alcohol solution, and typical 
results are given in Table III. The calculated tensions are true within experimental error, 


TaBLeE III. 
(1.) ‘ (3.) - ) 
E 


. -£. Vert. 
Liquid tested. h, — 3 ; (dynes em). 
0-460 
(0) 8% Ethylalcohol + 1-8% NaCl (Equi- 


librium surface tension = 51-4 dynes/ 
cm.) 


{b) Pure water (y = 73-3 dynes/cm.) 


* Reference points. 


Cols. (2) and (3) show the relative magnitudes of the two kinetic-energy terms. With further 
refinement of the experimental technique it should be possible to apply this equation up to 
the orifice; the K.E.qox,, term would then become of major significance, and would require 
more accurate determination. 

(3) With the orifice as reference. The method now described, which is a modification of (2) 
above, finds wide application in the study of very dilute solutions, where adsorption rates are 
slower. Under these conditions the tension at the freshly formed surface, and dh/dr at the 
orifice, will be almost exactly that of water; the orifice can then be used as a reference point. 
It is then necessary, in calculating tensions at a given point in the jet, to use the jet dimensions 
at that point only, and the (a) and (6) suffixes (equation 7) need no longer be used. Equation (7) 
then simplifies to 

ait bd) 
he = gaa (1+ ae) tal > me Oe 


where the various dimensions are defined as in equation (7), and 


- sain (1+ aman) t Yu (x “y x) 
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All the dimensions in equation (9) are referred to the jet at the point where it meets the orifice, 
and K;, is a characteristic of the orifice, depending only on the flow rate. The value of K,; may 
be determined by direct measurement, but is most readily obtained, for solutes having slower 
adsorption rates, by applying equation (8) to water jets over a range of flow rates, when the 
value of K, is found to vary almost linearly with flow rate. With the orifice used, Ky = —134°5 
for f = 4°07 ml./sec. With use of this value, equation (8) has been applied to the jet obtained 
with 0°037% sec.-octyl alcohol (see Table II). The results are given in Table IV and are in 
satisfactory agreement, for present purposes, with the true value of 52°0 dynes/cm. 


TABLE IV. 


h, cm. 0-420 0-620 0-820 0-920 
Surface tension (dynes/cm.)... 51-5 53-3 53-1 52-7 


Section III. Factors Governing the Range of Applicability of the Method, 


(1) Expansion or Contraction of the Surface.—Measurements of the change in surface area of 
unit volume of liquid which occurs as this unit volume proceeds down the jet, have shown that 
in all cases a surface contraction occurs during the initial 0°2 cm. of jet, and is followed by a 
fairly rapid expansion which extends throughout the remainder of the jet. For solutions (of, 
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¢.g., ethyl and isoamy]l alcohol) in which surface equilibrium is established rapidly, calculation 
has confirmed that the rates of change of surface area involved are insufficient to influence the 
equilibrium surface tension. Where slower rates of adsorption are concerned, surface expansion 
may cause the tensions at the jet surface to be appreciably different from the stationary surface 
values. 

If we first consider a thin horizontal lamina of liquid to be in the form of a cylinder, then the 
surface area (for unit volume) is given by 2/r. The change in area due to this effect alone is shown 
in Fig. 14 by curve A. In fact, the lamina is a frustrum of a cone, mean radius ry, and the 
surface area depends also upon the angle of the cone. If the slope of the h-r curve, dh/dr, is 
tan 6, then the change in area due to change in @ is given by 1/sin 6 (curve B, Fig. 14). The 
resultant area changes, expressed as 2/y sin 6, are shown by curve C. Although the variation in 
surface area beyond h = ca. 02 cm. is almost independent of surface tension, the initial contraction 
of the jet is less pronounced as tension increases, and is only slight in the case of pure water. 
Fig. 15 shows the influence of flow rate on the surface area; the major increases in area are 
observed at low flow rates. This does not imply that surface expansion is more rapid, since 
differing surface ages are involved; by means of the information in Fig. 7, the area—h curves in 
Fig. 15 can be transcribed into area-time curves, when it may be shown that the actual rate of 
surface expansion (cm.*/sec.) is almost independent of flow rate. This fact, taken in conjunction 
with Fig. 14, implies that the rate of surface expansion is primarily determined by the size of the 
orifice, and is little influenced by surface tension or flow rate. 
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It may be deduced from Figs. 14 and 15 that an area of 1 cm.* will expand to about 15 cm. 
in 1 second. This rate is considerably in excess of that available by other methods. In the 
drop-weight method (Part VIII, J., 1948, 936) the surface area is approximately doubled in 
1 second, and in trough—movable barrier experiments surface expansion in excess of this latter 
rate results in the formation of surface ripples. This jet technique is therefore of value in that it 
enables the influence of surface expansion to be studied in systems which show no tension change 


Fie. 15. 


ry a 


8 


Surface area. 


y = 73-3 dynes/cm. 
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at the slower rates of expansion available by other methods. For example, the surface tension 
of a sec.-octyl alcohol solution, as measured by the drop-weight method, is not influenced by rate 
of formation of the drop, but is raised to the extent of 4-4 dynes/cm. above the equilibrium value 
at the expanding jet surface. The rate of adsorption to a stationary surface is known from 
vibrating-jet measurements (Part III, J., 1944, 477). From the corresponding A- curve the 
area—h relation may be deduced (as in Figs. 14 and 15); this may be transcribed into an area- 
time curve, from which the rate of surface expansion may be obtained. By using this inform- 


Fic. 16. 
0:037% sec.-Octyl alcohol solution. 


-—o—o— Cale. for expanding surface 
—u—«— Exptl. (Section IZ). 
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ation, and the stepwise approach described in Part VIII (loc. cit.), the influence of surface 
expansion has been calculated for the 0°037% sec.-octyl alcohol solution. The tensions are 
plotted against time and A’ in Fig. 16. Owing to the initial contraction of the surface, the tension 
falls to the equilibrium value of 47°6 dynes/cm. in 0-040 sec. (compare 0°045 sec. at a stationary 
surface). The surface then changes from contraction to expansion; the surface excess conse- 
quently diminishes (i.e., the tension increases) until the rate of adsorption is balanced by the rate 
of surface expansion. This balance occurs at a tension value of 52°0 dynes/cm.; thereafter the 
tension is maintained at this figure, and this (rather than the equilibrium tension) is the value 
determined by the methods described in Section IT. 
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(2) Accuracy of Tension Measurement.—Assuming that f, h, R, and r are measured with 
appropriate accuracy, the degree of error in the measurement of the surface tension at any point 
in the jet is dependent upon the extent to which the radius is influenced by tension changes 
(distance A-B Fig. 1). A-—B has been deduced from “ ideal ” h-r curves for water and a liquid 
of surface tension 40 dynes/cm., and is plotted against distance from the orifice in Fig. 17 for 
several flow rates. Since all jets originate from the rim of the orifice, A-B is initially zero. 
Fig. 17 indicates that A—B passes through a maximum (which becomes greater as the flow rate 
diminishes) and that when the jet approximates to cylindrical form (i.e., at h values beyond about 
2 cm.) the jet radius varies little with change in tension. The A—B values are recorded in terms 
of eyepiece scale divisions (where 1 division = 3°977 x 10 cm.) and represent variations of 
4—35% of the actual radius of the water jet. Under the experimental conditions employed, 
it was possible to determine radius values with an accuracy of 0°1 division. On this basis, the 
values listed in Table V indicate the maximum errors arising from measurement of radius, and 
further refinement of experimental technique would reduce these errors. 


TABLE V. 


Experimental error dynes/cm. 
Flow rates, ml. /sec. 


5. 
0-16 
0-22 
0-36 
0-51 
0-78 
1-36 





The degree of accuracy in the measurement of tension is thus sufficiently great to enable the 
technique to be directly applicable to the study of dynamic tensions and surface diffusion 


Fic. 17. 
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Radius difference, AB. 








10 rs 
hicm). 
processes; the method fulfils an entirely different function from the many more accurate methods 
designed for measurements at static surfaces, and no grounds exist for comparison. 

(3) Critical Flow Rate for Jet Formation.—Under any given experimental conditions there is a 
minimum liquid flow rate below which the jet collapses (termed the “ critical flow rate ’”’ to avoid 
confusion with other minima referred to in this paper), and this sets the lower limit to the range 
of flow rates available experimentally. This lower limit varies with surface tension and jet 
radius, so that the factors governing its operation merit more detailed consideration. On the 
basis of the energy equations [e.g., equation (8)] only, it would seem possible to reduce the flow 
rate to values almost infinitely small without collapse of the jet. However, experiments show 
that jet collapse may occur, with solutions of low surface tension, at flow rates as high as 
10 ml./sec., and it appears that for jet stability the area/volume ratio of the contracting portion 
of the jet must not exceed that of the liquid suspended on the orifice after jet collapse. 
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When the flow rate is diminished, the ratio, area/volume of jet liquid, is increased. Fig, 18 
shows the variation in area/volume ratio with flow rate for water, and for an ideal liquid assumed 
to have a surface tension of 40 dynes/cm. throughout the jet. As flow rate varies, the change in 
area/volume ratio occurs largely in the upper contracting portion of the jet. When the jet 
collapses, the break occurs approximately at the position where the jet assumes cylindrical 
form. The selection of this position is somewhat arbitrary; curves AB and CD (Fig. 18) have 
been calculated for that portion of the jet up to 0°7 cm. from the orifice. This represents a 
suitable measured mean, and the positions of the curves are not altered appreciably by variations 
of +0°1 cm. in the adopted 4 value. When the jet breaks, the lower cylindrical portion falls 
away in the form of drops; and the upper contracting portion remains suspended on the orifice, 
A study of the shape of this suspended liquid immediately after collapse, and the influence of 
surface tension on this shape, lies outside the scope of this investigation, but measurements of 
minimum flow rates indicate that the limits of area/volume ratio lie approximately along the 
line BD (Fig. 18) and point D therefore represents the minimum flow rate available for a water 
jet. Since for the liquid of low surface tension the area/volume ratio is greater (curve AB) the 
maximum ratio for jet stability is reached at a higher flow rate (point B, Fig. 18). The non- 
ideal alcohol solutions discussed in Section II will give area/volume curves lying between AB and 
CD, but will be governed by the same principles. 


Fic. 18. Fic. 19. 
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Slight reduction in orifice radius is found to’cause a considerable decrease in the critical flow 
rate. The effect is illustrated in Fig. 18. By appropriate reduction in R the curve AB moves 
to some position EF. Since the volume of liquid suspended on the orifice after jet collapse is 
reduced, its area/volume ratio is increased, and the limiting curve BD moves to position FG. 
In consequence, the minimum available flow rate is decreased from B to F. Considering this 
radius factor alone, the restrictions in the use of the technique which arise as a result of the 
operation of the critical flow rate effect are less significant with narrow orifices. However, the 
accuracy with which tensions may be measured diminishes with decreasing R, and it was these 
considerations which led to the selection of the orifice radius used as a suitable mean between 
these two conflicting effects. Some minimum flow-rate values have been measured for three 
orifices of slightly different radii, employing various solutions of isoamy] alcohol, and are recorded 
in Table VI. 


TABLE VI. 
, : Critical flow rate, ml. /sec. 
Internal radius . A 
of orifice y = 73-5 * y = 53-5 
tube (cm.). dynes/cm. . dynes/cm. 
0-7471 2-3 : 5-8 
0-6021 1-3 . 2-5 
0-5794 — 1-2 
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(4) Significance of Orifice Radius.—Since the derivation of equation (3) was independent of 
the magnitude of R, for a given flow rate and tension there should be only one possible ideal jet, 
the orifice radius determining merely the position at which the jet commences on the h/ range. 
Thus if LNX (Fig. 19) be considered to be the water jet from orifice LM, water flowing from a 
smaller orifice NP should follow the same curve NX, and similar considerations apply for larger 
orifices. To confirm this, equation (3) was applied, without change in the constants involved, to 
measure 4 and y values for a water jet from an orifice of 0°579 cm. radius, and the calculated 
tensions for two flow rates are given in Table VII. For a flow rate of 2°202 ml./sec. the results 


TABLE VII. 


(a) f = 2-202 ml. /sec. h, cm. 0-300 0-435 


0-585 
y, dynes/cm. 74-2 76-0 75- 
h, cm. . 0- 


2 

(0) f = 4-141 ml. /sec. ; 0-450 0-530 740 0-840 1-050 
y, dynes/em. 84-0 82-2 78-0 17-1 74:8 

differ from the true value by little more than the experimental error. However, it appears that 
when liquid is delivered from a smaller orifice turbulent flow commences at a lower flow rate, and 
thus for this orifice the maximum in the optimum flow rate range is about 2°5 ml./sec. (compared 
with 5°0 ml./sec. for R = 0°747 cm.). Above this f value turbulent flow gives rise to high 
calculated y values, as was observed (Fig. 5) for the larger radius. 

Therefore for the measurement of the surface tension of a pure liquid, the available upper 
limit of R is determined by the critical flow rate; the lower limit is determined only by practical 
considerations, i.e., the accuracy with which ry can be measured. However, for the measurement 
of differences in surface tension R should be as large as possible. If an ideal liquid of low surface 
tension flows from orifice LM (Fig. 19) its shape can be represented (relative to the water curve 
LNX) by the curve LTY. It has been shown above that the form of the jet is independent of 
R, and this can be considered to hold true whatever the value of the surface tension. Thus the 
liquid of low tension flowing from the smaller orifice would have the form TY. In order to 
compare the two jets from orifice NP, curve TY must be displaced vertically downwards by a 
distance TN. The horizontal distance between the two curves at any point will then clearly 
be smaller than that obtained with the larger orifice. 


Tue UNIVERSITY, NOTTINGHAM. (Received, May 11th, 1949.] 





591. Conjugation across a Single Bond. 
By C. A. Coutson and (Miss) J. Jacoss. 


Calculations are made, using the method of molecular orbitals, of the partial bond order 
associated with the “ single ’’ bond connecting two resonating groups such as vinyl, phenyl, 
or naphthyl. This bond order increases when the size of either, or both, of the attached groups, 
increases. A careful study of the various phenyl- and diphenyl-ethylenes shows a close 
relation between the donor character of the ethylene link and the acceptor property of the 
adjacent single bonds. An appendix deals with the mathematical technique involved. 


IT was pointed out some years ago by Pauling, Springall, and Palmer (J. Amer. Chem. Soc., 
1939, 61, 927) that when two conjugated groups are joined together by a “ single’ bond, as, 
é.g., two phenyl groups to form diphenyl, this central bond partakes of some double-bond 
character: this is shown experimentally by a preference for a totally coplanar structure, in so 
far as steric conditions permit, and by a shortening of the bond length. The matter has been 
more fully discussed theoretically by Coulson and Longuet-Higgins (Proc. Roy. Soc., 1948, 
A., 195, 188) (referred to as C.L.-H.) who have shown, in certain simple cases, how this bond 
order may be calculated according to the method of molecular orbitals, and how its value, 
together with the resulting extra resonance energy, may be related to the self-polarisabilities 
of the atoms which are thus joined together, and to their “ conjugating powers.”’ It is our 
object in this present paper to extend these calculations, and to draw certain general 
conclusions, not fully stated in the earlier work. We first give our numerical results without 
any detailed explanation of the technique which we found most appropriate, which is relegated 
to the Appendix. Our definitions and symbols have, where possible, the same significance as 
in the earlier paper. The results themselves fall naturally into four groups: the polyenes, 
condensed hydrocarbons, polyphenyls, and phenylethylenes. 

Results of Calculations.—Group 1. Polyenes. It seemed probable from a study of the 

8T 
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numerical values in C.L.-H. that the double-bond character of the connecting “ single ” bond 
would be greater the larger the two units which it was joining together. This conjecture 
may easily be tested for the case where the two end-groups are polyene units of form 
*CH[‘CH’CH:],CH,, since for polyene chains the bond orders have been calculated by Coulson 
(Proc. Roy. Soc., 1939, A, 169, 413) in algebraic form. Table I shows that if we conjugate two 
equal groups in this way, the central bond order increases steadily from r = 0 (butadiene) 
and r = 1 (octatetraene) to r = o (infinite polyene chain). 


TaBLeE I, 
Mobile bond order of central link with equal groups *CH[{-CH°CH:],CH, on each end, 


0 1 2 3 C) 
0-447 0-529 0-561 0-592 0-636 


A similar result is obtained if we place a vinyl group at one end and a polyene of varying 
length at the other, as shown in Table II. 


TABLE II. 
Mobile bond order with *CH:CH, at one end and *CH[:;CH*CH:],CH, at the other. 


1 2 3 ro) 
0-483 0-495 0-500 0-510 

It will be noticed that, in both cases, p increases with the size of the group, though 
corresponding values in Table II are smaller than in Table I. It also appears that the entry 
in Table II for any value of r is very close to the geometrical mean of the values for y = r and 
y= 0in Table I. Even for the infinite molecule the discrepancy is only 4%. This confirms a 
conclusion stated in the earlier paper (C.L.-H.). 

Group 2. Condensed hydrocarbons. Our next group of molecules extends the previous 
idea by considering the conjugations of two naphthyl, or two anthryl, radicals and also the 
conjugation of either of these with a phenyl radical. In these calculations, and in our later 
ones, we have assumed that all such molecules are coplanar. This is extremely unlikely except 
perhaps in the crystalline form, though as Friedel, Orchin, and Reggel (J. Amer. Chem. Soc., 
1948, 70, 199) have shown, this is very nearly true at least for 2: 2’-dinaphthyl. In the cases 
of those other molecules which are not coplanar (particularly in ortho-conjugation), it seems 
most probable that the calculated mobile bond orders » should be multiplied by a factor 
approximately equal to cos 6, where @ is the angle between the two parts of the composite 
molecule. We have thought it best to leave our results without. this factor, treating the 
molecules as if they were planar; for this illustrates our general conclusions regarding the 
conjugation of radicals of different size without the complication due to steric hindrance. 
Table III shows the results obtained. 

TaBLe III. 


Bond orders in dinaphthyls, dianthryls, etc. 


2-Phenyl 
0-372 

2-Phenyl 9-Phenyl 
0-375 0-407 


Several conclusions may be drawn from this table : 

(a) Increasing the size of the units invariably increases the value of »; and this is true 
whether the two conjugating units are the same or different. 

(b) The 1-positions in naphthalene and anthracene are more effective than the 2-positions, 
in agreement with their conjugating powers defined in C.L.-H. When these positions are mixed, 
as in the 1 : 2’-compounds, the bond order is closely the mean of the 1: 1’- and the 2 : 2’-bond 
orders. 

(c) The meso-position in anthryl is much more susceptible than any of the other positions 
in any of these molecules, again in agreement with C.L.-H. 
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Group 3. Polyphenyls. The interest in this group arises from the fact that phenyls can 
combine in o-, m-, or p-positions. It is also known that a phenyl group will conjugate, though 
somewhat inefficiently, in the same way as a vinyl group. Table IV shows the results obtained, 
We have omitted the higher o-polyphenyls because, as Karle and Brockway have shown 
experimentally (J. Amer. Chem. Soc., 1946, 66, 1974), three phenyls in o-positions relative to 
each other are at a mutual angle of nearly 90°. Steric effects here predominate over resonance 
ones. The conclusions from this table are : 

(d) Conjugation in the polyphenyls is almost independent of the number of rings conjugated 
together (cf. terphenyl with hexaphenyl, and s-triphenylbenzene with m-terpheny]). 

(e) Conjugation in the p-position is a little more effective than in the m-position. These 
two results are in close accord with experimental observations by Gillam and Hey (J., 1939, 
1170) who found that the ultra-violet spectra of these compounds showed only a very gradual 
shift to the red with increasing number of rings (a ‘‘ convergent ” series), and that this shift 
was a little greater for the p- than for the m-compounds. Now, ultra-violet absorption spectra 
arise through transitions from the ground level to an excited level. It would appear from the 
experimental facts that the conjugation is almost independent of the number of rings, both in 
the ground and in the excited levels of these molecules. 

(f) A comparison of diphenyl with butadiene (ry = 0 in Table I) shows that a phenyl group 
is less efficient than a vinyl group in conjugation. This agrees with C.L.-H., who showed that 
their conjugating powers were 0°398 and 0°500, respectively, and with some valence-bond 
calculations by Pauling and Sherman (J. Chem. Physics, 1933, 1, 679) who state that “ a phenyl 
group is 20 or 30% less effective in conjugation than a double bond.” It also agrees 
with some unpublished calculations by one of the authors (C. A. C.), who showed that in the 
infinite p-polyphenyl, the extra conjugation energy per phenyl group was 0°3888* and in the 
infinite polyene chain it amounted to 0°5488 per double bond; the ratio of these two 
quantities is 0°71, which is very similar to the ratio found by Pauling and Sherman, and in 
C.L.-H. These values relate to the energy of the molecule in its ground state. One must be 
careful not to apply them to excited states, with a view to the prediction of ultra-violet spectra, 
Here the effect of a phenyl group often exceeds that of a vinyl group: Lewis and Calvin (Chem, 
Rev., 1939, 25, 273), for example, in a study of the diphenylpolyenes Ph:[CH°CH],,Ph, concluded 
that each Ph was the equivalent of 2°35 of the central units; and in a similar connection 
Hausser (Z. techn. Physik, 1934, 15, 10) has taken the value 1°5. 

(g) The diphenylyl radical, being larger than the phenyl, is able to conjugate more effectively, 
so that the “‘ spokes ” in hexadiphenylylbenzene have a bond order greater than those in hexa- 
phenylbenzene. There is a kind of compensation here, showing that the enhanced bond order 
is partly taken from the central benzene ring, for in the less conjugated molecule the order 
of the central ring bonds is a little greater than in the other. But when only three phenyls, 
instead of six, are conjugated with the central ring, the bond order in this ring is distinctly 
higher. 

Group 4 Vinyl compounds. These compounds are obtained by conjugating a double bond 
with some other larger radical. One or two particular cases of this have already occurred in 
Group 1, and some others have been given in C.L.-H. The rest are given in Tables V and VI 
for the first time. Here, in addition to the bond order #, of the “ single ” bond, we also give 


TABLE V. 
Bond orders in vinyl compounds. 


(p, and pg refer to “‘ single ’’ and ‘‘ double ’ bonds respectively. In the diphenyl compounds #, refers 
to the central bond of the diphenylyl group.) 


Compound. Pe Pa Compound. Pe Pa Pe 

DIG | ccconcicriscsesesesss 1l- 0-425 0-900 Diphenylyl ...... o- 0417 0-905 0-381 

2- 0-409 0-909 m- 0-405 0-912 0-369 

GES a reece l- 0-429 0-897 p- 0-412 0-908 0-376 
ae ae. Beers 0-447 0-894 
: 9- 0-451 0-877 1-Butadienyl ......... 0-483 0-871 
SII | sascsaapsnsdsaccyiverenetovess 0-406 0-911 2-Butadienyl ......... 0-408 0-908 
1-Hexatrienyl ......... 0-495 0-862 
3-Hexatrienyl ......... 0-435 0-891 


Infinite polyene chain 0-509 0-849 





* B is the conventional resonance integral for z-orbitals on adjacent carbon atoms. 
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TABLE VI. 
Bond orders in phenyl- and diphenyl-ethylenes. 


(P,» fe have the same significance as in Table V; ¢ denotes a phenyl radical, D denotes a diphenyly] 
radical. 


Molecule. ; Pa Molecule. Pe ba 
¢HC=CH, . 0-911 DHC=CH, 0-412 0-908 
¢HC=CH¢ . 0-820 DHC—CHD 0-440 0-811 


omc 0-843 *o=cH, 0-381 0-836 
a 6 (a) 0-396 (a) 0-403 
ia 0-752 0-739 
. H (b) 0-450 


(b) 0-462 


mone’ 0-410 0-685 0-417 0-668 


the order pg of the vinyl, or ‘‘ double” bond. Asa result of the conjugation, this is decreased 
below 1°0. We draw the following conclusions from these tables : 

(kh) The conjugation of a naphthyl, anthryl, or phenyl radical with a vinyl group is similar 
to their conjugation with each other, so that both in the matter of the dependence on size and 
in the choice of conjugating position (e.g., 1- or 2-naphthyl) the conclusions (a), (b), and (c) 
apply equally well to Table V as to Table ITI. 





0-92 


0-91 


0-90 





0-89 


g 
0-88 


0-87 











0-86 


0-85} 











0-40 042 044 046 046 050 0-52 
5: 


(i) So far as the o-, m-, and p-diphenylylethylenes of Table V are concerned, the situation 
is exactly comparable with that summarised in (e) for the three corresponding terphenyls. 

(j) A glance at Table V shows that, whenever the “ single ” bond has a high mobile order, 
the ‘“‘ double ” bond order is reduced. This is shown more clearly in Fig. 1, which shows the 
values of p, and p, in this table plotted against one another and numbered according to their 
sequence in Table V. The points lie quite closely on one straight line, the only serious exceptions 
being the 9-anthrylethylene and butadiene, both of which are somewhat different from the 
other compounds in this table. This figure makes it very clear that the single bond acquires 
at least part of its double-bond character at the expense of the vinyl group; the terms “ donor ”’ 
and ‘“‘ acceptor” could very naturally be used to describe this phenomenon. On the other 
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hand, the slope of the line in Fig. 1 is not unity, so that, as the three values of p, in Table y 
illustrate, the central bond accepts from both groups to which it is attached. 

(k) The diphenylyl radical is always more effective than the phenyl in increasing the bond 
order p, and at the same time in lowering p4, though the effect on p, is quite small. This shows 
that a bond which has become acceptor from one side is able also to become acceptor from the 
other side. On the other hand, there is a slight saturation effect, in that if two single bonds 
receive from the same end of the ethylene double bond, as in ¢,C—CH,, their order is lower than 
when only one single bond competes for the donor power of the C=C bond (0°376 instead of 
0°406). But if the two single bonds receive from opposite ends of the C=C link, as in $CH=CHg¢, 
their order is increased (0°431 instead of 0°406). In the latter case it is evident that the longer 
the conjugation path, the more exalted will be the bond order of the “‘single” bonds. An 
interpretation of these effects can be given without difficulty in the language of bond fixation 
and valence-bond resonance, as can soon be seen by writing down a few likely structures showing 
the ‘‘ single ’”’ bond as double. 

(i) The values of the double-bond order p, in Table VI may be summarised by saying that 
the greater the phenylation of the original ethylene bond, the lower its bond order becomes, 
The case of the phenylethylenes is shown in Fig. 2, where the bond order of the double bond in 
C,H,_,Ph, is plotted against x. When * = 0 we have ethylene, and when x = 4, tetraphenyl- 
ethylene. There are two values for * = 2, corresponding to the symmetrical and the 
unsymmetrical molecule; fortunately they do not differ very greatly. It will be seen that 
the graph in Fig. 2 is almost a straight line. The corresponding curve for C,H,_,D,, where 
D is diphenylyl, is very similar to that for the phenylethylenes. 

We may say, in general terms, that the conjugation of an ethylene double bond will always 
lead to a certain loss of double-bond character, and thus a weakening of the bond. Each 
successive additional conjugation weakens it further, though the weakening is a little less 
noticeable if the second group is substituted at the same end as the first. It is important to 
recognise that this weakening of the bond does not correspond to any actual flow, or migration, 
of charge: for all the molecules considered are alternant (i.e., crossable) hydrocarbons in 
the language of Coulson and Rushbrooke (Proc. Camb. Phil. Soc., 1940, 36, 193) so that the 
charges associated with the different nuclei are all equal, in this approximation. There may 
be—and probably is—a polarity effect in addition to the conjugation effect which we have 
described. But since polarity effects (Coulson and Longuet-Higgins, Proc. Roy. Soc., 1947, A, 
192, 16, and especially pp. 23 and 24) may be shown to exert no first-order effect on bond orders 
in alternant hydrocarbons, it is unlikely that any such effects would be large. The most easily 
visualised interpretation of this weakening of the bond seems to be that increasing the 
conjugation of this bond with other resonating groups has the effect of loosening the pairing 
of the spins of the two electrons, so that they are no longer completely anti-parallel, and 
consequently (Penney, ibid., 1937, A, 158, 306) the bond strength is reduced. In molecular 
orbital language we could say that the larger the region over which the mobile electrons may 
move without any particular preference to concentrate around any of the atomic centres, the 
more closely will all the bonds tend to be equal, and approach the value appropriate to graphite. 
This will be more true if the original double bond is in the middle of the complete system than 
if its conjugations are all at one end. 

The distinction which we have made between symmetrical and unsymmetrical conjugation 
with two phenyl groups is also shown in the reduction potentials for a double bond in various 
degrees of phenylation. Wawzonek and Laitinen’s experimental values (in volts) (J. Amer. 
Chem. Soc., 1942, 64, 1767, 2365; quoted from Birch, Faraday Soc. Discussions, 1947, 2, 
246) are: 


PhCH=CH,. PhCH=CHPh. Ph,C=CH,. Ph,C=CHPh. Ph,C=CPh,. 
—2-343 —2-140 —2-258 —2-118 —2-046 


This table is extremely similar to the appropriate half of Table VI, and would give a curve very 
similar to that of Fig. 2. This shows again that two phenyl groups at the same end of a double 
bond have less effect than one at each end. 

Conclusion.—We have shown that resonance across a “ single ” bond has a definite tendency 
to stabilise the molecule by giving a certain double-bond character to this link. We have given 
exhaustive tables of such bond orders and have shown how they may be related to the number 
and size of the conjugating groups. The value of such analysis seems to us to be threefold: 
(a) In the physical sense, it describes the geometry, ¢.g., bond length, of the molecule concerned. 
(bd) In a static chemical sense it provides us with a deeper insight into the nature and character of 
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g-electron conjugation. (c) In the dynamic chemical sense it gives us a measure of reactivity for 
addition, for, as Gold (Trans. Faraday Soc., 1949, 45, 191) has recently demonstrated by explicit 
calculation, there is a direct relation between the order of a bond and the energy change that 
takes place when the carbon atoms at the end of the bond are saturated. It is quite true that 
many other factors play some part as well, but this is certainly one important consideration, of 
particular application when one of the conjugating units is a double bond. 


Our thanks are due to Miss Agnes Thorburn, B.Sc., who helped with some of the preliminary 
calculations of this paper. 


WHEATSTONE Puysics LABORATORY, ; 
Kinc’s CoLLtecz, Lonpon. [Received, May 31st, 1949.] 


APPENDIX. 


This appendix is solely concerned with the mathematical technique and calculations. It 
was shown (C.L.-H.) that if two resonating units A and B are conjugated by _ ie 
joining atom a of A to b of B to form a single resonating unit C, as in Fig. 3, then , » 7» 


the mobile order of the bond ab is ad pd 
c 


ot Bar Aa,a Bo,» _ 1° Ba Ace Bo,» ri 
Pa = 4 AB #., te = =f ——— Sil aoe ee ig. 3. 


A(e), B(e), and C(e) denote the secular determinants for the two separate units and the final 
molecule as functions of the energy ¢, and A, ,, B,, are similar determinants when atoms 4 
and b have been removed. §,, is the resonance integral across the bond a—b. In our work all 
resonance integrals have been given the single value 8. In (1) ¢ has to be given the value 
iy and the integration is between + ©. 

Now since all the structures considered are alternant hydrocarbons every secular determinant 
is of the form 





A(e) = — fBR%er-3 + ghter-4 a 


with alternating signs, and only either odd, or even, powers of «. Thus A(iy) has all its terms 
of the same sign, and the integrand in (1) is always of the form shown in Fig. 4. Only one half 

of the total range need by considered, because of 
Fic. 4. symmetry around y = 0. 

We found it best to make the integrations numeric- 
ally by direct evaluation of the integrands. This was 
considerably shorter than the possible alternative of 
solving the secular determinant C(e) = 0 and using 
the standard definition of bond order in terms of the 
coefficients in the different molecular orbitals (Coulson, 
Proc. Roy. Soc., 1939, A, 169, 413). The technique 
was the same as that already described by Coulson 
(Proc. Camb. Phil. Soc., 1940, 36, 201) for calculation 

20 of the total mobile energy. A great advantage of 

. . this method was that once the fundamental poly- 

nomials A(iy), B(iy), Agq(iy), B,»(iy) had been 

evaluated for a suitable set of values of y, any pair of radicals could be conjugated together and 

the bond order p,, could be calculated in about an hour. In this way the whole process was 
systematised, and everything depended on the values of some 30 x 2 = 60 polynomials. 

It was found convenient to divide the complete range 0 to of y into three ranges 0—28, 
28—68, and 68—o. In each of the first two ranges a 9-ordinate rule of numerical integration 
was used. In the third range, 68—<, the following asymptotic expansion was practicable. 

C(e) is the secular determinant for the complete molecule, and Aga (¢) Bo.» (e) [= D(e), say) 
is the secular determinant for the whole molecule, from which the bond a—d has been removed. 


Let there be carbon atoms in the complete molecule. Then we can expand C and D in the 
form 


Integrand. 








C(e) = e* — f,B%e"-2 + go Bter-4 — ... 
D(c) = e*-* — f,B%e"-4 + gBter-@—...,. 2. 6 wwe (2) 





SY eee 


——— eee 
par * 
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The integral in (1) becomes, after a little reduction 


=| (3 +3434....)a¢ ¢=y/8) 


Tv 


%=fo—fo 
=80—Botfolfo—fo) - 


The contribution from ¢ = 6 tot = © is 





2/1 Cy Ce 
“e+sse + exe +..} 
Only the three terms shown are sufficient for an accuracy of 1 in 10,000. The first two terms 
alone give 1 in 1000. 
Now there are particularly simple expressions for the coefficients f and g. Thus Coulson 
has shown (Proc. Camb. Phil. Soc., in the press) that 


fo = no. of bonds in the structure C, 


so that f, — fp is simply the number of bonds that are lost when atoms a and b are removed 
from the complete molecule. This must have one of the values 3, 4, or 5, and may be obtained 
by simple inspection without the need to evaluate any secular determinant. 

Similarly gp = no. of distinct pairs of bonds in structure C, which are non-adjacent to each 
other. Thus the coefficient c, in (4) is easily found by inspection: it takes all values between 
4 and 29, with a contribution to p,, that lies between 0°00007 and 0°00047. As a result of 
this, the calculations are nothing like so arduous as might have been expected. 

An example will show how the method works. In diphenyl, the contributions are 


range 0—28 
range 28—68 


In this case a direct calculation from the coefficients in the molecular orbitals can fairly 
easily be made. It yields the accurate value 0°36968, showing that our technique is quite 
adequate if bond orders are wanted to not more than 3 decimal places. This is at least as 
accurate as is warranted by the idea of a fractional bond order. 





592. Dielectric Polarisation and Spectroscopic Data for Antipyrin, 
Certain of its Derivatives, and Phenylisooxazolone. 


By R. D. Brown, A. A. Huxins, R. J. W. Le Fitvre, (Miss) JEAN Nortucort, 
and I. R. WILson. 


Antipyrin, and its 4-bromo-, 4-dimethylamino-, and 4: 4’-dinitro-derivatives have 
moments (in benzene) of 5-5, 6-0, 5-2, and 4-6 D., respectively. These results are explicable 
in terms of the mesomerism of the N-C=C-C=O system. Phenylisooxazolone (uy = 5-0 D.) 
seems unperturbed. Ultra-violet spectra (in alcohol) of the above and also of 4-nitrosoanti- 
pyrin are recorded. 


Two formule have been proposed for antipyrin: (I) by Knorr (Amnalen, 1887, 238, 160, 205; 
1896, 293, 1, 26, 40; 1903, 328, 78), and (II) by Michaelis (Annalen, 1902, 320, 45). Thoms 


Ph Pate = Ph: —o- 
MeN? 4 Me- 4 bs MeNy a H 
Nie Nite 
(I) whe (III.) 


and Schnupp (Amnalen, 1923, 484, 296) considered (II) to be misleading, and concluded “ Das 
Antipyrin stellt also ein heterovicinales Oxo-Derivat des dihydrierten Pyrazols dar. Es besitzt 
eine dipolare Struktur in Form einer ‘ Ringdipolaritat,’ die eine grosse Bestandigkeit der 
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Molekul bedingt und ist als (1)-Phenyl-(2,3)-dimethyl-(5)-oxo-(3,4)-dihydropyrazol zu kenn- 
zeichnen.”” However, (III) is the modern enol-betaine version of (II) and that it may 
contribute to the real structure of antipyrin is understandable from Ingold’s discussion of polar- 


FA a 
jsation mechanisms (jJ., 1933, 1120) in which displacements in the system RW 


are explicitly mentioned; th&t (III) participates as an activated form in certain chemical 
reactions has also been indicated experimentally (Michaelis, loc. cit.; Ber., 1903, 36, 3271; 
Stolz, ibid., p. 3279). mt 

It therefore seemed relevafit to investigate possible physical evidence bearing on the point. 
There appeared to be some analogy with the sydnones (Earl, Leake, and Le Févre, J., 1948, 
9269; Earl, Le Févre, and Wilson, this vol., p. S 103) for which the bicyclic formulation 
originally proposed (Earl Mackney, J., 1935, 899) may be satisfactorily replaced by one 
which is monocyclic and thesomeric between various activated, radicaloid, and covalent 
extremes (cf. also Baker and Ollis, Nature, 1946, 158, 703; Earl, ibid., p. 909; Kenner and 
Mackay, ibid., p. 909; Earl, Leake, and Le Févre, ibid., 1947, 160, 366; Baker, Sutton, eé¢ al., 
ibid., p. 366). 

Dipole Moments.—From the data tabulated later the following have been evaluated : 


Antipyrin “5D. 4-Dimethylaminoantipyrin 
4-Bromoantipyrin . 4: 4’-Dinitroantipyrin 


Attempts to construct a scale model of (I) (using distances: C-C, 1°54; C—C, 1°34; N-N, 
1°48; N-C, 1°47 a.) lead to most unlikely N-N-CO angles unless those at each end of the double 
bond are ca. 110° (contrast Mills and Nixon, J., 1930, 2510). The heterocyclic nucleus then 
becomes an approximately regular pentagon. Very roughly the four C-N bond moments at 
the two N-atoms will mutually cancel. The resultant moment of (I) should therefore be of, 
the order of that expected for an «f$-unsaturated ketone (e.g., 3 : 5-dimethylcyclohex-2-enone, 
p= 3°8—4'0; cf. Trans. Faraday Soc., 1934, 80, Appendix, 44). The value actually found 
is ca. 1°65 D. higher than this. 

Further, it is qualitatively obvious that the direction of action of the resultant in (I) is 
roughly parallel to the axis of the C—O group, and has its negative end remote from the hetero- 
nucleus. Support for this is found in the moment of. the 4-bromo-derivative which, on the 
pentagonal structure mentioned above, should be the resultant of two vectors, 5°5 and 1°5 D., 
interacting at 72°, i.e., 6°1 D. (compared with 6°0, found). Likewise the 4-dimethylamino- 
group appears to be equivalent to a component of 1°5—2 p. (operating as Me,N —-> C, i.e., in 
the same sense and value as in various dimethylanilines studied by Marsden and Sutton, /., 
1936, 599) since calculation as for the bromo-analogue yields 5-2—5°3 p., compared with 5:2 p., 
found). However, substitution of the 4: 4’-hydrogen atoms by nitro-groups which should 
produce a substantial component augmenting that of the parent structure, notably does not 
do so—the polarity of dinitroantipyrin is ca. 1 p. less than that of antipyrin (this is more 
significant since such derivatives are likely to have an “‘ anomalous ”’ high moment, due to 
atomic polarisation, cf. Sutton, Ann. Reports, 1940, 37, 57; Coop and Sutton, J., 1938, 1269). 

We submit that these results may be understood if antipyrin is viewed as a resonance 
structure, to which the two chief polar contributors are (III) and (IV). A 4-bromo-atom will 
not seriously affect either of the conjugated systems connecting nitrogen to the (ketonic) 


Ph-N===C—O O,N:C, HN Pot H, 
Me-N = C oo 
\ che Oo 
(IV.) (VI) 


oxygen. A 4-dimethylamino-group may depress the polarisation producing (III) (by allowing 
an electron excess at C,,,), but still allow that leading to (IV). In the dinitro-derivative simult- 
aneous permanent duplet displacements (such as are commonly believed to occur in, ¢.g., 
p-nitroaniline) would contravene the ‘‘ adjacent charge’”’ rule, cf. (V). Each is better written 
separately, thus providing two further contributing structures. This molecule therefore may 
contain a nearly unperturbed ketonic group. We note that two C-——> NO, vectors of 4 p. 
each, interacting at 144°, produce a resultant of only 2:2 p. This, added to 2°3 pb. for the 
C=0 link (Eucken and Meyer, Physikal. Z., 1929, 30, 397), would give a value close to that 
observed experimentally. 
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We also have examined 4-nitrosoantipyrin, which might be expected to display a strong 


polarisation of the type cw [cf. lower part of (V)], since the nitroso-group has 
previously been found to be a powerful cause of such mesomerisation (Le Févre, J., 1931, 810; 
Le Févre and Smith, J., 1932, 2239; Le Févre, Nature, 1932, 129, 400; Marsden and Sutton 
loc. cit.). The solubility of 4-nitrosoantipyrin in non-polar solvents proved too small for other 
than spectroscopic measurements. In this fact, however, lies qualitative evidence of abnormally 
high polarity. 

Ulira-violet Spectva.—These (taken in alcohol) are shown in Fig. 1, and summarised in 
TableI. The first two substances have been examined previously by Valyashko and Bliznynkov 


TABLE I. 


10g x9 €. p log yo €- p a log 1» €. 
Antipyrin 3-91 247 3-97 273 3-98 
4-Dimethylaminoantipyrin a 255 4-04 = 


4-Nitrosoantipyrin 4-03 250 4-00 * { — - 
* Inflection only. 


(J. Gen. Chem. Russia, 1940, 10, 1342) and Biquard and Grammaticakis (Bull. Soc. chim., 1941, 
[v], 8, 246). Our results are less congruent with those of the Russian than with the French 


Fie. 1. Fic. 2. 
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authors, who emphasised the spectral resemblance to phenylhydrazine (240 my., 3°8; 285 my., 
3:2). It would, we submit, be better to seek among «a-acylphenylhydrazines for analogies. 
These show no maxima between 240 and 400 my. (Biquard and Grammaticakis, ibid., 1939, 
[v], 6, 1606). On the other hand, acetanilide absorbs at 240 my. (4°2), 273 my. (3°0), and 
280 mu. (2°7) (Ramart Lucas, ibid., 1936, 3, 726; West and Gillam, J., 1945, 432), isopropyl- 
ideneacetone at 237 my. (4°06) and 313 my. (1°76) (Burawoy, J., 1939, 1177), and 
crotonanilide at 268 my. (4°2) (Biquard and Grammaticakis, 1939, Joc. cit.). 

Glickman and Cope (J. Amer. Chem. Soc., 1945, 67, 1018) list the following which are 
relevant : 

Amax. (My.). 10849 &max.- Amax. (My.). 10G yo Emax.- 

NH,’CMe:CH:C(OEt):O _.... 274 4-31 NHMe-CMe:CH:C(OEt):O 284 4-51 


Accordingly the absorption in antipyrin and pyramidon appears to arise more from the systems 


OW aw Oy emue’ ; 
ae il eoeel cand and sis Mh med than from the Ph-N-N portion of the molecule. 


4-Nitrosoantipyrin presents a more complex spectrum, for which there do not appear to 
be any very direct comparisons. It is reasonable to suppose that conjugation of -N—O with 
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an olefinic double bond will shift 1,,,, to longer-wave regions and increase log,,e. Some com- 
parisons supporting this are : 


(3-6) 420-5 (4-37) 
(3-9 p-NMe,C,H,-NO (31 . 


3-7 
* Inflexion. 


3-Phenylisooxazol-5-one.—This compound (VI) was studied as a possible “‘ sydnone ” model. 
Its dipole moment (in benzene) has been measured as 49, D. This value is of the order to 
be expected from simple vector addition on the basis of (VI), but since the literature (Beilstein, 
“Handbuch,” XXVII, 200; XXVII, Erganzungsband, p. 278) cites chemical evidence for 
the keto-enol mohility of (VI) we wish to withhold discussion pending further work. 

The absorption spectrum of (VI) (in alcohol) is shown in Fig. 2. A maximum is seen at 
250 mu. (logy, ¢, 4°58), with points of inflection at 244 (4°46) and 257 mu. (4°41). Comparison 
may be made with N-methylbenzaldimine (247 my., 4°23; Biquard and Grammaticakis, 1939, 
loc. cit.), and the shorter-wave-length maximum of benzaldoxime at 250 muy. (4°15) although 
the oxime has also another maximum at 290 muy. (3°0) and a point of inflection at 282 muy. 
(323) (Ramart Lucas, Joc. cit.). 


EXPERIMENTAL. 


Dipole-moment Determinations.—Antipyrin and its 4-dimethylamino-derivative (pyramidon) were 
commercial specimens. The remaining substances were prepared by methods indicated by Beilstein’s 
“Handbuch.” All were recrystallised and had m. p.s in agreement with the recorded values. 

The apparatus, methods, and symbols used have been described before (Le Févre and Calderbank, 
J., 1948, 1949). The data of Tables II and III refer to benzene as solvent. They have been taken at 
different seasons, and it has not always been possible easily to maintain baths at 25°. 


TaBLE II, 
Refractivities. 


n?. a}. x3, ¢.c. [Rz]p, c.c. 10*w,. n®, dP. 71, ¢.c. [Rz]p, c.c. 
Antipyrin. Dinitroantipyrin. 

1-4913 0-86718 0-33415 —- 0 14913 0-86848 0-33375 ~~ 

1-4937, 0-87347 0-33317 55-7 3282-7 11-4920 0-87031 0-33335 6-66 

3-Phenylisooxazol-5-one. 

1-4916, 0-86718 0-33435 -— 

1-4921, 0-87081 0-33325 40-5 


Taste III. 
Dielectric constant and density coefficients. 
ae. d?. Bay. 10*w,. e. ae. a??. Bay. 
Antipyrin (30°). 4-Dimethylaminoantipyrin (25°). 
0 2-2725 — 0-87378 
0-2525 9745-5 2-4089 14-0 0-88016 
0-241 2-4102 14-0 0-88017 
- 0-243 2-4721, 13-8 0-88321 
2-4823 14-1 — 
Dinitroantipyrin (30°). 2-4847 13-9 0-88374 
2-2628 0-86848 2-6142 13-7 0-89012 
2-2769 0-86939 eee i 
29-2804 g 0-86963 4-Bromoantipyrin (25°). 
2-2828 . 086977 . 0 2-2725 — 0-87378 
2-2842 2-3531 15-0 087577 
2-2911 . 0-87031 2-4269 15-1 0-87763 
2-5021 15-1, 0-87977 
3-Phenylisooxazol-5-one (30°). 2-5638 14-5 0-88159 
2-2628 0-86718 — 
— 0-86799 0-273 
2-3364 16-6 0-86838 0-271 
2-3707 16-4 0-86900 0-277 
13274 2-4805 16-4 


Calculation of Resulits.—The equations, ,,.P, = M,[P, (1 — B) + cae, (cf. Le Févre and Vine, /., 
1937, 1805), and p = 0-01273 (,,P, — R)#T#, were used. * 
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TaBLe IV 
Compound. M;. Temp. Mean aes. Mean f. af’ [Rr]p. be, D. 
Dn da, TEE OTTO 188-2 30° 17-5 0-283 672, 55-7 5-5 
Dinitroantipyrin ......... 278-2 30 8-58 0-642 489 66-6 46 
Phenylisooxazolone ...... 161-1 30 16-5 0-315, 543, 40-5 4-9, 
Pyramidon ..... grreteeeeeees 231-3 25 13-9 0-748 625 69 * 5-2 
4-Bromoantipyrin ......... 267 25 14-9 0-437 801 62 * 5-9 


7 


* Calculated from data for antipyrin. 


The moment of antipyrin has been previously observed by Jensen and Friediger (Kgl. Danske 
Videnskabernes Selskab, 1943, 20, No. 20). Working at 25° they reported 5-4 p., with which our value 
is in satisfactory agreement. 

Absorption Spectra.—These were recorded in absolute ethanol, at first with the Hilger medium spectro- 
graph in conjunction with a rotating-sector photometer and condensed tungsten-steel spark, and were 
later checked on a Beckman photoelectric quartz spectrophotometer, model DU. 


Our thanks are due to the Chemical Society for permission to retain apparatus originally purchased 
from a research grant and to the Commonwealth Science Committee for financial assistance. 
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593. Structure and Colour in the Indolo(3’: 2'-3: 4)quinoline and the 
1 : 2-Dihydroquinolino(3’ : 2’-3 : 4)quinoline Series. 
By FREDERICK G. MANN. 


Further evidence is adduced to show that the formation of an indole from the pheny]l- 
hydrazone of 4-keto-l-phenyl-1 : 2:3: 4-tetrahydroquinoline (I) is accompanied by dehydro- 
genation to form the yellow 1-phenyl-y-indolo(3’ : 2’-3 : 4)quinoline (II), which however on 
salt formation gives the colourless 1-phenylindolo(3’ : 2’-3 : 4)quinolinium cation (III). 

4-Keto-l-phenyl-1 : 2 : 3: 4-tetrahydroquinoline condenses with isatin in alkaline solution 
to give the deep-red 1-phenyl-1 : 2-dihydro-quinolino(3’ : 2’-3 : 4)quinoline-4’-carboxylic acid 
(V), which however gives yellow salts and esters; there is little doubt that the free acid has a 
resonance zwitter-ion structure fundamentally different to that of its salts. The acid on 
heating undergoes decarboxylation to the yellow 1-phenyl-1 : 2-dihydroquinolino(3’ : 2’-3 : 4)- 
quinoline (VI), which forms deep-red salts with acids. These salts have a structure parallel 
to that of the previous acid (V), whilst that of the free base (VI) is analogous to that of the 
previous salts and esters: hence the similar colours of the two sets of derivatives. 

The above base (VI) undergoes a remarkably ready oxidation to the cream-coloured 
2-keto-1-phenyl-1 : 2-dihydroquinolino(3’ : 2’-3 : 4)quinoline (VIII), which gives orange-yellow 
salts. The structure of this compound and its derivatives has been investigated chemically 
and spectroscopically. 


Ir has already been briefly noted by Cookson and Mann (this vol., p. 67) that the phenylhydra 
zone of 4-keto-l-phenyl-1 : 2: 3: 4-tetrahydroquinoline (I), when subjected to the Fischer 
indole condensation by boiling with alcoholic hydrogen chloride, gives bright greenish-yellow 
crystals of 1-phenyl-/-indolo(3’ : 2’-3 : 4)quinoline (II). The evidence that this compound 
has the structure (II), i.e., that indole formation has been accompanied by loss of two hydrogen 
atoms, can be briefly summarised. (a) Analytical data indicate consistently that the compound 
has the formula C,,H,,N, in accordance with (II), and. not C,,H,,N,. (b) The yellow base 
gives a colourless hydrochloride, to the cation of which the structure (III) was attributed. It 
will be noted that the base (II) has a structure which would almost certainly cause colour, but 
proton addition allows both the indole and the quinoline system to re-establish their normal 
‘“‘ aromatic ’’ structure (III) and loss of colour would undoubtedly accompany this structural 
change to the 1-phenylindolo(3’ : 2’-3:4)quinolinium cation. There would clearly be a 
strong tendency to form this aromatic structure whenever conditions permitted. (c) It is 
known that in similar compounds dehydrogenation may accompany indolisation. Clemo and 
Perkin (jJ., 1924, 125, 1608) have shown that the phenylhydrazone of 4-keto-1:2:3:4- 
tetrahydroquinoline when boiled with dilute sulphuric acid undergoes a similar change to form 
the indolo(3’ : 2’-3 : 4)quinoline; in this case the dehydrogenation allows the aromatic structure 
to be retained and the product is colourless. 

Further evidence for structures (II) and (III) has now been obtained. The base (II) gives 
a crystalline hydrogen sulphate and hydrogen oxalate, both of which are colourless; furthermore 
the addition of even weak acids such as acetic acid to an alcoholic solution of (II) causes an 
immediate decolorisation, which, it is thus clear, is the normal result of proton addition. It 
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should be noted however that the base (II) gives a monomethiodide and a monoethiodide, both 
of which form fine buff-coloured crystals, markedly less intensely coloured than the parent 
pase. The significance of the colour of these quaternary salts is not certain. The formation of 
quaternary alkyl iodides from similar cyclic amines may be accompanied by colour formation 
when no fundamental structural change has occurred: for example, the methiodides and ethio- 
dides of quinoline, quinaldine, and isoquinoline are yellow. On the other hand, whereas salt 
formation from the base (II) by addition of acids gives almost solely the colourless quinolinium 
cation (III), the salt obtained by addition of alkyl halides may possibly have some proportion 
of the cation (IIIa) in addition to that corresponding to (ITI), and it is thus the resonance hybrid 
of these forms which possesses the pale buff colour. These arguments are based on the assump- 
tion that quaternary salt formation has occurred on the indole nitrogen atom, for the quinoline 
nitrogen atom bearing the phenyl] group must be markedly inert. 
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Indirect evidence for the structure of the base (II) comes from the fact that the quinolone (I) 
readily gives a phenylmethylhydrazone, which on indolisation gives 1-phenyl-1’-methyl-1 : 2- 
dihydroindolo(3’ : 2’-3 : 4)quinoline (IV). The structure of this compound is certain, since 
dehydrogenation cannot now accompany indole formation, and it is significant that this crystal- 
line compound is white, in accordance with structural considerations. Unlike the ¥-derivative 
{II), it did not form a methiodide : this property again is to be expected of a true N-alkylindole. 

The compounds obtained from the quinolone (I) by a Pfitzinger condensation present 
several features of considerable interest. When the quinolone and isatin are boiled together in 
alkaline solution, subsequent acidification gives 1-phenyl-1 : 2-dihydroquinolino(3’ : 2’-3 : 4)- 
quinoline-4’-carboxylic acid (V) as deep-red crystals (m. p. 210°), which when heated in a vacuum 
undergo decarboxylation, and the distillate then affords yellow crystals of 1-phenyl-1 : 2- 
dihydroquinolino(3’ : 2’-3 : 4)quinoline (VI), m. p. 1389—141°. Now it is clear that the formal 
structure (V) should not cause the intense red colour of this carboxylic acid. Furthermore, a 
solution of the acid when made alkaline becomes yellow, and the slightly soluble yellow 
potassium salt, for example, can be readily isolated; this salt on acidification regenerates the 
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unchanged red acid. When the potassium salt is boiled with methyl iodide, the yellow 
crystalline methyl ester is formed, the nitrogen atom being apparently too inert for quaternary 
salt formation. 
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These facts indicate strongly that the free acid cannot have the structure (V), but must bea 
zwitter-ion, which would exist as a resonance hybrid of the canonical forms (Va), (Vd), and (Vc). 
The structure of these forms would certainly cause the hybrid to possess a marked colour. The 
metallic salt and the esters have however the formal structure as (V) and hence possess the much 
paler colour. 

Confirmation of these structural deductions is given by the yellow*base (V1), which reverses 
the above colour changes, i.e., acidification gives a deep-red colour, and the hydrochloride, for 
example, can be readily isolated as garnet-red crystals. Here there is no doubt that the structure 
(VI) is correctly assigned to the free base, but that the cation formed by proton addition is a 


resonance hybrid of the canonical forms (VIa), (VIb), and (VIc) parallel in type to those of the 
zwitter-ion form of the acid (V). 


Ph 
(VIa.) 


Further evidence for the above structural changes can also be obtained from the reduction 
and the oxidation products of the yellow base (VI). The reduction products, although less 
important than the oxidation products, are described first because their discussion is simpler, 

When the base (VI) is hydrogenated, either by the action of sodium and alcohol or by catalytic 
reduction, 1-phenyl-1:2: 1’: 2’: 3’ : 4’-hexahydroquinolino(3’ : 2’-3: 4)quinoline (VII) is ob- 
tained; the crude product has m. p. 105—108°, but recrystallisation ultimately gives a product 
of m. p. 117°, and it is probable therefore that the initial product is a mixture of cis- and trans- 
isomers, from which one isomer is ultimately completely removed by recrystallisation. The 
notable fact is however that the hexahydro-base (VII) and its hydrochloride are colourless 
crystalline compounds. This is to be expected, since the base has no structural features that 
could cause colour, and its salts cannot possess resonance of the type depicted above (VIa—). 
It is noteworthy that the colourless hydrochloride of the hydrogenated base (VII) on exposure 
to air slowly becomes red, which may indicate atmospheric dehydrogenation to the more stable 
hydrochloride of the base (VI). 

The most remarkable property of the base (VI) is however the extraordinary ease with which 
it undergoes oxidation. When the crystalline base is heated in a stream of air even at 120° 
it undergoes complete oxidation to give cream-coloured crystals of a base, m. p. 259°, which has 
been identified as 2-keto-1-phenyl-1 : 2-dihydroquinolino(3’ : 2’-3 : 4)quinoline (VIII). The same 
oxidation occurs when the base (VI) is treated with a cold acetone solution of potassium 
permanganate, but not with a cold aqueous-acetone solution of hydrogen peroxide. The 
oxidised base (VIII) gives an orange-yellow crystalline monohydrochloride, in sharp contrast 
to the deep-red salt of the parent base (VI). This change in colour is not unexpected because, 
although the cation produced by proton addition to the keto-base (VIII) would probably exist 
also as a resonance hybrid of three canonical forms corresponding to (VIa), (VIb), and (VIc), the 
contribution of the last form, having a positive charge on the phenyl-substituted nitrogen atom, 
would now be very small in view of the fact that the compound (VIII) is really a cyclic amide; 
hence the colours of such salts should be less intense than those of the base (VI). 

The allocation of the structure (VIII) to this oxidation product receives strong support 
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from the chemical evidence, but is placed beyond doubt by an infra-red spectroscopical 
examination kindly undertaken by Dr. G. B. B. M. Sutherland. The chemical evidence will be 
briefly summarised first : 

(1) Analytical data for the oxidised base and its salts indicate consistently that it has the 
formula C,,H,,ON,, i.e., that oxidation has occurred by addition of one atom of oxygen and the 
removal of two atoms of hydrogen. Nevertheless the possibility that the two hydrogen atoms 
have not been removed and that the formula is therefore C,,H,,ON, cannot be ignored. If this 
were the case, three possibilities for the oxidation of the base (VI) would arise: (i) Formation 
of the <C(OH): group in the 4’-position giving the compound (X-A), which would be tautomeric 
with the imino-keto-form (X-B), and the latter in addition might exist as a stable zwitter-ion 
(X-C). All three forms would of course give the same hydrochloride (X-D). (ii) Formation 
of the ‘CH°OH group in the 2-position giving the compound (XI). (iii) Formation of the 
‘N > O group in the 1’-position, giving the quinoline 1’-oxide (XII). 

(2) Had oxidation according to (X) or (XI) occurred, the hydrochloride of the oxidised base 
would have been merely that of the 4’-hydroxy- or 2-hydroxy-derivative respectively of the 
base (VI), and the colour of these salts should have been closely similar. 

(3) The base (VIII) is unaffected by boiling acetic anhydride or by 2: 4-dinitrophenyl- 
hydrazine. This eliminates (XI) and makes (X-A) unlikely. 


(4) The base (VIII) is unaffected by sodium in boiling ethanol solution, but when subjected 
to catalytic hydrogenation under vigorous conditions gives a colourless dihydro-derivative 
without loss of oxygen. It is exceedingly unlikely that the tertiary amine oxide (XII) would 
not have been reduced to the tertiary amine under these conditions, whereas the amide CO 
group in (VIII) would almost certainly have remained unchanged. Evidence is given below 
that this dihydro-derivative has the structure (IX) and hence is 1-phenyl-2-keto-1 : 2:1’: 4’- 
tetrahydroquinolino(3’ : 2’-3 : 4)quinoline. 

(5) The increase in m. p. of 119° is in harmony with the oxidation of the cyclic amine group 
in (VI) to the cyclic amide group in (VIII). 

Dr. Sutherland reports: ‘ In order to determine whether infra-red methods would provide 
evidence from which it might be possible to decide between structures (VIII), (X-A), (X-B), 
(X-C), (XI), and (XII) for the oxidation product, the infra-red spectra of the following com- 
pounds were obtained by Mr. T. S. Robinson, using a Perkin Elmer Model 12 B recording infra- 
red spectrometer : 

(A) The base (VI). 

(B) The oxidation product of this base. 

(C) The hydrochloride of the oxidation product. 

(D) The dihydro-derivative of the oxidation product. 

(E) The tetrahydro-derivative (VII) of the base (VI). 

(F) Quinoline oxide. 

(G) Cholesterol, which was selected as a hydroxy-compound of comparable molecular weight 
to that of the oxidation product. 

“‘ The samples were all used as suspensions in liquid paraffin between rock-salt plates, and the 
resulting curves are shown in the figure, A—G. 
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“‘ Comparison of the spectra of the oxidation product (B) and its hydrochloride (C) with that 
of the base (A) shows that (B) and (C) each possess a strong band at 1660 cm. which is absent 


Infra-red ary a of the following compounds in the regions 1500—1700 cm.1 and 2600—3600 
cm.1; (A) The base (VI). (B) The oxidation product of this base. (C) The hydrochloride of the 
oxidation product. (D) The dihydvo-derivative of the oxidation product. (E) The tetrahydro-deriv- 
ative (VII) of the base (VI). (F) Quinoline oxide. (G) Cholesterol. 
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Numerals recorded on each curve give the approximate thickness (mm.) of the layer of paraffin suspension 
of the compound. The fraction, by weight, of compound in the suspension lies between 4 and } in all 
cases except (F) (quinoline oxide) where itis}. Regions of paraffin absorption are shown thus - - - - - - . 
The broad band in (F) centred on 3210 cm. probably arises from water due to the hygroscopic nature 
of quinoline oxide. 


in (A). The position and intensity of this band indicate that it is most probably due to a CO 
group, thus favouring structures (VIII) and (X-B) as against (X-A), (X-C), (XI), and (XII). 
The structures (X-A) and (XI) are however completely eliminated by the comparison of (B) 
and (G), since for roughly equivalent path-lengths the OH group is readily detected in 
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cholesterol (G) by the band at 3210 cm.-', of which no sign is found in the spectrum of (B), 
the oxidation product. Independently of this, however, the three structures (X-A), (X-B), and 
(X-C) are eliminated, because no sign of any OH frequency is found in the spectrum of the 
hydrochloride (C) of the oxidation product, whereas the hydrochloride of the above three 
structures must have the hydroxy-structure (X-D). 

“‘ Next, the structure (XII) is eliminated by comparing spectra of (B) and (F). The 1660- 
cm.-1 band has been shown to be associated with the oxidation product (i.e., it cannot arise from 
the benzene rings or from C—C or C—N bonds); consequently if the structure (XII) were 
correct, this band must arise from the NO link. It would therefore be expected to appear 
in the spectrum of quinoline oxide (F), but although the latter does show some absorption in 
this neighbourhood the shape and intensity of the band are entirely different from the sharp 
intense absorption shown here by the oxidation product. 

“The following points provide further evidence in favour of the structure (VIII) and 
against the structure (X-B). First the position of the CO frequency at 1660 cm.* is 
characteristic of cyclic amides, whereas a CO group such as that in (X-B) would be expected to 
have a frequency in excess of 1700 cm.-1. Secondly the structure (X-B) should show an NH 
frequency in the spectrum near 3280 cm.-, and this is not observed. Finally, the spectrum 
(E) of the tetrahydro-derivative (VII) of the base (VI) shows an NH band at 3280 cm.-'; the 
dihydro-derivative of the oxidation product also has this NH band in its spectrum (D) in this 
position, but shows no indication of an OH band which if present should have appeared close to 
3200 cm. (cf. cholesterol). This is strong evidence that this dihydro-derivative has the 
structure (IX), whereas (X-B) on hydrogenation would almost certainly have produced an OH 
group on the C atom in position 4’. 

“ There is therefore very powerful positive spectroscopic evidence in favour of the structure 


(VIII) for the oxidation product, and equally strong independent spectroscopic evidence 
against all the other structures.” 


In view of these results, the structures of the compounds obtained by the application of the 
Fischer indole reaction and the Pfitzinger reaction to a number of other cyclic keto-amines, 
e.g., 4-keto-l-methyl-1 : 2 : 3 : 4-tetrahydroquinoline and 4-ketojulolidine, have been investi- 
gated and will be described later. 


EXPERIMENTAL, 


Salis of 1-Phenyl--indolo(3’ : 2’-3 : 4)quinoline.—(i) Hydrogen sulphate. A cold concentrated 
aqueous solution of the hydrochloride of (II), prepared as described by Cookson and Mann (loc. cit.), was 
treated with dilute sulphuric acid, and’ the colourless crystalline precipitate of the hydrogen — 
monohydrate which soon appeared was collected, washed with water, dried in a vacuum, and analysed 
without delay (Found: C, 61-75; H, 4:6; N, 6-55. C,,H,,N,,H,SO,,H,O requires C, 61-5; H, 4-4; 
N, 68%). The crystals, m. p. 284—290° (decomp.), slowly became pale yellow on exposure to light. 

(ii) Hydrogen oxalate. This was prepared similarly to the above, with however a cold saturated 
aqueous solution of oxalic acid. The white crystals of the hydrogen oxalate which rapidly separated 
were treated as above, and had m. p. 237—-238° (effervescence) (Found: C, 67-2; H, 4-45; N, 7-0. 
Cy,H,gN,,C,H,O,,14H,O requires C, 67-1; H, 4-@; N, 68%). The salt was unchanged by rapid 
recrystallisation from water; it also became pale yellow on exposure to light. 

(iii) Methiodide. A solution of (II) (0-5 g.) in methyl] iodide (5 c.c.) deposited yellow crystals in a few 
minutes. The mixture was set aside overnight, and the crystals, when collected and recrystallised from 
methanol, furnished the methiodide monomethanolate as yellowish-buff crystals, m. p. 286° when immersed 
in a preheated bath (Found: C, 58-8; H, 4:3; N, 6-0. C,,.H,,N,I,CH,O requires C, 59-0; H, 4-5; 
N, 6-0%). This compound, when heated at 100°/1 mm. for 3 hours, gave the pure methiodide of 
unchanged m. p. (Found : C, 60-5; H, 4-3; N, 6-6. C,,H,,N,I requires C, 60-55; H, 3-9; N, 6-4%). 

(iv) Ethiodide. A solution of (II) (0-5 g.) in ethyl iodide (5 c.c.) formed two layers in the cold (unlike 
the methyl analogue) and when set aside for 48 hours deposited only a few crystals. The mixture was 
therefore heated under reflux for 1 hour and then cooled. The crystals of the ethiodide which separated 
were recrystallised from ethanol, had m. P. 293° (decomp.), and were almost indistinguishable in 
appearance from those of the methiodide (Found: C, 61-3; H, 4-4; N, 5-6. C,,;H,,N,I requires C, 
61:3; H, 4-25; N, 58%). 

1-Phenyl-1’-methyl-1 : 2-dihydroindolo(3’ : 2’-3 : 4)quinoline (IV).—Solutions of the quinolone (I) 
in ethanol (30 c.c.) containing a few drops of acetic acid and of as-phenylmethylhydrazine (5 g.) in ethanol 
(5 c.c.) were mixed and boiled under reflux for 1 hour. The solution on cooling deposited the solid 
4-keto-1-phenyl-1 : 2:3: 4-tetrahydroquinoline phenylmethylhydrazone, which when recrystallised from 
methanol afforded bright orange-yellow crystals, m. p. 102—102-5° (Found: C, 81-2; H, 6-7; N, 
12-6. C,gsH,,N; requires C, 80-7; H, 6-45; N, 12-8%). A solution of this hydrazone (6 g.) in ethanol 
previously saturated with hydrogen chloride (50 c.c.) was heated under reflux for 5 hours, the initial 
deep-red colour of the solution slowly fading. The cold solution was poured into 10% aqueous sodium 
carbonate solution, and the mixture extracted with chloroform. The extract was dried (Na,SO,) and 
evaporated, leaving a viscous residual gum. A solution of this gum in methanol containing ca. 1% of 
water was set aside for several days, during which period crystallisation proceeded slowly. The 
collected crystals were repeatedly recrystallised from ethanol until the above indolo(3’ : 2’-3 : 4)quinoline 
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(IV) was obtained as white crystals, m. p. 191° (Found: C, 85-3; H, 6-2; N, 9-0. C,,H,,N, requires 
C, 85-1; H, 5-8; N, 90%). These recrystallisations had to be performed rapidly, otherwise the initia] 
deposit of crystals became contaminated with a more soluble impurity which separated more slowly. 
The residual gum was also distilled at 0-1 mm. presure: the distillate rapidly formed -white crystals 
which on recrystallisation from ethanol gave (IV), m. p. 189—190°, but the yield was smaller. 7 

A solution of (IV) in methyl iodide was heated eoder reflux for 3 hours, but the compound (IV) was 
then recovered unchanged. 

4-Keto-1-phenyl-1 : 2:3: 4-tetrahydroquinoline Phenylethylhydvazone.—This compound was prepared 
as the above hydrazone, and after recrystallisation from ethanol formed yellow crystals, m. p. 95° 
(Found: C, 80-7; H, 7-0; N, 12-5. C,,H,,N, requires C, 80-9; H, 6-8; N, 12:3%). Many attempts 
were made to prepare an indole from this compound under a variety of conditions, but indefinite products 
were always obtained. 

4-Keto-1-phenyl-1 : 2: 3 : 4-tetrahydroquinoline Diphenylhydrazone.—Similarly prepared from as- 
diphenylhydrazine, this hydrazone was obtained as yellow crystals from ethanol, m. p. 160° (Found: 
C, 83-3; H, 6-2; N, 10-4. C,,H,3N, requires C, 83-3; H, 5-95; N, 10-8%). Again no definite products 
could be obtained on attempted preparation of an indole from this compound. 

1-Phenyl-1 : 2-dihydroquinolino(3’ : 2’-3 : 4)quinoline-4’-carboxylic Acid (V).—Isatin (3 g.) and the 
quinolone (I) (4 g.) were added in turn to a solution of potassium hydroxide (3-6 g.) in water (4 c.c.) and 
ethanol (20 c.c.), which was then heated under reflux for 15 hours. The dark green fluorescent solution 
was cooled and poured into an excess of dilute acetic acid, a dark red precipitate immediately forming. 
This precipitate was collected, washed with much water and then ethanol, and was finally recrystallised 
from boiling ethanol in which it was only sparingly soluble; it was only very slightly soluble in the other 
usual organic solvents. The 4’-carboxylic acid (V) was thus obtained as deep-red needles, m. p. 210° 
(effervescence) (Found: C, 78-2; H, 5-0; N, 8-1. C,3H,,O,N, requires C, 78-4; H, 4-55; N, 8-0%). 
This compound undergoes a slow decomposition on storage, particularly on exposure to light. Thus a 
sample in a securely stoppered tube was kept in the dark for 5 weeks, by which time its brilliant red 
colour had not appreciably changed, but its m. p. had dropped to 195—197°. Another finely-powdered 
sample, similarly secured, was exposed to bright daylight for 12 days with occasional shaking; its 
colour had by then faded to a dull brownish-orange, and on heating it softened at 176° and melted at 
188—192°. 

The deep-red alcoholic solution of the acid when treated with an excess of alkali immediately changed 
to bright yellow, this change being reversed on acidification. To prepare the pure potassium salt, the 
powdered, freshly crystallised acid was dissolved in a concentrated aqueous solution of potassium car- 
bonate with gentle warming, a clear yellow solution being ultimately obtained. On cooling, slender 
yellow crystals of the potassium salt separated; these were collected and twice recrystallised from very 
dilute potassium carbonate solution. After drying in a vacuum, they softened slightly at 80° and melted 
at 295—300° (Found: N, 7-0. C,3H,,O,N,K requires N, 7-2%). These crystals when exposed to 
light darkened slowly in colour to a dull orange. The potassium salt was moderately soluble in warm 
water, and acidification of the aqueous solution immediately precipitated the original red acid. 

When ethanolic solutions of the acid (V) and of a considerable excess of p-toluidine were mixed, the 
solution immediately became yellow. When however in an attempt to isolate the p-toluidine salt this 
experiment was repeated with equimolecular quantities of the acid and amine, the mixed solution 
remained red and on concentration at room temperature deposited crystals of the unchanged acid (V). 

To obtain the methyl ester of (V), a mixture of the powdered potassium salt and methyl iodide was 
heated under reflux for 6 hours, cooled, filtered, and allowed to evaporate. The yellowish-brown 
residue, when twice recrystallised from methanol, gave bright yellow crystals of the methy] ester, m. p. 
139—140°, the m. p. and composition being unchanged by further recrystallisation. These crystals were 
apparently a monomethanolate, although they were unchanged by heating at 60°/0-1 mm. (Found: C, 
75-9; H, 5-1; N, 7:3. C,,H,,0,N,,CH,O requires C, 75-4; H, 5-5; N, 7-0%). 

When a mixture of the acid (V) and methyl iodide was boiled under reflux for 6 hours and then allowed 
to evaporate, the unchanged acid was recovered. No indication was therefore obtained that either the 
free acid or its methyl ester forms a methiodide. 

1-Phenyl-| : 2-dihydroquinolino(3’ : 2’-3 : 4)quinoline (VI).—The acid (V) was heated cautiously at 
0-1 mm. pressure. Vigorous effervescence occurred, and a yellow oil distilled and rapidly solidified. 
Recrystallisation from ethanol (charcoal) gave the base (VI) as magnificent bright yellow crystals, m. p. 
139—141° (Found: C, 85-5; H, 5:2; N, 9-2. C,.H,,N, requires C, 85-8; H, 5-2; N, 9-1%). If the 
m. p. of this compound is determined in an acid-bath, the capillary tube should be sealed to protect the 
substance from acid fumes. An alcoholic solution of the base was yellow with a marked green 
fluorescence. 

The bright yellow crystals of this base on exposure to bright light slowly acquired a dull yellowish- 
brown colour, and the m. p. fell and became indefinite. When, on the other hand, samples of the 
crystals were kept in securely stoppered tubes in the dark for many weeks, the bright colour remained 
apparently unchanged, but the m. p. varied considerably, e.g., for different samples, m. p. 137—144°, 
142—147°, 143—-149°. One such sample after repeated recrystallisation from ethanol had m. p. 143— 
147° and its composition was unchanged ; another after similar treatment had m. p. 136—143° unchanged 
by further crystallisation, and had changed slightly in composition (Found: C, 84-4; H, 4-6%). The 
significance of these changes is still uncertain; they may be due to slow and slight atmospheric oxidation, 
as it is extremely difficult to remove traces of the less soluble oxidation product (VIII) from (VI) by 
recrystallisation. 

The crystalline base (VI) was dissolved by gentle warming in ethanol previously saturated with 
hydrogen chloride. The deep-red solution when moderately concentrated in a vacuum deposited 
garnet-red crystals of the hydrochloride which, when recrystallised from ethanolic hydrogen chloride, had 
m. p. 280° (decomp.) (Found: C, 76-2; H, 5-2; N, 8-2; Cl, 10-0. C,,H,,N,,HCl requires C, 76-7; 
H, 5-0; N, 8-1; Cl, 10-3%). 

Many attempts were made to prepare quaternary salts of the base (VI). When a solution of the base 





SS Se See hl ShCU 


l 
r 
t 
l 
) 
1 


vw 


[1949] and the 1 : 2-Dihydroquinolino(3’ : 2'-3 : 4)quinoline Series. 2823 


in an excess of methyl iodide was heated under reflux for 3 hours, the pale fluorescent yellow colour of 
the solution slowly turned red—an indication of salt formation. When however the solution was allowed 
to evaporate spontaneously, the residue on recrystallisation from methanol deposited a small amount of 
the almost colourless oxidation product (VIII), m. p. 256—258°, described later, the remainder being 
very soluble. Similarly when a mixture of equimolecular quantities of the base (VI) and methyl toluene- 

sulphonate was heated with a solvent at 100—120° for 7 hours, it rapidly developed a deep-red colour, 
on subsequent recrystallisation of the cold dark sticky product from methanol gave only a small 

uantity of the compound (VIII), m. p. 257—-258°. To suppress this oxidation, a solution of the base 
fv) in a mixture of methanol and methyl iodide was sealed in a tube under an atmosphere of nitrogen, 
and then heated at 80° for 8 hours. The cold deep-red solution was evaporated at room temperature in a 
vacuum, giving an oily residue which subsequently solidified. One recrystallisation from methanol gave 
deep-red crystals, which on heating decomposed over a range of temperature, becoming green and finally 
black at 300—325°; analysis indicated however that the crystals were probably the hydriodide of the 
base (Found : C, 60-1; H, 4-0; N, 6-25. C,,H,,N,,HI requires C, 60-5; H, 3-8; N,6-4. C,.H,,N,,CH,I 
requires C, 61:3; H, 4:3; N, 62%). The small quantity available and the high solubility prevented 
further recrystallisation and hence complete identification. 

Reduction to 1-Phenyl-1:2: 1’: 2’: 3’: 4’-hexahydroquinolino(3’ : 2’-3: 4)quinoline (VII).—(a) A 
solution of the base (VI) in ethanol was boiled under reflux while an excess of sodium was added in 
portions, until the yellow colour of the solution had almost completely faded. The solution was then 
poured into much distilled water that had been previously boiled and cooled. The cloudy solution was 
extracted with chloroform, and the extract dried (Na,SO,) and evaporated. The crystalline residue 
of the hexahydro-base (VII) after one recrystallisation from ethanol had m. p. 105—108°, but after five 
such crystallisations had a constant m. p. 117°, and separated as very slender colourless needles (Found : 
C, 84:5; 84:3; H, 6-3, 6-6; N, 9-0. C,,H,.N, requires C, 84-6; H, 6-5; N, 9-0%). 

(b) An ethanolic solution of the base (VI) containing a platinum catalyst underwent no reduction 
when treated with hydrogen at atmospheric pressure. When however a solution of the base (VI) 
(0-267 g.) in ethanol (120 c.c.) with the catalyst was hydrogenated at 75—-85°/50 atmospheres for 6 hours, 
and the cold solution then filtered and evaporated to ca. 25 c.c., cream-coloured crystals separated. 
These had m. p. 110—113°, and after two recrystallisations from ethanol furnished the above colourless 
hexahydro-base (VII), m. p. 117—117-5° (Found: C, 84-5; H, 6-4%). 

When ethanolic solutions of the base (VII) and of hydrogen chloride were mixed and stirred, slender 
colourless crystals of the hydrochloride separated (Found: C, 75-9; H, 6-35; N, 7:95. C,.H,)N,,HCl 
requires C, 75-7; H, 6-1; N, 8-0%). These crystals on heating decomposed over an indefinite range of 
temperature; when exposed to air, they slowly became faintly pink. The mother-liquor when set aside 
developed a red colour. 

Oxidation to 2-Keto-1-phenyl-1 : 2-dihydroquinolino(3’ : 2’-3: 4)quinoline (VIII).—(a) The finely 
powdered base (VI) (1 g.) was heated at 100—120° for 4 hours in a conical flask through which a stream of 
air was gently sucked, the powdered material being meanwhile gently shaken from time to time. A 
sample withdrawn from the main bulk had m. p. 215—248°. The heating was next increased to 175° 
for a further 4 hours, and the pow then had m. p. 254—256°. This material, when twice recrystal- 
lised from ethanol (charcoal), furnished the pure cream-coloured 2-keto-base (VIII), m. p. 259° (Found : 
C, 81-8; H, 4-6; N, 8-8. C,,H,,ON, requires C, 82-0; H, 4-4; N, 8-7%). A mixture of this compound 
and the original base (VI) when heated began to shrink at 135° and to melt at 162°, and ultimately gave 
a clear melt at 254°. 

The above conditions of oxidation were unnecessarily vigorous in order to ensure complete oxidation. 
A small sample of the base (VI) was heated in a stream of air at 120° for 2 hours, and the product had 
then m. p. 250—254°, increased to 258—259° by ethanolic recrystallisation. Another sample was 
similarly heated in a stream of air so that the temperature rose steadily to 175° and was then maintained 
there for 2 hours. No fusion was detectable as the temperature approached the m. p. of the base (VI), 
and the final product on recrystallisation had m. p. 259°. For the oxidation of larger quantities, however, 
the preliminary heating at 100—120° is advisable, followed by heating at ca. 175°. 

b) Acetone solutions of the base (VI) (0-5 g.) and of potassium permanganate were shaken together 
at room temperature for 2 hours, and the brown sludge was removed by filtration. The filtrate, which 
was bright yellow and therefore still contained some unoxidised base (VI), was treated with more 
permanganate until no further change was perceptible. The product was evaporated to dryness by 
gentle heating and added to the previous dried sludge, and the whole thoroughly extracted with much 
a on 26% = filtrate deposited the pure keto-base (VIII), m. p. 258—260° (0-35 g.) (Found : 

, 81-5; H, 46%). 

Concentrated aqueous hydrogen peroxide (“‘ 20 vols.’’) was added to an acetone solution of the base 
(VI), and the clear solution set aside for 24 hours. The crystals which had then separated had m. p. 
139—140°, unchanged by admixture with an authentic sample of (VI). An ethanolic solution of (VI) 
was boiled gently under reflux while the concentrated hydrogen peroxide was added dropwise during 1-5 
hours. The solution was set aside overnight, and the crystals which separated’ proved again to be the 
unchanged base (VI), m. p. 138—145° (mixed and unmixed). 

The keto-base (VIII) is markedly less soluble in boiling ethanol than the base (VI). 

The following salts of the keto-base (VIII) were prepared. 

Hydrochloride. A stream of hydrogen chloride was led into a boiling suspension of the keto-base 
(VIII) (0-4 g.) in ethanol (30 c.c.); bright yellow crystals rapidly appeared as the crystals of (VIII) 
dissolved—the process could be readily followed by eye. After 1 hour, the mixture was cooled, and the 
bright orange-yellow crystals of the hydrochloride collected and recrystallised from ethanol containing 
hydrogen chloride; they were collected and dried without washing. When heated the crystals became 
white at ca. 240° and then melted at 257—258°; it is probable therefore that dissociation to the base 
Rian : C, 73-3; H, 4:7; N, 7-6; Cl, 9-5. C,3H,,ON,,HCI requires C, 73-6; H, 4-2; 

, , »v ‘o/* 
Picrate. When almost saturated ethanolic solutions of the base (VIII) and of picric acid were mixed, 
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well-formed bright yellow crystals of the picrate were rapidly oe ee m. p. 223—225° (Found: ¢ 
60:7; H, 3-3; N, 13-0. C,,H,,ON,,C,H,O,N, requires C, 60-9; H, 3-1; N, 12-7%). Attempted 
recrystallisation of this picrate from ethanol caused dissociation, and the free base (VIII), m. p. 253— 
258°, was deposited. 

Nitrate. A few drops of concentrated nitric acid were cautiously added to a warm aqueous-ethanolic 
solution of (VIII), and the mixture was then cooled. Bright yellow needles of the nitrate separated 
m. p. 238—250° (Found: C, 68-65; H, 4-0; N, 10-6. C,,H,,ON,,HNO, requires C, 68-55; H, 3-9: 
N, 10-9%). The m. p. of the nitrate indicates that considerable dissociation probably precedes melting. 

When a solution of the base (VIII) in methyl iodide was heated under reflux for 12 hours and then 
allowed to evaporate, the residue consisted of unchanged (VIII), m. p. 253—255°. A solution of (VIII) 
in acetic anhydride was boiled under reflux for 4 hours, and on cooling deposited the unchanged (VIII) 
m. p. 256—258°. Ethanolic solutions of (VIII) and of 2: 4-dinitrophenylhydrazine, containing a few 
drops of acetic acid, were mixed and heated under reflux for 1-5 hours; on cooling, the unchanged (VIII) 
m. p. 256—258°, was deposited. ; 

Reduction to 2-Keto-l-phenyl-1 : 2: 1’ : 4’-tetrahydroquinolino(3’ : 2’-3: 4)quinoline (IX).—(a) An 
excess of sodium was added to a boiling solution of the keto-base (VIII), and the mixfure then heated 
under reflux until all the sodium had dissolved (ca. 1 hour) and finally poured into previously-boiled 
distilled water. The unchanged base (VIII) was precipitated. 

(b) A solution of the keto-base (VIII) (0-3 g.) in ethanol (180 c.c.) containing a platinum catalyst was 
hydrogenated at 100°/75 atmospheres for 6 hours. The cold filtered solution, which had a magnificent 
blue fluorescence but was otherwise colourless, was evaporated so that 2 consecutive crops were obtained. 
These had m. p. 238—257° and 241—258°, respectively, and were identical; they were united and twice 
recrystallised from ethanol, whereby the colourless monoethanolate of the 2-keto-tetrahydro-base (IX) 
was obtained, m. p. 238—257° (Found: C, 77-5; H, 6-2; N, 7-8. C,H,,ON;,C,H,O requires C, 77-8; 
H, 6-0; N, 76%). Asimilar sample, prepa ed by hydrogenation for 5 hours, gave the monoethanolate, 
m. p. 239—256° (Found: C, 77-5; H, 6-1%); when heated at 120°/0-1 mm. for 4 hours, this lost ethanol 
and gave the pure base (IX), m. p. 2838—257° (Found: C, 81-7; H, 4-8; N, 8-8. C,,H,,N,O requires 
C, 81-5; H, 5-0; N, 8-6%). A mixture of this base and the base (VIII) (m. p. 258—259°) had m. p. 
230—253°. The wide but almost constant range of the m. p. of the base (rx), shown in the above 
fractions, appears to be a characteristic property; the fact that the ethanolate has the same m. p. 
indicates that the ethanol is almost certainly lost before the m. p. is reached. . 


The author is very greatly indebted to Dr. G. B. B. M. Sutherland, F.R.S., for his spectroscopical 
— to the above investigation, and to Mr. F. C. Baker for considerable help in the experimental 
work, 
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594. Aryl-2-halogenoalkylamines. Part IV. The Reactions of NN-Di- 
2-chloroethyl-p-anisidine and §-Naphthyldi-2-chloroethylamine in 
Aqueous Acetone Solutions of Amines. 


By W. C. J. Ross. 


The reactions of NN-di-2-chloroethyl-p-anisidine and B-naphthyldi-2-chloroethylamine in 
aqueous solutions containing primary, secondary, and tertiary amines have been studied. It 
is shown that these arylhalogenoalkylamines readily react as bifunctional alkylating agents 
under mild conditions. The effect of the replacement of one chlorine atom on the reactivity of 
the second is discussed. 


In Part III (this vol., p. 2589) it was shown that esters are formed when arylhalogenoalkylamines 
react in aqueous solutions of various salts and it was postulated that the reaction proceeded by 
an Syl mechanism, the carbonium ion derived from the halide being assumed to combine directly 
with the anion. The present communication describes the reactions of these so-called “‘ aromatic 
nitrogen mustards ” with amines under similar conditions. The result sobtained are consistent 
with the assumption that the first stage in the reactions is the ionisation of the halogenoalkyl- 
amine. 

The rate of reaction of 8-naphthyldi-2-chloroethylamine in unbuffered 50% acetone solutions 
with and without the addition of aniline‘and also with varying amounts of p-toluidine is shown 
in Tables I and II. The rate of reaction of the halide—measured by the rate of appearance of 
chloride ions—is considerably greater when the amine is present. The increased rate is, however, 
probably not connected with a bimolecular reaction between the amine and the halide because, 
as can be seen from Table II, the rate of reaction is practically independent of the amine concen- 
tration. The small increase observed is almost certainly caused by the decreased probability 
of the back reaction with chloride ions (compare Part I). 

The expression kg, which is a measure of the rate of appearance of chloride ions from the 
dihalide, is increased in the presence of aniline. In contrast, the value of kq for the reaction 
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of 8-naphthyl-2-chloroethylamine, also shown in Table I, is only slightly affected by the addition 
of amine. 


TABLE I. N-2- naphtn al -N- methy/- -KM- -2~¢h oro Oth ylarnine 


Reaction of (a) ®-naphthyldi-2-chloroethylamine and (b) b-wapithyl-2-chlonosthylamine in 50% 
acetone solution. Concn. of halide, (a) 0°0066m., (b) 0°0132Mm., with and without the addition 
of aniline. Temp., 37°. 


(2). (2). 





— 
Amine 
added. il. 0-02m-Aniline. il. 0-02m-Aniline. 


Timein # yy ; " Timein H, ken, he 
%.* 2 a, %. 7. hours. x S me. _ , we 
0-0109 ° 3 . 0-031 0-035 
0-0096 6 ° 0-027 0-033 
0-0093 “ 24 0-019 0-026 
0-0086 “ 48 0-015 0-021 
0-0078 
0-0079 


* The extra acidity developed in this experiment is apparently connected with the darkening of 
the solution (see Part III). In (a) the H and Cl titres are based on the reaction of both chlorine 
atoms. fq has been calculated from the chlorine titres using the expression: kq = (2-303/t) log 100/ 
(100 — % Cl). 











‘ 


TABLE II. 


Reaction of 8-naphthyldi-2-chloroethylamine in 50% acetone solution containing p-toluidine. 
Concn. of halide, 0°0066mM. Temp. 37°. Time, 24 hours. 


Concn. of Concn. of 
p-toluidine. , Cl, %. p-toluidine. H, %. Cl, %. 
A 0-02m. 37 Cc 0-06M. 38-5 38-5 
B 0-04M. 38 
The sequence of reactions taking place when the dihalide reacts in the presence of aniline is 
as follows : 
ye CH,Cl 


A cH ‘CH,Cl 


(L.) <= 


OF ae ‘CH,’ vege’ a *CH,-NHPh 


\cH,CH,Cl BN cH, -CH,Cl 
(III.) (IV.) 


I I 


OO ane *CH,-OH /CHyCHy NHPh NH,Ph OO *CH,*-NHPh 
+ Ci- R'N 


+ 
8 cHy ‘CH,* \cH,CH,NHPh 
(V.) - 


|no 


/CHyCH,0H /CH,yCH,OH 
H R-N 


+ aNy + 
NCH, °CH,OH \CH,-CH,"NHPh 
(VIL.) (VIIL.) 
. (R = CyoH,) 


— 


R‘N + Ht 


+ Cl- RN H+ 


RN. NPh + Ht 


This scheme shows all the products that are theoretically possible; (VII) and (IX) have been 
isolated from the reaction mixture but (VIII) and (X) do not appear to be produced in 
significant quantities. 

The rate-determining steps in the reaction will be the ionisation of the chlorine atoms in (I) 
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and (III) or (IV). As has already been pointed out in Part III, (IV) is expected to ionise more 
readily than (III) and hence the rate of reaction of the dihalide should be increased in the 
presence of a primary amine. This interpretation of the increased reaction rate is supported 
by the relative independence of the rate on the concentration of amine and by the non-existence 
of the effect in the case of the monohalide. In the latter case the small increase in the rate is 
merely due to a suppression of the back-reaction with chloride ions (II) —-> (I). The value 
of kg, (Table I) does diminish as reaction proceeds owing to the fact that this back-reactiog 
becomes important when the concentration of chloride ions increases, 
The reactivity of the aromatic chloroethylamines is mainly due to the 
electron displacement induced by the lone pair of electrons on the nitrogen 
atom which facilitates the elimination of a chloride ion. The effect of the 
second nitrogen atom in (XI) will be to reinforce this electron displacement 
and an even greater rate of ionisation will result. 

Besides a general displacement of charge along the chain of atoms there will probably also 
be an effect across space since the second nitrogen atom can approach close to the chlorine atom 
as shown by the fact that the main product of the reaction is a piperazine—the reaction does, 
in fact, provide a very convenient method for the synthesis of piperazines (Davis and Ross, 
following paper). The formation of (IX) from (IV) is greatly favoured on steric grounds and 
it is, no doubt, for this reason that little or no (X) is produced. 

The possibility that a piperazine is formed from (IV) by an internal bimolecular-type reaction 
and that this is responsible for the increased rate of elimination of chloride ion appears to be 
unlikely for a number of reasons. First, when NN-di-2-chloroethyl-p-anisidine is heated with 
aniline or p-anisidine in dry acetone for two hours no significant amount of piperazine is formed, 
showing that the rate of bimolecular reaction between an amine and a chloroethylamine must 
be slow—this was to be expected in view of the very slow rate of replacement of the chlorine atom 
by iodine when the compound is heated with sodium iodide in dry acetone (another typical S,2 
type reaction; Part III). Again it has been pointed out above that the rate of reaction of 
6-naphthyl-2-chloroethylamine with aniline in aqueous acetone is no faster than the initial rate 
of ionisation of the halide. Lastly there is the fact that the rate of reaction of 8-naphthyldi-2- 
chloroethylamine with p-toluidine is practically independent of the concentration of primary 
amine. 

Ogston (Trans. Faraday Soc., 1948, 44, 45) has used a method for the determination of 
competition factors of substances which react with mustard gas in aqueous solution to give 
acidity. Briefly, the method consists in first allowing the halide to hydrolyse in the presence of 
an anion which reduces the amount of acidity developed and then allowing the hydrolysis to take 
place in the presence of the anion and the substance being examined; the increase in the amount 
of acidity developed is a measure of the reaction with the compound under test. It is not 
possible to obtain accurate values for the competition factors of amines by this method because 
of the increase in the rate of reaction of the halide when amines are added; the method of 
determining competition factors is based on the assumption that the halide is reacting at nearly 
the same rate throughout the experiment. Nevertheless this method can be used to assess the 
relative reactivity of a series of aromatic amines in competition with the acetate ion (Table III). 
The extent to which the amine reacts is proportional to its basicity, p-anisidine reacting more 
completely than p-chloroaniline. The percentage of chloride formed is a measure of the amount 
of arylhalogenoalkylamine reacting and it will be noted that more reacts in the presence of 
stronger bases—this is in agreement with the suggested mechanism for the activation of the 
second chlorine atom. 

When glycine, alanine, or phenylalanine is present in unbuffered solutions in which NN-di-2- 
chloroethyl-p-anisidine is hydrolysing no reaction with the amino-acid takes place and only the 
di(hydroxyethyl)amine can be isolated, but when the ethyl ester of glycine is present 
1-p-methoxyphenyl-4-carbethoxymethylpiperazine is formed. 


TABLE III. 


Reaction of ®-naphthyldi-2-chloroethylamine in 50% acetone solution containing sodium acetate 
and various amines. Concn. of halide, 0°0066m. Concn. of sodéum acetate, 0'02m. Concn. 
of amines, 0°02m. Temp., 37°. Time, 24 hours. 


Amine. ‘ ; Amine. H, %. Cl, %. 
p-Anisidine . . p-Naphthylamine ‘ 31-0 
p-Toluidine . . -Chloroaniline . 25-2 

ili Nil 
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TaBLe IV. 


Reaction of 8-naphthyldi-2-chloroethylamine in 50% acetone solution containing nitric acid 
and/or aniline. Concn. of halide, 0°0066mM. Temp., 37°. Time, 24 hours. 
Reagents added. H, %. Cl, %. Reagents added. H.% C€2,% 
21-5 0-02m-NH,Ph 35 36 
24-5 0-02M-HNO, and 0-02mM-NH,Ph 25-0 25-2 

It was shown in Part III and now confirmed, that when $-naphthyldi-2-chloroethylamine is 
hydrolysed in aqueous acetone containing a small amount of nitric acid there is a slight increase 
in the hydrolysis rate. If the solution is made 002m. with respect to aniline there is also an 
increase in the amount of halide reacting. If the solution contains aniline and nitric acid 
(002m. of each) no increase beyond that which would have been produced by the acid alone is 
observed (Table IV). This indicates that the carbonium ion derived from the halide does not 
react with the amine in the presence of acid. In other words, as would be expected, only the 
free amino-group can react whereas the ammonium cation (RNH,)* cannot. This is important, 
for many of the basic groups present in biological systems will be highly dissociated at physio- 
logical pH and the amino-groups in amino-acids will be unreactive because of internal salt 
formation. 

If the chromosome abnormalities induced by the di(chloroethyl)amines are due to a cross- 
linkage reaction (Goldacre, Loveless, and Ross, Nature, 1949, 163, 667) it would seem improbable, 
in view of what has been said above, that this involves interaction with primary amino-groups. 
Since it is also known that di(chloroethyl) sulphide, which resembles chloroethylamines in many 
of its reactions, combines but slowly with thiol groups under physiological conditions (Dixon and 
Needham, Nature, 1946, 158, 432), the centres most likely to react are ionised acidic groups 
(e.g., carboxyl groups of proteins or secondary phosphoryl groups of nucleic acids). 

The rate of liberation of hydrogen and chloride ions when $-naphthyldi-2-chloroethylamine 
is allowed to hydrolyse in the presence of methylaniline is shown in Table Va. It will be seen 
that the total rate of reaction of the halide is about the same as in the presence of aniline but 
that the amount of hydrogen ion produced is much less. The reason for this result becomes 
clear when the sequence of reactions which occurs in the presence of secondary amine is 
considered. 

TABLE V. 


Reactions of B-naphthyldi-2-chloroethylamine in 50% acetone solution containing (a) 0°02m-methyl- 
aniline and (b) 0°02m-dimethylaniline. Concn. of halide, 0°0066mM. Temp., 37°. 


(a). (b). 


A 





Time in % reacting 
hours. H, %. Cl,%. kg, hr. ka, hr.. . . , hr.7. with water. 
0-0109 0-0186 . 

0-0100 0-0171 

0-0091 0-0181 

0-0079 0-0163 


0-0056 0-0151 
0-0050 _— 


The early stages of the reaction (I) ——-> (II) —-—> (XII) are similar to those with a primary 
amine, but the carbonium ion (XIII) has been shown to react.in two ways, giving either the 
/CHyCHyNPhMe 

(1) => (II) + Cl- + NHPhMe —> R‘N 
\cuH,-CH,Cl 


(XII.) 


I 


H,CH Ph H,-CH,-NPhMe NHPhMe H,-CH,'NPhMe 
. “se ’ XAte enc “oo + Cl- ——> at alii 
CH,CH/ “CI \cH,CH,* \cH,-CH,'NPhMe 
(XIV.) (XIII) (XV.) 
(R _ C,H,) 


piperazinium chloride (XIV) by an internal quaternisation or (XV) by reacting with a further 
molecule of secondary amine. The isolation of NN-di-(2-N’-methylanilinoethy!l)-p-anisidine and 





2828 Ross: Aryl-2-halogenoalkylamines. Part IV. 


the picrate corresponding to 4-phenyl-1-p-methoxyphenyl-4-methylpiperazinium chloride from 
solutions in which NN-di-2-chloroethyl-p-anisidine is hydrolysing in the presence of methylaniline 
confirms the proposed series of reactions. Stage (a), (I) —-> (II) —> (XII), involves the 
formation of hydrogen and chlorine ions in equal amounts, as does stage (6), (XII) —» 
(XIII) —> (XV); but in stage (c), (XII) —> (XIII) —-> (XIV), no hydrogen ions are formed, 
The difference in the amounts of hydrogen and chloride ions formed is, in fact, a measure of 
the extent of reaction (c) in which quaternary nitrogen is produced. The figures in Table Va 
indicate that 34% of the total reaction involves the formation of quaternary nitrogen, that is, 
that 68% of the chloroethylamine is transformed into the piperazinium salt. The total amount 
of methylaniline reacting cannot be deduced from the hydrogen-ion values because some simple 
hydrolysis to di(hydroxyethyl)amine always occurs. The figures in Table Va indicate that the 
increase in the rate of ionisation of the second chlorine atom is about the same in the presence of 
methylaniline and of aniline. This is to be expected on the explanation given above since the 
two aromatic bases have similar pK, values (aniline, 4°58; methylaniline, 4°85). 

The possibility that (XIV) might be formed first and then reconverted into (XIII)—in the 
same way that the ethyleneimonium ion derived from aliphatic chloroethylamines can be 
reconverted into the halide—was considered. However, Table VIa shows that during the 
hydrolysis of NN-di-2-chloroethyl-p-anisidine in the presence of methylaniline there is no increase 
in the hydrogen-ion value after all the chloroethylamine has reacted, thus indicating that 
there is no reconversion of (XIV) into (XIII); for if this occurred the whole of the halide would 
eventually be transformed into (XV) and the hydrogen and chlorine titres would become identical. 

An attempt was made to prepare a piperazinium halide of type (XIV) by allowing methyl 
iodide to react with 1 : 4-diphenylpiperazine but no action took place after heating the reactants 
in benzene for 24 hours. No identifiable product was obtained by heating the piperazine in 
a sealed tube at 100° with methyl iodide, a method which has been described as giving the 
monomethiodide (Hofmann, Jahresber., 1858, 353). It was, however, possible to prepare 
1-p-methoxyphenyl-4 : 4-dimethylpiperazinium iodide (XVI) by two methods: (a) by the action 
of methyl iodide on 1-p-methoxyphenyl-4-methylpiperazine, and (b) by allowing NN-di-2-iodo- 
ethyl-p-anisidine to react with an aqueous acetone solution of dimethylamine. 

CH,’ Me, 
CH, On. - eee Mel C,H,0° wa *CH\ +7 Me NHMe, 
\cH, CH,” \cH, cH/ “a- 
(XVL.) 

The piperazinium iodide was heated in aqueous acetone solution with or without an excess;of 
aniline for 5 hours; no acidity developed and the unchanged halide was isolated from the 
solution. This again indicates that the quaternary salt is quite stable and no ring opening occurs. 

When £-naphthyldi-2-chloroethylamine is allowed to react in 50% acetone containing 
dimethylaniline, the initial rate of elimination of chloride ions is the same as in aqueous acetone 
alone but the rate slows up considerably towards the end of the reaction (Table Vb). The rate 
of liberation of hydrogen ions is very much reduced by the presence of the secondary amine. 
The sequence of reactions in this case is probably : 


C,H,O-N(CH,CH,]), 


NPhMe, 
®@ = aew~a- —> 


fos 


(III) + H+ 


Y RNC CH, +c 


(V) + CI- 
% 
+H,O in 





bg 


cl- 
(VII) + Ht Hy-CH,-NO } /Ph 
R: 4 oe + Ne RN(cHyCHy "a ) 
H,°CH,OH + Ht 
(XIX.) (XVIIL.) 
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The dihydroxyethyl derivative (VII) and the picrate of the double quaternary salt (XVIII) have 
been isolated from the products of this reaction. 

The intermediate (XVII) has a positively charged nitrogen atom on one ethyl side-chain and 
this will considerably reduce the rate of ionisation of the second chlorine atom. In the early 
stages of the reaction chloride ions are derived from the original dihalide, but later these ions 
come from (XVII) and hence their rate of production falls. That the presence of the quaternary 
nitrogen atom on one side chain of the compound does not completely suppress the ionisation of 
the second chlorine atom is shown by the fact that the amount of liberated chloride ion reaches 
71% of the calculated value in 275 hours in the case of 6-naphthyldi-2-chloroethylamine at 37° 
and practically 100% in 24 hours in the case of NN-di-2-chloroethyl-p-anisidine at 66° (Tables 
Vb and VIb). If the second chlorine atom did not ionise the value could never exceed 50%. 

The chloride-ion titres measure the rate of production of carbonium ion by all routes, and 
‘the hydrogen-ion titres measure the extent to which these carbonium ions react with water, so 
that an estimate can be made of the proportion of these ions that react with water. The 
percentage reaction with water at various stages of the process is shown in the final column of 
Tables Vand VI. The value rises in each case towards the end of the reaction; this is because 
the amount of dimethylaniline available for reaction gradually decreases owing to quaternary- 
salt formation with carbonium ions and to hydrochloride formation with the acid formed in the 
hydrolysis. It was considered possible that the carbonium ion (XVII) might not be able to 
react so readily with a second molecule of dimethylaniline for steric reasons and that this might 
account for the relatively higher proportion of the reaction with water. However, Table VIb 
shows that of the last 30% of the dihalide reacting approximately one-half forms quaternary salt, 
indicating that the ion (XVII) can still react with a tertiary amine. 


TABLE VI. 


Reaction of NN-di-2-chloroethyl-p-anisidine in 50% acetone solution containing (a) 
0°03m-methylaniline, (b) 0-03m-dimethylaniline. Concn. of halide,0‘OlmM. Temp. 66°. 


(). 








: % reacting 
H, %. Cl, %. with water. 


26-5 10-5 37-6 


30-5 78-5 39 
80 — — <a 
80 42-5 99-5 43 


No identifiable product other than the di(hydroxyethyl) derivatives was isolated when 
NN-di-2-chloroethyl-p-anisidine or $-naphthyldi-2-chloroethylamine was hydrolysed in the 
presence of phenol or thiophenol, but when sodium hydroxide equivalent to the phenol was 
added good yields of di-2-phenoxyethyl- and di-2-phenylthioethyl-amine were obtained. It would 
therefore appear that the carbonium ions derived from halogenoalkylamines will react with 
phenoxide ions and ionised thiol groups but not with the un-ionised forms. This is analogous 
to the reaction of the halides with carboxyl groups (compare the reactivity towards acetic acid 
and acetate ions, Part III). 


EXPERIMENTAL, 


Since it had been established that only a free amino-group would react with the carbonium ion 
derived from a halogenoalkylamine, most of the work described in the present paper deals with the 
reactions with aromatic amines which exist largely in the non-ionic form under the conditions chosen. 
There is also the added advantage that these amines are relatively weak bases and do not interfere with 
the volumetric determination of the hydrogen and chloride ions which are formed in the reactions. 

Reaction of B-Naphthyldi-2-chloroethylamine in 50% Acetone at 37°.—(a) In the presence of aniline 
(Table 1a), methylantline (Table Va), and dimethylaniline (Table Vb). B-Naphthyldi-2-chloroethylamine 
(1-072 g.) was dissolved in a mixture of AnalaR acetone (300 ml.) and water (300 ml.); aniline (1-11 g.), 
methylaniline (1-28 g.), or dimethylaniline (1-45 g.) was added and the mixture was rapidly heated to 
37° and transferred to a thermostat. At appropriate intervals, aliquots (100 ml.) were removed and 
titrated first with 0-1N-sodium hydroxide (phenolphthalein) and secondly with 0-1n-silver nitrate 
(dichlorofluorescein). The results were expressed as the percentage elimination of hydrogen and chloride 
ions based on the complete reaction of the halide. During the reaction with aniline and methylaniline 
the solution developed a brown colour but this was not so pronounced in the presence of dimethylaniline. 
After 24 hours crystals of the piperazine derivative separated from the mixture containing aniline. 

The reactions with B-naphthyl-2-chloroethylamine were carried out in a similar manner (Table Ib). 

(b) In the presence of varying amounts of p-toluidine. The conditions were exactly as above except 
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that in the first experiment (A) (Table II) 1-284 g. of p-toluidine were added, and in (B) 2-568 g. and (C) 
3-852 g. of amine were present. The solutions were titrated after 24 hours and in each case the piperazine 
derivative had crystallised out. In order to estimate the amount of piperazine formed parallel 
experiments were carried out and the cooled solutions were filtered. The crystals were washed with a 
little methanol and ether and then weighed. The yields of piperazine were (A) 69%, (B) 70%, and (C) 
72% (based on the amount of halide reacting). This method of isolation is only roughly quantitative 
so that these figures represent minimum yields showing that by far the greater amount of halide is 
converted into the piperazine. 

(c) In the presence of various amines and sodi tate. B-Naphthyldi-2-chloroethylamine (0-536 g.) 
was dissolved in acetone (150 ml.) and water (150 ml.) containing sodium acetate (0-816 g.). The 
required amount of amine was added, the reaction started as before, and after 24 hours the mixture was 
titrated in the usual manner (Table III). 

(d) In the presence of aniline and nitric acid. The reaction was carried out exactly as under (a) except 
that where required 120 ml. of 0-1N-nitric acid were added to the water before mixing (Table IV). 

Reaction of NN-Di-2-chloroethyl-p-anisidine in 50% Acetone at 66° in the Presence of Methylaniline 
(Table Via) and Dimethylaniline (Table V1b).—NN-Di-2-chloroethyl-p-anisidine (0-500 g.) was dissolved 
in 50% acetone (200 ml.), and methylaniline (0-64 g.) or dimethylaniline (0-73 g.) was added. The 
mixture was heated rapidly to the b. p. (66°). At appropriate intervals the mixture was rapidly cooled 
and 50-ml. samples were removed for titration, the remainder being quickly reheated. 

Various Reactions of NN-Di-2-chloroethyl-p-anisidine.—(a) Amino-acids in unbuffered solution. NN-Di- 
2-chloroethyl-p-anisidine (20 millimols.) and glycine, alanine, or phenylalanine (20 millimols.), dissolved 
in 1 1. of 50% acetone, were heated under reflux for 5 hours. After removal of the acetone under reduced 

ressure, the cooled mixture was extracted with ether—this extract contained a trace of resinous material. 

he aqueous solution was evaporated to a syrup, neutralised with sodium hydroxide, re-acidified with 
acetic acid, and then extracted with ether. This extract gave a solid which after crystallisation from 
benzene had m. p. 72—73°, undepressed by admixture with a specimen of NN-di-2-hydroxyethyl-f- 
anisidine, m. p. 73°. This was the only identifiable product in all three experiments. 

(b) Glycine ethyl ester. The chloroethylamine (1 g.) and glycine ester hydrochloride (2 g.) were 
dissolved in 50% acetone (200 ml.), and sufficient N-sodium hydroxide to render the mixture alkaline to 
phenolphthalein was added. After the mixture had been heated under reflux for 4 hours the acetone 
was removed and the mixture extracted with benzene. The dried extract was allowed to percolate 
through a column of activated alumina. The early eluates contained the piperazine derivative, which 
formed large plates, m. p. 41—42°, from light petroleum (b. p. 40—60°) (Found: C, 64-8; H, 8-0. 
C,3H,,0;N, requires C, 64-7; H, 8-0%). 

(c) p-Anisidine in dry acetone. The chloroethylamine (1 g.) and p-anisidine (1 g.) were dissolved in 
acetone (20 ml.) and heated by steam for 3 hours. No 1 : 4-di-p-methoxyphenylpiperazine, which is 
sparingly soluble in acetone, separated during this time and none could be isolated from the mixture. 

Isolation of the Products of the Reaction of NN-Di-2-chloroethyl-p-anisidine with Aniline, etc.—(a) 
Aniline. NN-Di-2-chloroethyl-p-anisidine (2-5 g.) and aniline (1-86 g.), dissolved in 50% acetone (500 
ml.), were heated under reflux for 5 hours. During this period crystals separated from the solution. 
After cooling, the piperazine was collected by filtration and crystallised from acetone forming large 
plates, m. p. 168° (Found: C, 76-0; H, 7-6. Calc. for Cj;H»ON,: C, 76-2; H, 7-5%). After removal 
of the acetone the solution was basified with sodium hydroxide, saturated with sodium chloride, and then 
extracted with ether. The extract contained a small amount of NN-di-2-hydroxyethyl-p-anisidine, 
m 





ay | oe 

(b) Methylaniline. The reaction was carried out as under (a) but using methylaniline (2-20 g.). 
The cooled solution deposited plates, m. p. 108—110°, which were collected, and the mother-liquor was 
evaporated to a syrup, an ether extract of which contained more of the di-N-methylanilinoethylamine, 
m. p. 108°. The combined material crystallised from light petroleum (b. p. 60—80°) as prisms (1-1 g.), 
m. p. 109—111° (Found: C, 77-3; H, 81. C,,H;,ON, requires C, 77-1; H, 8-0%). An excess of 
—- ammonia was added to the syrup, and the libérated methylaniline was extracted with ether. 
After the ether had been boiled off, a saturated aqueous solution of sodium picrate was added. The 
red gum which separated solidified on storage and when crystallised from methanol afforded orange-brown 
prismatic needles of the picrate, m. p. 155—156°, of the piperazinium salt (Found: C, 56-4; H, 4-9. 
C,,H,;0,N, requires C, 56-3; H, 5-0%). 

(c) Dimethylaniline. The reaction was carried out as before, but using methylaniline (2-42 g.). 
After addition of an excess of aqueous ammonia the mixture was steam-distilled to remove acetone and 
dimethylaniline. The residual solution was evaporated to a low bulk and extracted with benzene. This 
extract contained the di(hydroxyethyl) derivative, m. p. 70°. Addition of sodium picrate solution to 
the aqueous layer caused the separation of an orange gum which was repeatedly crystallised from ethyl 
acetate. After a final crystallisation from methanol the dipicrate formed large orange plates, m. p. 
140—141° (Found: C, 53-4; H, 4-8. C3,H,,0,,N, requires C, 53-5; H, 4-7%). 

Attempted Be pence of a Methiodide of 1 : 4-Diphenylpipéerazine—(a) 1 : 4-Diphenylpiperazine 
(1-0 g.) was heated under reflux for 24 hours in a solution of methyl iodide (0-25 g.) in benzene (7-5 ml.). 
The piperazine was recovered unchanged. 

(6) The piperazine (2 g.) was heated in a sealed tube for 3 hours at 100° with methyl iodide (10 ml.). 
The product was resinous. 

Preparation of 1-p-Methoxyphenyl-4-dimethylpiperazinium Iodide.—(a) 1-p-Methoxyphenyl-4-methyl- 
iperazine (Davis and Ross, following paper) (367 mg.) was warmed with a solution of methyl iodide 
0-11 ml.) in benzene (5 ml.). The crystalline precipitate was filtered off, washed with ether, and 

crystallised from methanol. The methiodide formed small plates, m. p. 219—220° [Found: C, 44-6; 
H, 6-1. C,;H,,ON,I requires C, 44-8; H, 6-1%. 4-0 MI. of 0-1N-silver nitrate were required to titrate 
the ionic iodine in 140 mg. of the methiodide (the titration was carried out in 50% acetone 
using di-iododimethylfluorescein as indicator). Calc.: 4-04 ml.]. 

(b) NN-Di-2-iodethyl-p-anisidine (Ross, this vol., p. 183) (200 mg.) was heated for } hour with a solution 
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of an excess of dimethylamine in 50% acetone (40 ml.). The mixture was then evaporated to dryness 
and the residue crystallised from methanol. Small plates of the methiodide, m. p. 219° [undepressed 
by admixture with a specimen prepared by method (a, were obtained. 

No acidity was protege pa when a solution of the methiodide (100 mg.) in 50% acetone (20 ml.) alone 
or containing an excess of aniline was heated under reflux for 5 hours. 

Reaction of NN-Di-2-chloroethyl-p-anisidine with Phenol or Thiophenol.—(a) Phenol. The chloro- 
ethylamine (2-5 g.), phenol (1-88 g.), and 50% acetone (150 ml.) containing sodium hydroxide (10 ml. ; 
2n.) were heated under reflux for 3 hours. The oil which separated solidified when the mixture cooled. 
It was crystallised from light petroleum (b. p. 40—60°), forming long flattened needles of the phenoxy- 
derivative, m. p. 59—60° (Found: C, 76-3; H, 6-9. C,,;H,,0O,N requires C, 76-0; H, 6-9%). imilarly 
p-naphthyldi-2-chloroethylamine yielded a phenoxy-compound which formed a deep-purple picrate, 
m. p. 127° (Found : C, 63-4; H, 4-4. Cs,H,,O,N, requires C, 63-7; H, 4-7%). 

(b) Thiophenol. NN-Di-2-chloroethyl-p-anisidine (1-25 g.), thiophenol (0-9 g.), and 50% acetone 
(150 ml.) containing sodium hydroxide (5 ml.; 2N.) were heated under reflux for 2 hours. The product 
which separated on cooling was crystallised from light petroleum (b. p. 60—80°) forming small prisms, 
m. p. 77—78° (Found: C, 69-9; H, 6-5. C,;H,,ONS, requires C, 69-9; H, 6-4%). 
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595. Aryl-2-halogenoalkylamines. Part V. The Preparation of 1 : 4-Di- 
substituted Piperazines by the Reaction of Di-2-halogenoalkylamines 
with Primary Amines. 


By W. Davis and W. C. J. Ross. 


1 : 4-Disubstituted piperazines are conveniently prepared by the reaction of di-2-halogeno- 
alkylamines with primary amines in aqueous acetone solution. A number of unsymmetrically 
1 : 4-disubstituted piperazines has been prepared from NN-di-2-chloroethyl-p-anisidine and 
B-naphthyldi-2-chloroethylamine. 


A NUMBER of methods are available for the preparation of symmetrically 1 : 4-disubstituted 
piperazines: e.g., (a2) Hofmann (Jahresber., 1858, 352; 1859, 387) prepared 1 : 4-diethyl- and 
1: 4-diphenyl-piperazine by the interaction of 1:2-dibromoethane with ethylamine and 
aniline respectively; (b) Hofmann (loc. cit.) also prepared the diethyl derivative by the direct 
alkylation of piperazine with ethyl iodide; and (c) Thorpe and Wood (/J., 1913, 103, 1608) 
obtained 1: 4-diphenylpiperazine by the action of 1: 2-dibromoethane on 1 : 2-bismethy]l- 
anilinoethane. 

Unsymmetrically substituted dialkylpiperazines have been obtained by the successive 
alkylation of piperazine with different halides. The monosubstituted piperazines required by 
this method are not always easy to obtain but satisfactory experimental procedures have been 
worked out in a number of cases (Baltzly, Buck, Lorz, and Schon, J. Amer. Chem. Soc., 1944, 66, 
263; Wellcome Foundation Ltd., B.P. 578,342). This method cannot be used to prepare aryl- 
substituted piperazines. 

1-Phenyl-4-alkylpiperazines have been prepared by Prelog and Stephan (Coll. Czech. Chem. 
Comm., 1935, 7, 93) by the prolonged heating of alkyldi-2-chloroethylamines, or preferably 
-2-bromoethylamines, with aniline in alcoholic solution. _Cerkovnikov and Stern (Archiv Kemi, 
1946, 18, 12) obtained 4-phenyl-1-p-methoxyphenyl- and -1-p-diethylaminophenyl-piperazine 
by heating NN-di-2-bromoethylaniline with p-anisidine and NN-diethyl-p-phenylenediamine 
respectively in sealed tubes at 130°. 

The study of the reactions of aryldi-2-halogenoalkylamines with primary amines in aqueous 
solutions (Ross, preceding paper) suggested that 1 : 4-disubstituted piperazines could be obtained 
by use of conditions much milder than those employed by Cerkovnikov and Stern (loc. cit.). 
Accordingly N N-di-2-chloroethyl-p-anisidine and 8-naphthyldi-2-chloroethylamine were allowed 
to react in 50% acetone solution with a variety of arylamines and in each case the piperazine 
derivative was readily obtained. In each instance where a known compound was prepared a purer 
product of higher melting point resulted by the present method. The procedure can also be 
applied to the preparation of l-aryl-4-alkyl-substituted piperazines. The yields of the piperazine 
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derivatives varied between 40% and 70%, generally being higher with the more basic amines, 
A list of the compounds prepared in the present work is given in the table. 

1-Aryl-4-alkylpiperazines form stable mono- and di-picrates, but the diaryl derivatives 
form picrates which have a marked tendency to dissociate on recrystallisation and it is not 
always possible to purify them. Monomethiodides are readily obtained by the action of methyl 
iodide on l-aryl-4-alkylpiperazines, the nitrogen atom carrying the alkyl group being involved 
(compare the preceding paper), whilst the diaryl derivatives do not react under mild conditions, 

When an attempt was made to prepare 1-p-methoxyphenylpiperazine by allowing NN-di- 
2-chloroethyl-p-anisidine to react with an aqueous acetone solution of ammonia, the main 
product of the reaction was N’N”-di-p-methoxyphenyl-N-spirodipiperazinium chloride (I; 
R = MeO°C,H,), the monosubstituted piperazine which is first formed reacting with a second 
molecule of chloroethylamine. Similarly $-naphthyldi-2-chloroethylamine affords N’N”’-di- 
8-naphthyl-N-spirodipiperazinium chloride (I; R = CyH,). 


cl- 
Joy CHa JCA CHa 
\cuH, CH,” + \CHyCH,” recap 


The two isomers of $-naphthyldi-2-chloropropylamine (Everett and Ross, this vol., p. 1972) 
react with p-anisidine to give stereoisomeric 1-p-methoxyphenyl-4-B-naphthyl-2 : 6-dimethyl- 
piperazines. The configuration of the chloropropylamines has not yet been established but 
the meso-form would be expected to give the cis-isomer of the piperazine. 

Prelog and Stephan (loc. cit.) found that better yields of piperazine were obtained, by their 
procedure, with bromo- than with chloro-ethylamines. This is to be expected since the method, 
using a non-aqueous medium, relies on a bimolecular (Sy2) type of reaction and it is known that 
in these circumstances bromo-compounds are the more reactive (compare the difference in the 
ease of replacement of the halogen by iodine when sodium iodide in dry acetone solution is 
used; Part III). The method now described relies on an Syl type of reaction (see preceding 
paper) and chloroalkylamines, which are more readily obtained in good yields (Parts I and II), 
can be employed. Since the reaction proceeds at a rate proportional to the rate of ionisation 
of the halide, shorter times of reaction are required if bromo- or iodo-alkylamines are used, but 
as the conditions are very mild the final yields of piperazines are not lowered if the more slowly 
reacting chloroalkylamines are used. 


R—N 


EXPERIMENTAL, 


Preparation of 1 : 4-Diarylpiperazines.—(a) NN-Di-2-chloroethyl-p-anisidine (1 g., 4 millimols.) and 
the arylamine (12 millimols.) dissolved in 50% acetone (200 ml.) were heated under reflux for 2 hours. 
In most cases crystals of the piperazine derivative separated from the hot solution during this period. 
After removal of the acetone, the cooled mixture was filtered and the product was crystallised from ace- 
tone or methanol. A further small quantity of piperazine could be obtained by basifying the original 
aqueous mother-liquor, extracting it with benzene, and then passing the dried extract through a column 
of activated alumina. Early eluates contained the piperazine, any unreacted amine being more strongly 
adsorbed. The yield of piperazine from p-toluidine was 65%, and from p-anisidine 75%. 

(b) B-Naphthyldi-2-chloroethylamine (1-07 g., 4 millimols.) and the arylamine (12 millimols.) dissolved 
in 50% acetone (400 ml.) were heated under reflux for 6 hours, and the products were isolated exactly as 
above. The yields of piperazine were as follows: from aniline, 41% (after 6 or 24 hours); from p- 
toluidine, 58%; and from p-anisidine, 63%. 

Preparation of 1-Aryl-4-alkylpiperazines.—The conditions were exactly as above, but with use of 
alkylamines; however, in these cases, since no piperazine separated during either the heating or the 
subsequent cooling, the acetone was removed by distillation and the mixture was treated with an excess 
of aqueous sodium hydroxide. The solution was saturated with sodium chloride and then extracted 
with benzene. The dried extract was allowed to percolate through a column of alumina and the piper- 
azine derivative, which was recovered from the early eluates, was crystallised from light petroleum. 
Ethylenediamine reacted in a manner similar to that of monoamines, the products being di(arylpiper- 
azino)ethanes. 

Formation of Monomethiodides of 1-Aryl-4-alkylpiperazines.—The piperazine (1 millimol.) and methyl 
iodide (2 millimols.) dissolved in benzene (10 ml.) were heated on a steam-bath for 10 minutes. The 
crystalline solid which separated was filtered off, washed with ether, and crystallised from methanol. 
Under these conditions the diarylpiperazines did not react. 

Reaction of NN-Di-2-chloroethyl-p-anisidine and B-Naphthyldi-2-chloroethylamine with Ammonia.— 
A solution of NN-di-2-chloroethyl-p-anisidine (3 g.) in 50% acetone (200 ml.) was heated under reflux 
for 2 hours while a solution of aqueous ammonia (d 0-88; 15 ml.) was gradually added. After the 
removal of the acetone the solution was saturated with sodium chloride. The crystalline precipitate 
which formed was collected and recrystallised from ethanol. Sword-shaped needles of at 
methoxyphenyl-N-spirodipiperazinium chloride, m. p. 280—285° (decomp.), were obtained (Found: 
C, 65-4; H, 7-4. C,,H,,0,N,Cl requires C, 65-4; H, 75%. 10-6 Ml. of 0-1n-silver nitrate were 
required to titrate the ionic chlorine in 428 mg. of the halide; calc., 10-6 ml.). 


%. 


Found, 
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N’N”-Di-B-naphthyl-N-spiropiperazinium chloride was isolated from an experiment in which £- 
naphthyldi-2-chloroethylamine (1-0 g.) dissolved in 50% acetone (400 ml.) was heated under reflux for 
6 hours with the gradual addition of aqueous ammonia (15 ml.). The halide formed broad, flattened 
needles, m. p. 305° (decomp.), when crystallised from ethanol (Found: C, 75-4; H, 7-1. C,,H,,N,Cl 
requires C, 75-7; H, 6-8%. 5-9 MI. of 0-1n-silver nitrate were required to titrate the ionic chlorine in 
261 mg. of the halide; calc., 5-9 ml.). 

1-p-Methoxyphenyl-4-B-naphthyl-2 : 6-dimethylpiperazines.—B-Naphthyldi-2-chloropropylamine (1-5 g, 
of the isomer, m. p. 102°, or of the isomer, m. p. 82°) and p-anisidine (5 g.) dissolved in 50% acetone (100 
ml.) were heated under reflux for 1 hour. It is necessary to employ a much higher concentration of 
arylamine than is used for the chloroethylamines in order to obtain a reasonable yield of piperazine 
since the chloropropylamine has more tendency to undergo simple hydrolysis than to react with the 
amine if the amine concentration is low (compare the lower competition factor of anions towards 2- 
chloropropylamines discussed in Part II). The piperazine derivatives were isolated in the usual way 
after removal of most of the excess of anisidine by a steam-distillation. The derivative from the high- 
melting isomer formed plates (from acetone—methanol), m. p. 141°, which dissolved in acetone to give a 
solution which exhibited a blue fluorescence in daylight (Found: 79-9; H, 7-8. C,3;H,,ON, requires 
C, 79-7; H, 7-6%). The compound obtained from the low-melting isomer was more difficult to purify 
and even after several crystallisations from methanol formed plates of somewhat indefinite m. p., ranging 
from 127° to 131° (Found: C, 80-3; H, 7-8%). 


This investigation has been supported by generous grants made to the Royal Cancer Hospital by the 
British Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund for Medical Research, the Anna 
Fuller Fund, and the Division of Research Grants of the U.S. Public Health Service, and was carried out 
during the tenure by one of the authors (W. C. J..R.) of a Sir Halley Stewart Fellowship. The authors 
thank Professor G. A. R. Kon, F.R.S., for his interest in this work and Miss K. Chilton for carrying out 
the semimicro-analyses. 
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596. 2: 4-Dimethylresorcinol. 
By Wi son Baker, H. F. Bonpy, J. F. W. McOmiz, and H. R. TUNNICLIFF. 


2 : 4-Dimethylresorcinol has been isolated from the ammoniacal liquors from the distillation 
of coal, and has been synthesised from 4-formy]-2-methylresorcinol. 


A PHENOLIC product, C,H,,O,, m. p. 110°, was isolated as described in the Experimental 
section from the ammoniacal liquors obtained during the low-temperature carbonisation of 
bituminous coal by the “‘ Coalite ” process. 

The compound gave a weak but definite fluorescein reaction, and, under closely defined 
conditions, a transient bluish colour with ferric chloride. Titration’ with bromine in acetic 
acid was instantaneous and ceased when one molecule of the phenol had reacted with one 
molecule of bromine with liberation of hydrogen bromide. The only dihydric phenols, 
C,H,,0,, which could show this behaviour are 2: 4- and 4: 6-dimethylresorcinol; the latter 
is known and has m. p. 125°. The phenol now isolated is, therefore, 2 ; 4-dimethylresorcinol, 
which according to Asahina and Nonomura (J. Pharm. Soc. Japan, 1934, 54, 488) has m. p. 
112°, contrary to earlier erroneous claims. This conclusion was confirmed by a direct 
comparison of the material isolated from the ammoniacal liquor with the synthetical phenol 
prepared (a) by the catalytic reduction of resorcinol-2 : 4-dialdehyde (Asahina and Nonomura, 
loc. cit.; Hassall and Todd, J., 1947, 611), and (6) by the Clemmensen reduction of 4-formyl- 
2-methylresorcinol. 

Hassall and Todd (loc. cit.) have reported a 94% yield of 2: 4-dimethylresorcinol by 
reduction of resorcinol-2 : 4-dialdehyde with hydrogen in presence of palladium oxide. In 
our hands this catalyst yielded a product crystallising in yellow needles, m. p. 130—135°, 
which was not further examined, and the success of the operation appears to be very sensitive 
to the method of preparation of the catalyst. In a small-scale experiment palladium-black 
was found to be moderately satisfactory, but owing to the inaccessibility of resorcinol-2 : 4- 
dialdehyde the method is not suitable for the preparation of 2: 4-dimethylresorcinol in 
quantity. 2-Methylresorcinol is now available from the “‘ Coalite ”’ process (see below), and 
its formylation to 4-formyl-2-methylresorcinol, followed by Clemmensen or catalytic reduction, 
affords the most practical method for the synthesis of 2 : 4-dimethylresorcinol. 

Reference books wrongly give the melting-point of 2: 4-dimethylresorcinol as ca. 148°. 
Wischin (Ber., 1890, 28, 3113; cf. Pfannenstill, J. pr. Chem., 1892, 46, 153) disulphonated 
m-xylene and by alkali fusion of the acid chloride obtained a phenol, m. p. 146° (149—150°) (not 
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analysed), which was assumed to be 2: 4-dimethylresorcinol. The same compound (also not 
analysed) appears to have been prepared by the alkaline fusion of 5-iodo-2 : 4-dimethyl- 
benzenesulphonic acid (Bauch, Ber., 1890, 23, 3119), but it was finally shown by Asahina and 
Nonomura to be 2-hydroxy-5-methylbenzoic acid. They prepared genuine 2 : 4-dimethyl- 
resorcinol from resorcinol-2 : 4-dialdehyde which had been orientated by Baker, Kirby, and 
Montgomery (J., 1932, 2876). . 


EXPERIMENTAL. 


Tsolation of 2 : 4-Dimethylresorcinol_—The ammoniacal liquor from the low-temperature carbonisation 
process was exhaustively extracted with butyl acetate and, after removal of the solvent by distillation, 
the residue was fractionated under diminished pressure to remove monohydric phenols boiling below 
240°/760 mm. The residual dihydric phenols were further fractionated to give a fraction, b. p 
125—130°/4 mm., from which 2-methylresorcinol was separated by crystallisation from toluene. 
Careful fractionation of the resulting mother-liquors gave a cut with a boiling range of 117—118°/2 mm. 
(270—271°/760 mm.), which slowly solidified. Finally, after 3 crystallisations from toluene containing 
10% of butyl acetate, the product was obtained as colourless needles, m. p. 110° (Found: C, 69-5; 
H, 7:3. Calc. for C,H,,O,: C, 69-6; H, 7-3%). 

4-Formyl-2-methylresorcinol.—This aldehyde was previously prepared on a small scale in unstated 
yield by Jones and Robertson (J., 1932, 1691), who record m. p. 150° after sintering at 147°. 

A mixture of 2-methylresorcinol (20 g.), anhydrous zinc cyanide (40 g.), and anhydrous ether 
(180 c.c.) was vigorously agitated (mercury-sealed stirrer) and a rapid stream of hydrogen chloride 
passed in for 1} hours. The ether was then decanted from the aldimine hydrochloride which, after 
being washed twice with ether, was dissolved in water (250 c.c.), and the solution was heated for 1 hour 
on a water-bath. More water (600 c.c.), alcohol (100 c.c.), and charcoal were then added, the solution 
was filtered hot, and the crystals were collected, after being kept overnight, and dried (19-5 g., 79%). 
These melted at 152—153° after softening at 150°. By saturation of the mother-liquor with salt and 
extraction with ether (3 x 200 c.c.) a further amount of the aldehyde (0-5 g.; m. p. 144—148°) was 
obtained. 

2 : 4-Dimethylresorcinol_—Granulated zinc (20 g.) was washed 3 times with warm dilute hydro- 
chloric acid (see Robinson and Shah, J., 1934, 1497) and then amalgamated. A mixture of the zinc 
amalgam, ethanol (12 c.c.), and 10% hydrochloric acid (40 c.c.) was heated on a water-bath, and the 
above aldehyde (2-0 g.) added in portions during # hour. After a further 2 hours’ heating, concentrated 
hydrochloric acid (8 c.c.) was added and heating continued for 2 hours. The separated solution was 
then saturated with salt and extracted with ether (4 x 100 c.c.). The extracts yielded a brown oil, 
which partly crystallised on seeding, and this was extracted with boiling light petroleum (b. p. 
60—80°) (4 x 50 c.c.). The combined extracts yielded white needles (0-83 g.), m. p. 108—109°. 
Repetition of this extraction gave 2 further crops of the phenol (0-32 g., m. p. 104—105°; and 0-14 g., 
m. p. 102—105°). 

Part of the first crop was recrystallised 3 times from light petroleum, giving white needles, m. p. 
110—110-5°, alone or mixed with a sample of the material from coal tar (Found: C, 69-5; H, 7-1%). 
The identity of the two samples was confirmed by the similarity of their X-ray powder photographs 
kindly taken by Dr. T. Malkin, and by the identity of their characteristic reaction with ferric chloride 
which is best exhibited as follows. The phenol (10 mg.) is dissolved in water (1 c.c.) and a drop of dilute 
aqueous ferric chloride added. A deep slate-blue colour is produced which fades through green to 
yellow in a few seconds, and a yellow flocculent precipitate then more slowly separates. The formation 
of this yellow solid is doubtless caused initially by oxidative coupling of the phenolic nuclei. 

Titration of 2: 4-dimethylresorcinol in acetic acid with a solution of bromine in acetic acid was 
complete when 1 mol. of bromine had reacted, and evaporation of the solution at room temperature 
left a solid residue which crystallised with difficulty from warm light petroleum (b. p. 60—80°) in slightly 
coloured, flat prisms, m. p. ca. 104°. This comened probably 6-bromo-2 : 4-dimethylresorcinol, is 
rather unstable and consequently difficult to purify; it becomes brown when kept. 

7-Hydroxy-4 : 6 : 8-trimethylcoumarin.—Ethyl acetoacetate (0-3 c.c.) was added to an ice-cooled 
solution of 2: 4-dimethylresorcinol (0-23 g.) in concentrated sulphuric acid (2 c.c.), and the mixture 
kept at 0° for 24 hours. After dilution with water and cooling to 0° the yellow precipitate was collected, 
washed, dried (0-30 g., 88%), and crystallised twice from dilute ethanol, giving 7-hydroxy-4 : 6: 8- 
trimethylcoumarin as colourless needles, m. p. 220—-221° (Found: C, 70-2; H, 6-1. C, .H,,O, requires 
C, 70-6; H, 5-9%). Solutions of the coumarin in dilute alkali, alcohol, or concentrated sulphuric acid 
show an intense blue fluorescence. 
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597. Deoxy-sugars. Part VI. The Constitution of 6-Methyl-2-deoxy- 
L-ribopyranoside and of «$-Methyl-2-deoxy-.-ribofuranoside. 
By R. E. Dertiaz, W. G. OVEREND, M. Stacey, and L. F. Wiccrns. 


The synthesis and proof of structure of {-methyl-2-deoxy-t-ribopyranoside and of 
af-methyl-2-deoxy-L-ribofuranoside are described. 


In Part V (this vol., p. 1879) we described a reinvestigation and improvement of the glycal method 
of preparing 2-deoxy-p-ribose from pD-arabinal, and the preparation of several derivatives suitable 
for characterising the deoxy-sugar. In continuation of our study of 2-deoxyribose, we examined 
the methylglycopyranoside and methylglycofuranoside derivatives. We have prepared 
methyl-2-deoxyribo-pyranoside and -furanoside and established their structures. 

According to the Fischer method (Ber., 1893, 26, 2400; 1895, 28, 1145) of preparing the 
methyl glycosides, 2-deoxy-L-ribose was heated with 0°5% methanolic hydrogen chloride, 
Polarimetric observations indicated that, even after 17 hours, either the formation of the 
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equilibrium mixture of 2-deoxy-«- and -8-methylriboside had not been completed, or degradation 
of the equilibrium mixture to optically inactive products was occurring during the long period 
of heating. The treatment of 2-deoxy-L-ribose with methanolic hydrogen chloride was there- 
fore repeated under milder conditions (1% methanolic hydrogen chloride at 20°). Polarimetric 
observations indicated that after 18 hours equilibrium was reached. Neutralisation of the acid 
and removal of the solvent gave a syrup which crystallised spontaneously and was separated by 
fractional crystallisation and chromatography into pure B- (I) and «-methyl-2-deoxyribopyranoside 
(II). (The reasons for assigning the pyranose structure to these compounds are given below.) 
Both glycosides were extremely soluble in water and common organic solvents except ether, 
benzene, and light petroleum. 

When 2-deoxy-t-ribose was treated at 20° for only 12 minutes with methy] alcohol containing 
a lower concentration (0°1%) of hydrogen chloride, syrupy «-methyl-2-deoxy-L-ribofuranoside 
(III) was obtained. «$-Methyl-2-deoxy-p-ribofuranoside was prepared similarly. 

The structures of the glycosides were established by studying the action of lead tetra-acetate, 
which oxidises hydroxyl groups on contiguous carbon atoms. From the formule of 2-deoxy- 
methylribopyranoside (I) or (II) and of methyl-2-deoxyribofuranoside (III), it is apparent that 
the former should readily reduce 1 mole of lead tetra-acetate, whereas the latter will be 
unaffected. This was borne out in practice with the «- and $-methyl-2-deoxy-t-ribosides (I) 
and (II) and «$-methyl-2-deoxy-t-riboside (III) described above (see Fig. 1). Thus the first 
pair of glycosides has the pyranose structure, and the a$-glycoside has a furanose structure. 
These results were confirmed by conversion of L-arabinal (which has been proved to have a 
pyranose structure) by methanolic hydrogen chloride into 6-methyl-2-deoxy-L-ribopyranoside, 
identical with that already described. That the two methyl-2-deoxyribopyranosides have been 
correctly designated as a- and 8-forms is based on the following arguments. 

The specific rotation ([«]p + 210°) of the methyl-2-deoxy-L-ribopyranoside (m. p. 83—84°) 
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in methanol (see Experimental section) was greater in the positive direction than the specific 
rotation (+ 93°) of the syrupy «$-methyl-2-deoxy-L-ribopyranoside in methanol. Consequently, 
the glycoside, m. p. 83—-84°, was designated 8- in accordance with the well-known convention 
(Hudson, J. Amer. Chem. Soc., 1909, 81, 66). The other crystalline methyl-2-deoxy-t-ribo- 
pyranoside must be the a-isomer, as shown by the specific rotation ([«]p — 70°) in methanol. 
The a-8 relationship of the two methyl-2-deoxyribopyranosides is evident from a consider- 
ation of the difference in molecular rotations. The molecular rotations of the a- and $-forms 
((M], and [M]g respectively) of the methylglycopyranosides of L-arabinose, 2-deoxy-1-ribose, 
p-glucose, and 2-deoxy-D-glucose are compared in Table I. There is good agreement between 


TABLE I. 
Methylglycopyran- . _ (ep in 
osides of Isomer. M. p. water. [MM]. [M].—[M]g. Reference. 
t-Arabinose a 131° + 17-3° 2,840° } —37,420° Hudson, J. Amer. Chem. 
A B 169 +245°5 40,260 . Soc., 1925, 47, 270. 
2-Deoxy-L-ribose 99—100 — 43-4 — 6,420 } —36,360 
¢ 83— 84 +202-3 29,940 e 
p-Glucose 168 +158-9 30,830 } 437,030 Riiber, Ber., 1924, 657, 
e 110 — 31:97 — 6,200 . Heed gy egal = 
obertson, - 5 
300. — 
2-Deoxy-D-glucose a 91— 92 +138 +24,600 Bergmann e al., er., 
n B 122193 ~ 482 — 8'580 } +33,180 1922, 55, B, 158; 1921, 
, B, 440. 


the difference in the molecular rotations of the respective a- and ®-forms of methyl-2-deoxy-L- 
ribopyranoside and of methyl-L-arabopyranoside. 


2-Deoxy-L-ribose 


%MeOH-HCl 
0-1%MeOH-HCl 





H 


e- 


(IX.) 


The a-8 relation of the two new methyl-2-deoxy-.-ribopyranosides was further confirmed by 
the observations which were made (polarimetrically) that 1% methanolic hydrogen chloride 


separately converts each glycoside into the «-8 mixture from which they were initially isolated. 
8x 
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Proof of the ring structure of the sugar glycosides was then sought by the classical methods 
of carbohydrate chemistry, involving methylation of the glycoside, hydrolysis of the fully 
methylated derivative, oxidation of the products to methylated lactones, study of the rates of 
hydrolysis of the methylated lactones in water, etc. (Carter, Robinson, and Haworth, /., 1930, 
2125). Methylation of B-methyl-2-deoxy-L-ribopyranoside with silver oxide and methyl iodide 
was achieved only with difficulty, being incomplete after eight treatments. Consequently, the 
glycoside was methylated by the use of the liquid-ammonia technique (Muskat, J. Amer. Chem, 
Soc., 1934, 56, 693, 2449; Freudenberg and Boppel, Ber., 1938, 71, 2505). Smooth methylation 
then occurred and 3: 4-dimethyl 8-methyl-2-deoxy-L-ribopyranoside (IV) was obtained as a 
colourless syrup. This compound was stable in 0-01N-hydrochloric acid at room temperature, 
but when it was heated at 100° for 0°25 hour the glycosidic group was completely removed and 
3 : 4-dimethyl 2-deoxy-L-ribopyranose (V) was obtained as a colourless syrup. Oxidation of this 
methylated sugar with bromine in water afforded syrupy 3 : 4-dimethyl 2-deoxy-L-ribonolactone 
(VI), which with phenylhvdrazine in ether gave a crystalline phenylhydrazide. 


Fie, 2. 
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(i) 3: 4-Dimethyl-2-deoxy-L-ribono-8-lactone. (ii) 3 : 5-Dimethyl-2-deoxy-L-ribono-y-lactone. 


A similar series of reactions was carried out on «f-methyl-2-deoxy-t-ribofuranoside (III). 
Methylation in liquid ammonia with sodium and methyl iodide gave 3: 5-dimethyl «B-methyl- 
2-deoxy-L-ribofuranoside (VII), although greater difficulty was experienced than in the case 
of the pyranose isomer. Hydrolysis of the glycosidic group by 0-01 N-hydrochloric acid at 100° 
yielded 3: 5-dimethyl 2-deoxy-L-ribofuranose (VIII) as a colourless liquid. Oxidation of this 
in the normal way with bromine water gave 3: 5-dimethyl 2-deoxy-L-ribonolactone (IX). The 
rates of hydrolysis of the lactones (VI) and (IX) were measured polarimetrically at room 
temperature. The hydrolysis of 3: 4-dimethyl 2-deoxy-L-ribonolactone (VI) was complete in 
approximately 96 hours, whereas 3: 5-dimethyl 2-deoxy-L-ribonolactone (IX) was hydrolysed 
exceedingly slowly (see Fig. 2), showing that the original glycosides (I) and (III), from which they 
were derived, must have had the pyranoside and furanoside structure, respectively. 

The complementary reaction of the rate of lactonization of 8- and y-hydroxy-aldonic acids 
does not appear to have been as closely studied as the rate of hydrolysis of the lactones. From 
the information available concerning various methylated aldonic acids, 8- and y-hydroxy- 
aldonic acids are not sharply divisible into two classes on this basis. In the cases of 2:3: 4- 
trimethyl t-arabonic acid (Drew, Goodyear, and Haworth, J., 1927, 1237) and 2: 3: 5-trimethyl 
L-arabonic acid (Pryde and Humphreys, /J., 1927, 559) lactonization is complete in 48 and 24 
hours, respectively; 2:3:4:6-tetramethyl p-gluconic acid (Drew ef al., loc. cit.) and 
2:3: 5: 6-tetramethyl p-gluconic acid (Joc. cit.) require 6 and 4 days, respectively. 

In contrast, the work of Isbell (J. Res. Nat. Bur. Stand., 1942, 28, 95) may be quoted which 
was concerned with the changes that occur when D-gluconic acid is dissolved in water. The 
interpretation which he gives to his experiments is that initially 3- and y-lactones are formed 
simultaneously, but that the 8-lactone is produced more rapidly and reaches a maximum con- 
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centration in 4—5 hours, after which its concentration decreases as the aldonic acid is slowly 
converted into y-lactone. We studied the rate of lactonization of 3: 4- and 3: 5-dimethyl 
Q-deoxy-L-ribonic acid (see Experimental section). The lactonization of 3: 4-dimethyl 
Q-deoxy-L-ribonic acid ({a]}® + 3°5°-—>» 9°6°) was complete in 2°5 days, but that of 
3: 5-dimethyl 2-deoxy-t-ribonic acid ({«]? — 1-32° —» — 20°) was not complete after 22 days. 
The behaviour of the two acids is thus very dissimilar but, because of the conflicting evidence 
recorded above, the results in themselves cannot be made the basis of allocation of the two 
methylated deoxyribonolactones to the 3- and y-class of lactones. 


EXPERIMENTAL, 


a- and B-Methyl-2-deoxy-L-ribopyranoside.—2-Deoxy-L-ribose (3-27 g.) was dissolved in 1% methanolic 
hydrogen chloride solution (60 c.c.) at room temperature. After 18 hours the solution {{a]?? + 103° 
(calculated in terms of the weight of 2-deoxy-L-ribose) ; [a]? + 93-2° (corrected value)} was neutralised 
with silver carbonate and filtered, and the solvent removed from the filtrate by evaporation in vacuo at 
40°. Spontaneous crystallisation of the resulting syrup gave a solid (1-5 g.; m. p. 66—70°) which was 
purified by recrystallisation from ether or benzene (0-9 g.; m. p. 18—82°). Repeated recrystallisation 
of a small portion of this solid gave pure B-methyl-2-deoxy-L-ribopyranoside, m. p. 83—84°, [a]? + 202-3° 
{6 0-88 in water), +210° (c, 0-78 in methanol), +193° (c, 0-64 in chloroform) (Found: C, 48-5; H, 8-2. 

¢H,,0, requires C, 48-6; H, 8-1%). 

Concentration of the mother-liquors from the crude f-methyl-2-deoxy-t-ribopyranoside yielded 
further crystalline material (0-5 g., m. p. 68—75°), which was dissolved in 1:1 (vol.) benzene— 
chloroform (40 c.c.) and run on a 15-cm. alumina column wetted with the same solvent mixture. Elution 
with 3: 1 (vol.) benzene-chloroform gave a crude a-methyl-pyranoside (0-14 g.) in the first fractions, which 
after repeated recrystallisation from benzene gave pure a-methyl-2-deoxy-L-ribopyranoside, m. p. 99—100°, 
[a]? — 43-4° (c, 0-97 in water), —70° (c, 0-80 in methanol), —176° (c, 0-81 in chloroform) (Found: C, 48-6; 
H, 8-1. C,H,,0, requires C, 48-6; H, 8-1%). 

Oxidation of a- and B-Methyl-2-deoxy-L-ribopyranoside with Lead Tetra-acetate.—B-Methyl-2-deoxy-t- 
ribopyranoside (0-0259 g.) was dissolved in glacial acetic acid (50 c.c.) containing excess of lead tetra- 
acetate (0-69 g.). One mol. of B-methyl-2-deoxy-L-ribopyranoside consumed lead tetra-acetate in the 
following way : 


Time (hours) : 0-175 0-55 1-238 3-117 4-667 5-667 
Mol. consumed 0-165 0-538 0-847 0-97 1-01 1-05 


Similarly, B-methyl-2-deoxy-L-ribopyranoside (0-0299 g.) was dissolved in glacial acetic acid (50 c.c.) 
containing excess of lead tetra-acetate (0-69 g.). One mol. of this pyranoside consumed lead tetra- 
acetate as follows : 


Time (hours) 0-067 0-596 1-266 2-626 3-90 
Mol. consumed 0-0536 0-910 0-983 1-00 1-00 


Treatment of L-Arabinal with Methanolic Hydrogen Chloride.—t-Arabinal (2 g.) was dissolved in 1% 
methanolic hydrogen chloride at room temperature. After 2—3 days the solution was neutralized with 
silver carbonate and filtered. Evaporation of the solvent from the filtrate gave a syrup. This was 
dissolved in benzene (20 c.c.) and then adsorbed on an aluminacolumn. Elution of the column with a 
large amount of benzene gave B-methyl-2-deoxy-L-ribopyranoside (0-2 g.), m. p. alone or in admixture with 
an authentic specimen 80—83°. (Our thanks are due to Mr. B. Howe, B.Sc., for assistance with this 
experiment.) 

ge of a- and B-Methyl-2-deoxy-t-ribopyranoside with Methanolic Hydrogen Chloride.— 
a) a-Methyl-2-deoxy-t-ribopyranoside (0-0091 g.) was dissolved in 1% methanolic hydrogen chloride 
1-49 c.c.) at room temperature. Polarimetric observations were as follows: 


Time (hours) 0-30 0-635 0-88 1-22 1-50 2-50 4-50 
[a]? (c, 0-61) 427-42 +4+51-6° +77° +4882° +491-5° +94-4° +494-4° 


(b) B-Methyl-2-deoxy-t-ribopyranoside (0-0101 g.) was dissolved in 1% methanolic hydrogen chloride 
(1-5 c.c.) at room temperature. Polarimetric observations were as follows : 


Time (hours) , 0-15 2-75 4-5 
[a]?? (c, 0-67) +160° +108° +102° 


3: 4-Dimethyl B-Methyl-2-deoxy-L-ribopyranoside.—B-Methyl]-2-deoxy-L-ribopyranoside (1-73 g.) was 
dissolved in liquid ammonia (200 c.c.) contained in a 1-1. flask cooled by means of solid carbon dioxide. 
Sodium (1-62 g., three times the theoretical quantity) was added cautiously, and the blue solution was 
stirred vigorously at intervals. After 1 hour, methyl! iodide (14 c.c., three times the theoretical quantity 
based on the weight of sodium used) was added cautiously. After evaporation of the liquid ammonia by 
setting the mixture aside overnight, ether was added to the slightly yellow residual syrup. Anhydrous 
Magnesium sulphate was added, and the solid was repeatedly extracted with ether by heating under 
reflux. The ethereal extracts were combined and washed with sodium thiosulphate solution to remove 
dissolved iodine, and then with water. The ethereal layer was separated and dried (MgSO,). Evapor- 
ation left a syrup consisting mainly of 3:4-dimethyl $-methyl-2-deoxy-L-ribopyranoside (Found : 
OMe, 50-8. C,H,,O, requires OMe, 52-8%). A repetition of the above operations finally gave syrupy 
3: 4-dimethyl B-methyl-2-deoxy-L-ri anoside (0-66 g.), b. p. 85—95° (bath temp.) /12 mm., nj? 1-4440, 
(olf? + 224° (c, 0-97 in water) (Found : C, 54-4; H, 9-4; OMe, 52-0. C,H,,0, requires C, 54-6; H, 9-1; 

e, 52-8%). 
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3 : 4-Dimethyl 2-Deoxy-L-ribopyranose.—3 : 4-Dimethyl £-methyl-2-deoxy-L-ribopyranoside (3-25 g.) 
was heated at 100° for 15 minutes with 0-01N-hydrochloric acid (60 c.c.), the product then being com letely 
hydrolysed ({a]p + 52-6°, uncorr.). The solution was neutralised with silver carbonate and worked up 
in the usual manner. Crude 3: 4-dimethyl 2-deoxy-L-ribopyranose (2-65 g.) was obtained as a slightly 
brown syrup which was distilled, giving a colourless syrup (2-226 g.), b. p. 90—100°/0-3 mm., n?° 1-4596 
[a]? + 73-8° (c, 0-75 in water), which failed to yield a crystalline anilide (Found: C, 52-2; H, 8-9: 
OMe, 38-23. C,H,,O, requires C, 51-8; H, 8-7; OMe, ee 

3 : 4-Dimethyl 5-Deoxy-t-ribonolactone.—3 :4-Dimethyl 2-deoxy-L-ribopyranose (1-643 g.) was 
treated with water (8-5 c.c.) and bromine (3-4 c.c.). A sharp rise in temperature was noted. After 
4—5 days the solution did not reduce Fehling’s solution, and the excess of free bromine was removed by 
aération. The solution was neutralised with silver carbonate, and’ the silver bromide and exce$s of silver 
carbonate were filtered off. Passage of hydrogen sulphide into the filtrate eliminated silver ions. After 
filtration the solution was concentrated in vacuo at 40° to a thick syrup (1-477 g.) which was lactonized 
by heating at 80°/ca. 12 mm. for 10 minutes or at 40° for 45 minutes. The product was distilled, to 
yield 3: pee 2-deoxy-L-ribonolactone (0-903 g.) as a colourless liquid, b. p. 106—112°/0-2 mm., 
ni? 1-4595 gy : . 52-2; H, 7-5; OMe, 38-7; equiv., 157. C,H,,0, requires C, 52-5; H, 7-5; OMe, 
38-7%; uiv., 160). 

Whos : 4-dimethyl 2-deoxy-t-ribonolactone (0-08958 g.) was dissolved in 0-123m-sodium chloride 
solution (9-0 c.c.), the following values of [a] were obtained (uncorrected for change in molecular weight 
during hydrolysis) : 


0-00348 0-032 0-166 0-25 0-42 0-96 1-04 1-16 
+45-2° +41-7° +42-2° +39-2° +241° +20-1° +20-1° 
2-0 2-29 3-0 4-0 5-0 6-0 
+8-0° +5-0° +3-0° 0° 0° 0° 


3 : 4-Dimethy] 2-deoxy-t-ribonolactone (0-1149 g.) was dissolved in 5-0 c.c. of approx. 0-26N-sodium 
hydroxide. After 1-5 hours at 40° the solution was exactly neutralised with hydrochloric acid (5-0 c.c.). 
Polarimetric observations, carried out immediately gave the following values (uncorrected for change in 
molecular wieght during lactionisation ) : 


Time (days) 000348 0-084 0-19 0-25 2-0 2-78 3-78 
[a}i8 +26° 426° +465° +487° +49-6° +9-2° 


3: 4-Dimethyl 2-Deoxy-L-vibonolactone Phenylhydrazide.—3 :4-Dimethyl 2-deoxy-L-ribonolactone 
(0-31 g.) was dissolved in ether (6-2 c.c.) containing the exact equivalent of freshly distilled phenyl- 
hydrazine (0-2095 g.). The phenylhydrazide crystallised in a few days and was recrystallised from 
benzene; m. p. 67—72° (Found: N, 10-5. C,3HO,N, requires N, 10-4%). 


oe dtedie 1S oat cs wr: alert clause & 0-26 g.) was treated with 0:1% methanolic 


hydrogen chloride (5-0 c.c.) at 23°; after 12 minutes the specific rotation of the solution reached a 
maximum value [+ 39-4° (calculated in terms of the weight of 2-deoxy-p-ribose), +35-6° (corrected 
value)], and the solution was neutralized with silver carbonate. Subsequent operations were carried out 
as already described. The resultant syrup was rapidly distilled, and gave aB-methyl-2-deoxy-p-ribofur- 
anoside, as a viscous, clear, colourless distillate (0-18 g.), b. p. 115—125° (bath temp.) /0-45 mm., 
n? 1-4673, [a]? + 38-4° (c, 0-6 in acetic acid), which did not give a Fehling’s test (Found: OMe, 21-4. 
C,H,,0, requires OMe, 21-0%). 

When af-methyl-2-deoxy-p-ribofuranoside (0-0377 g.) was dissolved in glacial acetic acid (50 c.c.) 
containing excess of lead tetra-acetate (0-72 g.), one mol. consumed lead tetra-acetate as follows : 


Time (hours) . 3-17 6-42 
Mol. consumed M 0-028 0-028 


aB-Methyl-2-deoxy-.-ribofuranoside.—2-Deoxy-L-ribose (2-38 g.) was treated with 0-1% methanolic 
hydrogen chloride (40 c.c.) at 15°; after 15 minutes the specific rotation of the solution reached a 
minimum value [— 37° (calculated in terms of the weight of 2-deoxy-L-ribose), —33-5° (corrected value)}, 
and the solution was neutralised with silver carbonate. Subsequent operations were carried out as 
above. The resultant syrupy af-methyl-2-deoxy-L-ribofuranoside did not give Fehling’s test and had 
Mp 1-4668. It could be distilled rapidly to give a colourless viscous liquid, b. p. 120—140° (bath 
temp.) /0-14 mm., [a]? — 27-6° (c, 1-05 in water), but polymerised when slowly distilled (Found: C, 48-4; 
H, 8-3; OMe 20-5. C,H,,O, requires C, 48-6; H, 8-1; OMe, 21-0%). 

3:5-Dimethyl af-Methyl-2-deoxy-L-ribofuranoside.—2-Deoxy-af-methyl-t-ribofuranoside (2-70 g.) 
was dissolved in liquid ammonia (200 c.c.) and cooled with solid carbon dioxide. Sodium (2-2 g., 180% 
of the theoretical quantity) was added cautiously, with stirring. After 1 hour, methyl iodide (10 c.c.) 
was added cautiously. The subsequent operations were carried out in the manner already described for 
3: 4-dimethyl £-methyl-2-deoxy-L-ribopyranose. The mobile yellow syrup which was obtained was 
re-treated three times by the same procedure. This crude material obtained (1-6 g.) was distilled, to 
give fractions (i) 3: 5-dimethyl aB-methyl-2-deoxy-t-ribofuranoside (0-81 g.), b. p. 96—101° (bath 
temp.) /12—15 mm., [a]?? + 5-1° (c, 0-97 in water), +5-9° (c, 1-16 in water), ae 1-4335 (Found: C, 55-1; 
H, 9-5. C,H,,0, requires C, 54-6; H, 9-1%), and (ii) (0-13 g.), b. p. 101—103° (bath temp.) /12—15 mm., 
ny 1-4357. 

. 3 : 5-Dimethyl 2-Deoxy-L-ribofuranose.—3 : 5-Dimethyl af-methyl-2-deoxy-t-ribofuranoside (0-66 g.) 
was heated with 0-01N-hydrochloric acid at 100°. The specific rotation of the solution, initially + 4-2°, 
changed to —50-2° (corrected value for loss of glycosidic group) after 20 minutes, and did not change 
further after an additional 20 minutes’ heating. The solution was neutralized with silver carbonate, and 
subsequent operations were carried out in the usual manner. After removal of solvent the 3 : 5-dimethyl 
2-deoxy-L-ribofuranose produced (0-429 g.) was kept in an atmosphere of nitrogen. It was a colourless 
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liquid, ni? 1-4506, [a]#? — 42-5° (c, 0-8 in water), giving positive Fehling’s and Schiff’s tests, decolourising 
bromine water, and reducing neutral potassium ey Tage solution (Found: C, 51-5; H, 8-55; 
OMe, 38-8. C,H,,0, requires C, 51-8; H, 8-7; OMe, 38-2%). 

3 : 5-Dimethyl 3 Deoxy-t-ribonolactone.—3 : 5-Dimethyl 2-deoxy-.-ribofuranose (0-292 g.) was treated 
with water (1-5 c.c.) and bromine (0-6 c.c.); when the mixture was shaken, part of the bromine was 
absorbed with the evolution of heat. After 4 days the mixture no longer gave Fehling’s test. The 
excess of bromine was removed by aération, and the solution neutralised with silver carbonate. The 
filtrate from the insoluble silver salts was treated with hydrogen sulphide and filtered to remove silver 
sulphide. Evaporation of the aqueous solution at 50° im vacuo gave 0-20 g. of a syrup, of which 0-094 g. 
was distilled, to give 3 : 5-dimethyl 2-deoxy-.-ribonolactone (0-045 g.) as a clear, mobile, colourless liquid, 
b. p. 100—110° (bath temp.) /0-3 mm., n? 1-4445, [a]?? — 33-3° (c, 0-63 in water) (Found: C, 53-1; 
H, 7-7; OMe, 38-1; equiv., 154. C,H,,0, requires C, 52-5; H, 7-5; OMe, 38-7%; equiv., 160), which 
did not give a Fehling’s test and did not decolourise bromine water. 

A portion of the distillate (0-00813 g.) was treated with excess of 0-5N-sodium hydroxide (0-18 c.c.) at 
40° for 1-5 hours; the excess of sodium hydroxide was then exactly neutralised with hydrochloric acid 
(01765 c.c.); polarimetric readings were (c, 2-28 in 0-25m-sodium chloride) as follows: 


(initial) 0-81 1-125 2-125 3-0 5-81 8-81 
—5:26° —6-14° —6-56° -—9-63° -—8-74° —10-2° 
Time (days) 10-13 13-1 14-0 18-1 20-1 22-1 
Cee —12-23° —14-4° —16-2° —184° -—22-8° —20-6° 
([a]?? are based on the weight of lactone used.) 


The analyses were carried out, some by Drs. Weiler and Strauss (Oxford) and some by Dr. W. T. 
Chambers. One of us (W. G. O.) is indebted to the Board of the British Rubber Producers’ Research 
Association for financial assistance which enabled him to take part in this investigation. We also thank 
the Birmingham branch of the British Empire Cancer Campaign for financial assistance. 
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598. Deoxy-sugars. Part VII. A Study of the Reactions of Some 
Derivatives of 2-Deoxy-D-Glucose. 


By W. G. OveREND, M. Stacey, and J. STANEK. 


A re-investigation of methods for the synthesis of 2-deoxy-p-glucose is described, together 
with the preparation of derivatives. Some of the reactions of these derivatives are outlined 
and the results of a comparative study of the rates of hydrolysis of the methyl pyrano- and 
furano-glycosides of 2-deoxyglucose and 2-deoxyribose are discussed. 


In continuation of our studies on deoxy-sugars, in particular 2-deoxy-pentoses and -hexoses, 
we needed 2-deoxy-D-glucose in reasonably large quantities, and consequently we have prepared 
various crystalline derivatives which serve to characterise further this interesting sugar. Two 
main methods have been described for the preparation of 2-deoxy-p-glucose. The well-known 
glycal method was used by Bergmann and Schotte (Ber., 1921, 54, 440) who treated glucal 
with dilute acid and isolated 2-deoxyglucose as its phenylbenzylhydrazone. Shortly afterwards 
these workers obtained the crystalline 6-form of the free sugar by cleaving the hydrazone with 
benzaldehyde (Bergmann, Schotte, and Lechinsky, Ber., 1922, 55, 158). Recently Sowden 
and Fischer (J. Amer. Chem. Soc., 1947, 69, 1048) have developed a method of synthesis which 
affords mainly the a-form of the sugar. The method involved the treatment of D-arabinose 
with nitromethane and an acetylating agent which yielded 1-nitro-p-arabo-tetra-acetoxyhexene. 
Reduction of this afforded 1-nitro-1 : 2-dideoxy-p-arabohexitol 3: 4: 5: 6-tetra-acetate, from 
which 2-deoxy-D-glucose was obtained by treatment with sodium hydroxide. We have made 
use of both of these methods of synthesis but have concentrated most attention on the former 
owing to the difficulty of obtaining D-arabinose. 

Triacetyl glucal was deacetylated smoothly by dissolving it in methanol containing a trace 
of sodium, whereby glucal was obtained in excellent yield. This method of deacetylation proved 
much more convenient than that employed by Bergmann e? al. (Ber., 1921, 54, 440) who used 
methanol saturated at 0° with gaseous ammonia. Treatment of glucal with ice-cold 2N-sulphuric 
acid gave crystalline 2-deoxy-D-glucose, generally contaminated with syrupy 2-deoxy-p-glucose 
and other non-crystalline products. The yield of crystalline 2-deoxy-p-glucose was considerably 
increased by conversion of the syrupy products into the benzyl mercaptal or into the anilide. 
Crystalline 2-deoxy-p-glucose, toluene-w-thiol, and concentrated hydrochloric acid gave crystal- 
line 2-deoxy-p-glucose dibenzyl mercaptal, acetylation of which with acetic anhydride in pyridine 
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afforded 2-deoxyglucose dibenzyl mercaptal 3: 4:5: 6-tetra-acetate. The dibenzyl mercaptal 
on dissolution in aqueous acetone containing excess of mercuric chloride and yellow mercuric 
oxide underwent demercaptalation, and crystalline 2-deoxyglucose was regenerated. A 
suspension of crystalline 2-deoxy-D-glucose in ethanol on reaction with aniline at 80° yielded a 
crystalline anilide, which could be reconverted into the free deoxy-sugar by hot formic acid, 
These reactions between 2-deoxy-D-glucose and toluene-w-thiol or aniline take place with 
syrupy 2-deoxy-D-glucose, for when the whole syrupy material which always accompanies 
the crystalline deoxyglucose was treated with toluene-w-thiol it afforded crystalline 2-deoxy- 
D-glucose dibenzyl mercaptal in 20% yield. Demercaptalation of this by the method already 
described yielded crystalline 2-deoxy-p-glucose. Similarly, when the syrupy material was 
treated with aniline in ethanol, it gave crystalline 2-deoxy-p-glucose anilide which afforded 
2-deoxy-D-glucose in approximately 20% yield. 

A re-investigation of the preparation of 2-deoxy-p-glucose by the method described by 
Sowden and Fischer (loc. cit.) confirmed these authors’ claims and resulted in the improvement 
that we were able to isolate directly the crystalline 2-deoxy-p-glucose without first forming the 
phenylbenzylhydrazone. 

Two further derivatives of 2-deoxy-p-glucose prepared were the a- and §-tetra-acetates, 
Acetylation of the deoxy-sugar with acetic anhydride in pyridine afforded crystalline 2-deory- 
a-D-glucose 1:3: 4: 6-tetra-acetate whereas, when sodium acetate and acetic anhydride were 
used, crystalline 2-deoxy-B-p-glucose 1: 3 : 4: 6-tetra-acetate was obtained. 

According to Green and Pacsu (J. Amer. Chem. Soc., 1937, 59, 1205) it is possible to prepare 
an alkylfuranoside of a sugar by treating a mercaptal of the sugar with mercuric chloride, yellow 
mercuric oxide, and the appropriate alcohol. The reaction proceeds in two stages, e. g. : 


H—C(SR), H—C—S—k 


> 
HgCl,-R’OH 


+ + HCl 
+ RS:HgCl 


Reaction 1 Reaction 2 


and a thioglycofuranoside is formed as an intermediate. If reaction 2 proceeds much faster 
than reaction 1, the intermediate cannot be isolated. Thus, Green and Pacsu (loc. cit.) were 
unable to isolate an intermediate compound in the conversion of galactose diethyl mercaptal 
into ethylgalactofuranoside. In the glucose series however, the corresponding intermediate 
compound was isolated. In view of the finding described below that the 2-deoxy-group greatly 
increased the lability of a glycosidic group on C,), we thought it of interest to determine whether 
it was possible to isolate a thioglycoside of 2-deoxyglucofuranose or whether the presence of the 
deoxy-group on C,,, of the sugar would make the glycoside so labile that its isolation would be 
improbable. The latter proved to be the case, for treatment of 2-deoxyglucose dibenzy] mercaptal 
under the appropriate conditions for obtaining the intermediate compound yielded only 2-deoxy- 
glucopyranose and unchanged 2-deoxyglucose dibénzyl mercaptal, indicating that some initial 
material had been completely demercaptalated with subsequent exhaustion of the mercuric 
chloride and cessation of any further reaction. When dry methanol was added during the 
demercaptalation of 2-deoxyglucose dibenzyl mercaptal, there was obtained a methyl-2-deoxy- 
glucoside; we regard this as being a methyl-2-deoxyglucofuranoside, since it differed from the 
already known a- and $-methyl-2-deoxyglucopyranosides and moreover its rate of oxidation 
with lead tetra-acetate was much more rapid than that of «$-methyl-2-deoxyglucopyranoside. 
This behaviour is indicative of the presence of cis-hydroxyl groups in the sugar and hence of a 
furanose structure. 

Furthermore its rate of hydrolysis with 0-005n-hydrochloric acid was of the same order as the 
corresponding rate of hydrolysis of «8-methyl-2-deoxy-p-glucofuranoside (cf. Hughes, Overend, 
and Stacey, following paper) and differed from that of «-methyl-2-deoxy-p-glucopyranoside. 

A comparative measurement of the rates of hydrolysis of methyl-furano- and -pyrano- 
glycosides of 2-deoxy-p-glucose and 2-deoxy-p-ribose indicated that the furanose form was 
hydrolysed exceedingly rapidly and that both glycosidic types were hydrolysed much more rapidly 
than the corresponding normal sugar derivatives (see figure). The extent of hydrolysis was 
followed polarimetrically and it will be seen that «-methyl-2-deoxy-p-glucopyranoside was 
hydrolysed to some extent by 0°05n-hydrochloric acid whereas 8-methyl-p-glucoside showed no 
change in optical rotation when treated with n-hydrochloric acid. «-Methyl-2-deoxy-p-gluco- 
furanoside on the other hand was completely hydrolysed in 10 minutes by 0°005n-hydrochloric 
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acid at 15°. Similarly «§-methyl-2-deoxy-t-ribofuranoside was hydrolysed much more rapidly 
by 0°005N-hydrochloric acid at 100° than was either a- or 6-methyl-2-deoxy-L-ribopyranoside. 

Calculation, from the experimental data, of the velocity constant for hydrolysis of a- and 
g-methyl-2-deoxy-L-ribopyranoside to 2-deoxy-L-ribose gave a value of 0°101. This value 
may be compared with the velocity constant (0°0068) for the hydrolysis of a-methyl-p-arabino- 
furanoside in 0°01Nn-hydrochloric acid (Montgomery and Hudson, J. Amer. Chem. Soc., 1937, 
59, 992); the deoxy-sugar derivatives are much more rapidly hydrolysed. Moreover the 
hydrolysis of a- and 6-methyl-p-arabinopyranoside requires a considerably higher concentration 
of acid, and the value of the velocity constant for the hydrolysis of «~-methyl-p-arabinofuranoside 
is approximately 10 times.that for «- and -methyl-p-arabinopyranoside calculated in terms of the 
same acid concentration (idem, ibid.). 
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I. @ a-Methyl-2-deoxy-L-ribopyranoside (0-005N-HC] at 100°). 
. O B-Methyl-2-deoxy-L-ribopyranoside (0-005N-HC1 at 100°). 
. A afB-Methyl-2-deoxy-L-ribofuranoside (0-005N-HCI at 100°). 

. ©) B-Methyl-p-glucopyranoside (1N-HC1 at 17°). 

. V a-Methyl-2-deoxy-D-glucopyranoside (0-05N-HCI aé 15°). 

. X ap-Methyl-2-deoxy-p-glucofuranoside (0-005N-HCI at 15°). 

. © aB-Methyl-2-deoxy-p-glucoside obtained from the mercaptal derivative (0-005N-HC1 at 15°). 


— It seems that in 2-deoxy-sugars the methylene group greatly increases the lability of the 
glycoside group at C,), and this effect is enhanced when the ring structure is of the furanose 


EXPERIMENTAL, 


D-Glucal.—Triacetyl glucal (5-86 g.) was dissolved in dry methanol (100 c.c.), and sodium (15 mg.) 
was added. The solution was kept at room temperature overnight and then evaporated to a dry residue 
which was extracted once with a very small amount of water. The residue was then thoroughly dried. 
The crystals (hygroscopic) recrystallised from ethyl acetate in absence of moisture as colourless 
needles (3-0 g.), m. p. 58—60°, [a]? —7° (c, 1-47 in water). 

2-Deoxy-D-glucosé.—Glucal (10-5 g.) in ice-cold 2N-sulphuric acid (100 c.c.) was kept overnight at 0°. 
After filtration the solution was stirred with charcoal and then neutralised with barium hydroxide and 
barium carbonate. The filtered solution was evaporated to dryness under diminished pressure. Tritur- 
ation of the syrupy residue with dry acetone separated the product into crystals of 2-deoxy-p-glucose 
(4-63 g.) and a syrupy residue (A). The crystals were recrystallised several times from aqueous ethanol 
and acetone, m. p. 146°, [a]}¥® +38-3° —> + 45-9° in 35 minutes (c, 0-52 in water); [a]j/* +22-8°-—> 
+80-8° in 24 hours (c, 0-57 in pyridine). Bergmann et al. (Ber., 1921, 54, 453; 1922, 55, 158) give m. p. 
148° and [a]}? +46-6° (in water) and [a]}® +15-2° —> + 90-2° in 20 hours (in pyridine). Fischer and 
Sowden (J. Amer. Chem. Soc., 1947, 69, 1048) report m. p. 128—129° and [a]? +46-6° at equilibrium after 
1 hour (in water) (Found: C, 43-3; H, 7-5. Calc. for C,H,,0,: C, 43-9; H, 7-3%). 

2-Deoxy-p-glucose Anilide (with K. BuTLER).—2-Deoxy-p-glucose (0-1 g.), suspended in absolute 
ethanol (12 c.c.), was boiled for 14 hours with aniline (0-1 g.). No reaction was apparent, and conse- 
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quently water (1 c.c.) was added and the mixture was boiled for a further} hour. A slight brown residue 
was removed by filtration, and on being kept the filtrate deposited 2-deoxy-p-glucose anilide (0-090 g.) 
which recrystallised from ethanol in the form of colourless needles, m. p. 193—194°, [a]? —139° 
—> — 106° (2 days) (c, 1-0 in pyridine) (Found: C, 60-3; H, 7-1; N, 5-6. C,,H,,O,N requires ¢ 
60-2; H, 7:1; N, 58%). . 

Regeneration of 2- oxy ae from its Anilide.—2-Deoxy-p-glucose anilide (80 mg.) was treated with 
0-5% formic acid (20 c.c.) for 1 hour at 80°. The excess of formic acid and aniline were then removed 
by steam-distillation, and the solution was neutralised with lead carbonate. The filtered liquor was 
concentrated to dryness, and the residue dissolved in 95% alcohol. The lead was removed from solution 
by means of hydrogen sulphide and, after decolorisation with charcoal, the solvent was removed by 
evaporation and a light-yellow coloured syrup remained. This, on nucleation with 2-deoxy-p-glucose, 
slowly crystallised. These crystals (0-0134 g.) had m. p. 142° alone and in admixture with 2-deoxy- 
D-glucose; [a]}? +46° [equilibrium value in water (c, 1-0)]. 

Acetylation of 2-Deoxy-D-glucose.—(a) 2-Deoxy-p-glucose (0-15 g.) was suspended in dry pyridine 
(2-5 c.c.) at 0°, and freshly distilled acetic anhydride (2 c.c.) was added. The reaction mixture was kept 
at 0° for 3 days, at the end of which time the 2-deoxyglucose had completely dissolved. The solution 
was diluted with water and then extracted with chloroform. The extract was washed with 0-0In- 
sulphuric acid, dilute sodium hydrogen carbonate solution, and finally with water. After drying 
(CaCl,) the solvent was removed by evaporation, and the residue was evaporated several times with 
absolute ethanol. The oily residue crystallised after trituration with ethanol-ether. After recrystallis- 
ation from ethanol, tetra-acetyl a-2-deoxy-D-glucose, m. p. 91°, [a]? +12-30° (c, 0-325 in ethanol) (Found : 
C, 50-4; H, 6-3. C,H O, requires C, 50-6; H, 6-1%), was obtained. 

(b) 2-Deoxy-p-glucose (0:1 g.), acetic anhydride (0-5 g.), and fused sodium acetate (0-1 g.) were heated 
together under reflux for 30 minutes. After cooling the mixture was diluted with water, and the result- 
ing solution was extracted with chloroform. The extract was dried (MgSO,) and the solvent was removed 
by evaporation. The residue was evaporated several times with absolute ethanol and then dried. A 
colourless oil remained, having n?? 1-4555. After several months the oil crystallised and recrystallised 
from ethanol—water in colourless cubes. It was tetra-acetyl B-2-deoxy-D-glucose, m. p. 75—78°, [a]? 
+30° (c, 0-20 in ethanol) (Found: C, 50-8; H, 6-4. C,H O, requires C, 50-6; H, 6-1%). 

2-Deoxy-D-glucose Dibenzyl Mercaptal.—2-Deoxy-pD-glucose (1-4 g.) and toluene-w-thiol (2-5 g.) were 
mixed. Concentrated hydrochloric acid (5 c.c.) was added and the reaction mixture was shaken 
vigorously for 30 minutes. After about 15 minutes the mixture became semi-solid. It was diluted 
with chloroform and then poured on ice. At the water-chloroform interface crystals separated; they 
were collected by filtration. The chloroform layer was separated and the aqueous layer was extracted 
with chloroform. The chloroform layer and extract were combined and evaporated, giving a small 
amount of crystalline material. The total crop of crystals obtained recrystallised from ethanol or 
methanol as colourless needles of 2-deoxy-p-glucose dibenzyl mercaptal, m. p. 154°, [a]j? —40° (c, 0-6 


in ethanol), which were slightly soluble in cold ethanol and acetone and insoluble in water (Found: 
C, 61:0; H, 6-6; S, 15-8. C, 9H,,0,S, ugtee C, 60-9; H, 6-6; S, 16-2%). 


Demercaptalation of 2-Deoxyglucose Dibenzyl Mercaptal.—2-Deoxyglucose dibenzyl mercaptal (0:3 g.) 
was dissolved in boiling acetone (10 c.c.) and water (5c.c.). Mercuric chloride and yellow mercuric oxide 
were added and the reaction mixture was boiled for 15 minutes. The insoluble mercury compounds 
were filtered off and pyridine (3 c.c.) was added to the filtrate. The solution was kept at 0° overnight. 
The crystalline mercuric chloride—pyridine addition compound which separated was removed by filtra- 
tion, and the filtrate was evaporated to dryness. A syrupy residue remained which solidified (0-075 g.) 
when nucleated with 2-deoxyglucose. After recrystallisation from aqueous alcohol—acetone it had 
m. p. 145—146° alone or in admixture with 2-deoxyglucose. 

Purification of Syrupy 2-Deoxy-p-glucose.—The syrupy 2-deoxy-p-glucose (A) (p. 2843) (5-1 g.) 
remaining after the crystallisation of the sugar was mixed with toluene-w-thiol (8 g.). Concentrated 
hydrochloric acid (12 c.c.) containing zinc chloride (6 g.) was added to the reaction mixture which was 
vigorously shaken for 30 minutes. After about 15 minutes solid began to separate. The reaction 
mixture was diluted with water (250 c.c.). The brown solid which separated was collected by 
filtration and recrystallised (2-49 g.) from ethanol; m. p. 154° alone or in admixture with 2-deoxy- 
D-glucose dibenzyl mercaptal. 

Demercaptalation of this 2-deoxy-p-glucose dibenzyl mercaptal (2-49 g.) by the method described 
ae ng 2-deoxy-D-glucose (0-67 g., 65-5%), which after recrystallisation from aqueous ethanol—acetone 

m. p. 145—146° and [a}}® +45-4° (equilibrium) (c, 0-52 in water). 

Attempted Preparation of  Benzylthio-a-2-deoxyglucofuranoside.—(a) 2-Deoxyglucose  dibenzyl 
mercaptal (1-0 g.) was dissolved in aqueous ethanol (10 c.c.), and mercuric chloride (0-25 mol., 0-17 g.) 
and yellow mercuric oxide (1 g.) were added. The reaction mixture was shaken overnight at room 
temperature. Insoluble mercury compounds were removed by filtration, and the mercuric chloride 
in the filtrate was removed in the usual manner by adding pyridine. After the mercuric chloride- 
pyridine addition complex had been filtered off, the filtrate was evaporated to dryness. Fractional 
crystallisation of the residue yielded benzylthiomercuric chloride (C,H,*CH,°S-HgCl), 2-deoxyglucose 
(0-15 g.), m. p. 145—146°, and unchanged 2-deoxyglucose dibenzyl mercaptal (0-5 g.), m. p. 154°. Ex- 
traction with hot acetone of the insoluble mercury compounds and evaporation of the extract to dryness 
also afforded some unchanged 2-deoxyglucose dibenzyl mercaptal (0-1 g.). 

(b) 2-Deoxyglucose dibenzyl mercaptal (0-67 g.), mercuric chloride (0-66 mol., 0-30 g.) and yellow 
mercuric oxide (1 g.) were s ded in 10% aqueous ethanol (7-5 c.c.). The reaction was followed as 
above, but only unchanged 2-deoxyglucose dibenzyl mercaptal (0-40 g.), m. p. 154°, and 2-deoxyglucose 
(0-10 g.), 2 145—146°, (a]}® +45-9° (equilibrium) (c, 0-326 in water), were isolated. : 

Methy-2-deoxy-b-glucofuranoside.—2-Deoxyglucose dibenzyl mercaptal (0-5 g.), mercuric chloride 
(1-2 g.), and yellow mercuric oxide (2-0 g.) were suspended in dry methanol (100 c.c.). The suspension 
was mechanically agitated for 6 hours at room temperature. The insoluble mercuric compounds were 
filtered off and washed with warm methanol. The washings were added to the filtrate, and then pyridine 
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(10 c.c.) was added to the mixture. The solution was kept at 0° overnight. The pyridine—mercuric 
chloride complex which separated was removed by filtration, and the filtrate was evaporated to dryness 
under diminished pressure. The residue was dissolved in water, and the solution filtered and then 
again evaporated. The residue was extracted with methanol, removal of which yielded a colourless 

p—methyl-2-deoxy-p-glucofuranoside, njf 1-4931, [a]? +69-5° (c, 0-23 in ethyl alcohol) (Found : 
OMe, 16-8. C,H,,0, requires OMe, 17-4%). Cf. B-methyl-2-deoxy-p-glucopyranoside, m. p. 122°, 
[a]z? —48-4°, and a-methyl-2-deoxy-p-glucopyranoside, m. p. 91°, [a]#? +137-9° (Fischer, Bergmann, and 
Schotte, Ber., 1920, 58, 545; Bergmann, Annalen, 1925, , 223; Bergmann, Schotte, and Lechinsky, 
Ber., 1922, 55, 158). The methyl-2-deoxy-p-glucofuranoside (0-3 g.) was oxidised with a solution of 
lead tetra-acetate in dry benzene. The reaction was followed iodometrically. One mole of the tetra- 
acetate was consumed. A comparative experiment with af-methyl-2-deoxy-p-glucopyranoside showed 
that this substance also consumed one mole of lead tetra-acetate, but the rate of its oxidation was 
much slower. 

3:4:5: 6-Tetra-acetyl 2-Deoxy-p-glucose Dibenzyl Mercaptal.—2-Deoxy-p-glucose dibenzyl mercaptal 
(0-3 g.) was dissolved in dry pyridine (2-5 c.c.), and the solution was cooled to 0°. Freshly distilled acetic 
anhydride (1-5 g.) was added, and the solution was kept at 0° overnight and then poured into water 
(50 ml.). An oil separated which quickly solidified. It was collected by filtration and recrystallised 
from ethanol—water or methanol. ng colourless needles of the acetylated dibenzyl mercaptal (0-26 g.) 
were obtained, having m. p. 63° and [a]}? +18-2° (c, 0-77 in methanol) (Found: S, 11-3; OAc, 30-4. 
CygH 4OgSq requires S, 11-4; OAc, 30-6%). 

Repetition of Fischer and Sowden’s Method (loc. cit.) of preparing 2-Deoxy-p-glucose.—Treatment of 
p-arabinose (15 g.) with nitromethane and sodium methoxide, followed by acetylation, afforded 33-2% 
of 1-nitro-D-arabo-tetra-acetoxyhexene (12-0 g.; m. p. 115°). Reduction of this (10 g.) with hydrogen 
in the presence of a palladium catalyst yielded 7-5 g. (71%) of 1-njtro-1 : 2-dideoxy-p-arabo-hexitol 
tetra-acetate, m. p. 90—91°, [a]?? +29-6° (Fischer and Sowden give m. p. 115—116° and 91—92° respec- 
tively for these compounds). 

The above substance (7-0 g.) was dissolved in N-NaOH (105 c.c.) and kept for 1 hour. It was then 
added to a stirred mixture of water (25 c.c.) and sulphuric acid (14-7 c.c.) at room temperature. The 
solution was diluted with water and neutralised (barium carbonate). The filtered solution was treated 
with a few drops of acetic acid and then evaporated under diminished pressure. The resulting syrup 
was redissolved in a small quantity of ethanol, filtered, and again concentrated to dryness; on bein 
stored for some weeks in a vacuum, the syrup obtained slowly crystallised and was recrystallised (1-0 g. 
from aqueous ethanol by addition of acetone. The 2-deoxy-p-glucose had m. p. 128—131° and repeated 
crystallisation tended slightly to lower this value. It was probably a mixture mainly in the a-form, 
since Fischer and Sowden (loc. cit.) report similar observations. 

Rates of Hydrolysis Experiments.—(a) a-Methyl-2-deoxy-L-ribopyranoside. a-Methyl-2-deoxy- 
L-ribopyranoside (0-0352 g.) was dissolved in 0-005N-hydrochloric acid (5 c.c.), and the solution heated 
at 100°. The following polarimetric observations were obtained : 


Time (minutes) 3-5 7-5 11-5 17-5 27-5 
[a]? —0-34° +11° +37° +47° +651° +651° 


After this time the solution strongly reduced Fehling’s solution. 


(b) B-Methyl-2-deoxy-L-ribopyranoside. A similar procedure with the f-derivative gave the following 
results : 


Time (minutes) 4 9 15 25 
[a]? +112° +66° +49° +49° 


(c) aB-Methyl-2-deoxy-L-ribofuranoside. This furanoside (0-1505 g.) was dissolved in 0-005N-hydro- 
chloric acid (15 c.c.), and the rotation was observed (({a]p —33°). The solution was rapidly heated to 
100° and the optical rotation changed rapidly (3 minutes). 

(d) a-Methyl-2-deoxy-D-glucopyranoside. The glucoside (0-25 g.) was hydrolysed with 0-05N-hydro- 
chloric acid (35 c.c.) at 15° and the reaction was followed as before (initial value of [a]?? +130° and after 
30 minutes the hydrolysis was incomplete). 

(e) aB-Methyl-2-deoxy-p-glucofuranoside. The hydrolysis of this compound (0-022 g.) was effected 
with 0-005n-hydrochloric acid (4 c.c.) at room temperature and was complete in about 8 minutes. 


The micro-analyses were carried out partly by Dr. W. T. Chambers and partly by Drs. Weiler and 
Strauss. One of us (W. G. O.) thanks the British Rubber Producers’ Research Association for financial 
assistance which enabled him to take part in this work. We also thank Messrs. Imperial Chemical 
Industries Ltd. for a grant in aid of this work. 
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599. Deoxy-sugars. Part VIII. The Constitution of «8-Methyl- 
2-deoxy-D-glucofuranoside. 
By I. W. Hucues, W. G. OvEREND, and M. STAcEy. 


The synthesis of af-methyl-2-deoxy-p-glucofuranoside is described and its constitution 
established by oxidation with lead tetra-acetate, methylation, and formation of the charac- 
teristic furano-lactone. 


THE reactions of 2-deoxy-p-glucopyranose have been fairly extensively investigated. Thus 
Bergmann e? al. (Fischer, Bergmann, and Schotte, Ber., 1920, 58, 545; Bergmann, Annalen, 
1925, 448, 223; Bergmann, Schotte, and Lechinsky, Ber., 1922, 55, 158) described the prepar- 
ation of a- and 6-methyl-2-deoxy-p-glucopyranosides and their methylated derivatives. The 
corresponding methylated lactone was later prepared by the usual methods (Hirst and Woolvin, 
J., 1931, 1131; Levene and Mikeska, J. Biol. Chem., 1930, 88, 791). The reactions of 2-deoxy- 
p-glucofuranose and its derivatives have however received but scant attention. Since we have 
been interested in the reactions of 2-deoxy-pentoses and -hexoses, particularly in their furanose 
forms, we have compared the properties of the relatively accessible 2-deoxy-p-glucofuranose 
with those of other furanose derivatives of 2-deoxy-pentoses and -hexoses, and in particular 
with those of «$-methyl-2-deoxy-D- and -L-ribofuranoside (this vol., p. 2836). 

* 2-Deoxy-pD-glucose was prepared by the improved method from glucal (this vol., pp. 1879 
and 2841) and was converted by ethanethiol and concentrated hydrochloric acid into crystalline 
2-deoxy-D-glucose diethyl mercaptal, acetylation of which with acetic anhydride in pyridine 
afforded the crystalline 3 : 4: 5 : 6-tetva-acetate. 

Prolonged treatment of 2-deoxy-p-glucose with 0°1% methanolic hydrogen chloride led to 
«f-methyl-2-deoxy-p-glucopyranoside. Polarimetric investigation of the reaction on two 
samples showed that another reaction was taking place during the initial stages: after an 
initial change, which was probably mutarotation, the value of [«] fell to a minimum after about 
9 minutes (Fig. 1; curve II). Isolation of the product at this stage yielded a liquid product 
which, as outlined below, was identified as «$-methyl-2-deoxy-p-glucofuranoside (I). 
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Hydrolysis of the glycoside with 0°005n-hydrochloric acid regenerated 2-deoxy-p-glucose. 
a-Methyl-2-deoxy-p-glucopyranoside (II) was prepared either from 2-deoxy-D-glucose by treat- 
ment with 2% methanolic hydrogen chloride at 40° for 50 minutes or from p-glucal by treat- 
ment with 25% methanolic hydrogen chloride at 60° for 1 hour. 

Both «f-methyl-2-deoxy-p-glucofuranoside (I) and «-methyl-2-deoxy-p-glucopyranoside 
(II) possess hydroxyl groups on adjacent carbon atoms and hence both should be oxidised by 
lead tetra-acetate, each consuming 1 mole of the oxidising agent. In the glycofuranoside (I), 
the hydroxyl groups are cis, whereas in a-methyl-2-deoxy-p-glucopyranoside they are trans to 
each other. The former substance (Hockett and McClenahan J. Amer. Chem. Soc., 1939, 61, 
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1667) should thus be oxidised by lead tetra-acetate at a faster rate than the latter. As expected, 

we found that (I) and (II) each consume 1 mole of oxidising agent, the rate of oxidation of (I) 

being much the faster (see Fig. 2). This indicated 

that (I) had been correctly designated as «$-methyl- Fic. 1. 

2-deoxy-D-glucofuranoside. 40 
When (I) was treated with carbonyl chloride in 

dry pytidine at —5°, it afforded a monocarbonate. 

Since carbonate residues are invariably attached to 

adjacent cis-hydroxyl groups (Haworth and Porter, 

J. 1929, 2801; 1930, 151) [N.B. The hydroxyl 

group on C;¢, of (I) can assume the cis-position relative 

to that on C,,,], this compound is probably «B-methyl- 

2-deoxy-D-glucofuranoside 65: 6-monocarbonate (VI). 

Its formation supports the postulated five-membered 

ring structure of (I). Finally, conclusive proof of the 

structure was obtained by methylation and oxidation. 

When af-methyl-2-deoxy-p-glucofuranoside was 

methylated with methyl iodide and sodium in liquid 

ammonia (Muskat, J. Amer. Chem. Soc., 1934, 56, 17 

693, 2449; Freudenberg and Boppel, Ber., 1938, 71, Time, minutes. 

2505), it afforded 3: 5: 6-trimethyl aB-methyl-2-deoxy- I. Sample I. Il. Sample II. 

p-glucofuranoside (III) as a colourless liquid. Hydro- 

lysis of this with 0°005n-hydrochloric acid resulted in scission of the glycosidic grouping with 
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I. aB-Methyl-2-deoxy-p-glucofuranoside. II. a-Methyl-2-deoxy-p-glucopyranoside. 
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I. 3:5: 6-Trimethyl 2-deoxy-(y)-gluconolactone. 
II. 3:4: 6-Trimethyl 2-deoxy-(8)-gluconolactone. 
III. 2-Deoxy-p-gluconolactone. 
IV. Lactonisation of 3 : 4 : 6-trimethyl D-gluconic acid. 








formation of 3: 5 : 6-trimethyl 2-deoxy-p-glucofuranose (IV) as a pale yellow liquid which with 
aniline in ethanol gave a crystalline anilide. Oxidation of 3: 5: 6-trimethyl 2-deoxy-p-glucose 
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with bromine afforded 3: 5: 6-trimethyl 2-deoxy-p-gluconolactone (V), apparently identical 
with the lactone reported by Gakhokidze (J. Gen. Chem. Russia, 1946, 16, 1907, 1914) who 
obtained it by an indirect method from 2-deoxycellobionic acid. The rate of hydrolysis of the 
methylated lactone (V) showed it to be, as designated above, a furano-lactone : hydrolysis was 
exceedingly slow in comparison with that of the corresponding pyrano-lactone, 3:4: 6-trimethy] 
2-deoxy-D-gluconolactone (Hirst and Woolvin, J., 1931, 1131) (see Fig. 3). This completes the 
proof of structure of (I). 


EXPERIMENTAL. 


2-Deoxy-p-glucose Diethyl Mercaptal_—2-Deoxy-p-glucose (1-7 g.) was shaken with ethanethio] 
(1-4 g.) and concentrated hydrochloric acid (1-6 c.c.). The material soon solidified and more hydro- 
chloric acid (1 c.c.) was added. On completion of the reaction, water (50 c.c.) was added and the 
separated solid washed on the filter with ether. Recrystallisation from methanol gave 2-deoxy-p- 
glucose diethyl mercaptal (1-41 g.), m. p. 133-5°, [a]#? —10° (c, 1-0 in methanol) (Found: C, 44-7; H, 8-2. 
C4oH,,0,S, requires C, 44-4; H, 8-2%). 

2-Deoxy-p-glucose Diethyl Mercaptal 3 : 4: 5 : 6-Tetra-acetate.—2-Deoxy-D-glucose diethyl mercaptal 
(0-207 g.) was dissolved in pyridine (2 c.c.), and the solution cooled to 0°. Freshly distilled acetic 
anhydride (2 c.c.) was added during 15 minutes. The mixture was set aside at room temperature for 
12 hours and was then poured into ice-water (70 c.c.). The separated oil rapidly crystallised and was 
well washed with water. On recrystallisation from mathanol it afforded 2-deoxy-p-glucose diethyl 
mercaptal 3:4: 5: 6-tetra-acetate (0-208 g.), m. p. 75°, [a]}®’ —27° (c, 1-34 in methanol) (Found: C 
49-6; H, 6-7. C,,H390,S, requires C, 49-3; H, 6-9%). 

aB-M: stig G-decae > ahmafatancité (I).—2-Deoxy-p-glucose (2-5 g.) was dissolved in 0-1% methanolic 
hydrogen chloride (50 c.c.), and the solution was shaken for 9 minutes and then neutralised with a large 
excess of silver carbonate. The decolorised, filtered solution was evaporated under diminished 
pressure at 40°, giving af-methyl-2-deoxy-D-glucofuranoside (with a trace of the pyranosides) as a colour- 
less syrup, n}3* 1-483, [a]? +43° (c, 1-04 in water), +49° (c, 0-8 in ethanol) (Found: C, 47-1; H, 7-4; 
OMe, 18-0. C,H,,0, requires C, 47-2; H, 7-8; OMe, 17-4%). When attempts were made to distil 
this compound [110—120° (bath temp.) /0-01 mm.], it apparently polymerised and the product is being 
further investigated. 

a-Methyl-2-deoxy-p-glucopyranoside (II).—(a) 2-Deoxy-p-glucose (0-25 g.) in 2% methanolic hydrogen 
chloride (9 c.c.) was heated at 40° for 50 minutes. The solution was neutralised with silver carbonate, 
filtered before and after treatment with charcoal and then evaporated under diminished pressure at 
40°, leaving a syrup which crystallised on trituration with ethyl acetate. Recrystallisation from ethyl 
alcohol gave a-methyl-2-deoxy-p-glucopyranoside (0-13 g.), m. p. 90—92°, [a]?? +135° (c, 0-67 in water) 
(cf. Bergmann, Lechinsky, and Schotte (Ber., 1922, 55, 158; 1923, 56, 1052) who give m. p. 91—92° 
and [a]?? +137-9° in water]. 

(b) p-Glucal (1-13 g.) was dissolved in 2-5% methanolic hydrogen chloride (29 c.c.), and the solution 
heated at 60° for 1 hour. The neutralised solution (silver carbonate) was evaporated, leaving a crystal- 
line rae g., m. p. 91—92°), identical with that above (Found: OMe, 17-3. Calc. for C,H,,0,: 
OMe, 17-4%). 

4: 6-Benzylidene a-Methyl-2-deoxy-p-glucopyranoside.—Dry a-methyl-2-deoxy-D-glucopyranoside (4 
g.) and finely powdered anhydrous zinc chloride (3 g.) were shaken together vigorously with freshly 
distilled benzaldehyde (10 c.c.) for 60 hours. The resulting syrup was poured into a mixture of water 
and light petroleum (b. p. 60—80°). The residual syrup was triturated repeatedly with ethanol, where- 
upon 4: 6-benzylidene a-methyl-2-deoxy-p-glucopyranoside was obtained in long colourless needles 
(3-2 g.), > p- eee [a]}? +77° (c, 0-7 in ethanol) (Found: C, 62-8; H, 6-2. Calc. for C,,H,,0,: 
C, 63-1; H, 6-7%). 

Lead Tetra-acetate Oxidations.—(a) aB-Methyl-2-deoxy-p-glucofuranoside (0-0417 g.) was dissolved 
in dry ethanol (25 c.c.) and glacial acetic acid (20 c.c.). Lead tetra-acetate (50 c.c. of a 0-131N-solution 
in acetic acid) was added and the solution was made up to 100 c.c. with glacial acetic acid. The reaction 
was followed titrimetrically and was substantially complete in 3 hours (see Fig. 2), 1 mole of lead tetra- 
acetate being consumed. ° 

(b) The same procedure was carried out using af-methyl-2-deoxy-p-glucopyranoside (0-0438 g.). 
The reaction was complete in 6 hours, 1 mole of lead tetra-acetate being consumed. 

3: 5: 6-Trimethyl aB-Methyl-2-deoxy-p-glucofuranoside.—Sodium (0-8 g.) was added slowly to liquid 
ammonia (80 c.c.), and the mixture stirred vigorously for 44 hours. On completion of the addition, 
the stirring was continued for a further } hour, and then af-methyl-2-deoxy-p-glucofuranoside (1-0 g.) 
was added and the stirring continued. Methyl iodide (6 c.c.) was added at a rate of 2 c.c. per hour, 
and stirring was continued on completion of the addition for a further 4 hour. The ammonia was 
allowed to evaporate off and the residual solid was extracted with chloroform. The extract was dried 
(MgSO,) and then evaporated under diminished pressure, to yield a brown syrup (A) (Found: OMe, 
26-4%). The syrup (A) was re-methylated four times by the same procedure. After the third re- 
methylation it showed OMe, 46-8% and after the fourth re-methylation OMe, 54-6%. 

The experiment was repeated on a larger scale, af-methyl-2-deoxy-p-glucofuranoside (3 g.) being 
methylated four times in liquid ammonia (100 c.c.) with sodium (0-75 g.) and methyl iodide (2-0 c.c.). 
A light-brown liquid (1-8 g.) was obtained which on distillation gave 3: 5 : 6-trimethyl aB-methyl-2- 
deoxy-pb-glucofuranoside as a colourless mobile liquid (0-8 g.), b. p. 110—115° (bath temp.) /0-03 mm., 
ni? 1-4760, [a]?! +56° (c, 1-2 in chloroform) (Found: C, 54:8; H, 9-0; OMe, 56-3. C, 9H, O, requires 
C, 54-6; H, 9-0; OMe, 56-3%). 

3:5: 6-Trimethyl 2-Deoxy-p-glucofuranose.—A solution of 3: 5: 6-trimethyl af-methyl-2-deoxy-pD- 
glucofuranoside (0-5 g.) in 0-005N-hydrochloric acid (30 c.c.) was heated for 2-5 hours at 60° ([a]} 
+52° —» —19°). The solution, neutralised with silver carbonate in the presence of charcoal, was 


’ 
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centrifuged and the liquid evaporated to a small volume. The residue was extracted with chloroform, 
and the extract washed successively with sodium hydrogen carbonate solution and water and dried 
(MgSO,). Evaporation of the solvent yielded a syrup which distilled as a very pale yellow liquid, 
iving 3: 5 : 6-trimethyl 2-deoxy-p-glucofuranose (0-35 g.), b. p. 130° (bath temp.) /0-05 mm., n}® 1-4590, 
at +24° ie 0-73 %) chloroform) (Found: C, 51-9; H, 86; OMe, 44-3. C,H,,0O, requires C, 52-4; 
H, 8:7; OMe, 45-1%). ; 

The above product (0-1 g.) in dry ethanol (2 c.c.) was heated at 80—90° for 8 hours with freshly 
distilled aniline (2 c.c.) in dry benzene (1 c.c.). The water formed was removed by azeotropic distillation 
with the ethanol-benzene. The solution was concentrated under diminished pressure to a syrup, 
which crystallised on trituration with dry light petroleum (b. p. 40—60°) and was 3: 5: 6-irimethyl 
2-deoxy-D-glucofuranose anilide (0-04 g.), m. p. 136—138°, [a PP —19-2° (c, 0-9 in ethanol), [a]}? —52° 
(initial value) —-> —47° (mutarotation still incomplete after 48 hours) (c, 0-8 in dry pyridine) (Found 
C, 63-8; H, 7-8. C,,H,,0,N requires C, 64-0; H, 8-2%). 

3:5: 6-Trimethyl 2-Deoxy-p-gluconolactone.—3 : 5 : 6-Trimethyl 2-deoxy-p-glucofuranose (0-24 g.) 
was dissolved in water (4 c.c.) and oxidised with bromine (6 c.c.). The product, isolated in the usual 
way, was a syrup which was lactonised by being heated for 3 hours at 90°/0-05 mm. Distillation of the 
product gave syrupy 3:5: 6-trimethyl 2-deoxy-p-gluconolactone (0-06 g.) which slowly crystallised 
and then had m. p. 96—97°, [a]?? +12° (c, 0-65 in water) unchanged after 200 hours (Found: OMe, 
45-3. Calc. for CyEi,,0, : OMe, 45-5%) (cf. Gakhokidze, Joc. cit., who records m. p. 98°). 

af-Methyl-2-deoxy-b-glucofuranoside 5 : 6-Monocarbonate.—af-Methy1-2-deoxy-p-glucofuranoside (1-1 
g.) was dissolved in dry pyridine (20 c.c.) at 0°, and the solution stirred vigorously. Carbonyl chloride 
was passed slowly through the solution for 1 hour, the temperature being kept at —5° in order to 
avoid formation of an amorphous mass. The reaction mixture was kept at room temperature 
for 0-5 hour and was then poured into ice-water (200 c.c.) with rapid stirring. The solution was im- 
mediately neutralised with an equivalent of barium carbonate and filtered. The filtrate was extracted 
several times with ethyl acetate, and the extract was washed with water. After being dried (MgSO,) 
the solvent was distilled off, leaving a syrup which did not reduce Fehling’s solution and gave a precipitate 
of barium carbonate on addition of a solution of barium hydroxide. The product was distilled and 
ap-methyl-2-deoxy-D-glucofuranoside 5 : 6-monocarbonate (0-46 g.) was obtained as a colourless syrup, 
b. p. 100° (bath temp.) /0-05 mm., n3? 1-6500, [a]#! +59° (c, 0-82 in water) (Found: C, 46-8; H, 6-4; 
OMe, 15-3. C,H,,0, requires C, 47-0; H, 5-9; OMe, 15-6%). 

2-Deoxy-p-gluconolactone.—2-Deoxy-D-glucose (0-22 g.) was dissolved in water (6 c.c.) and oxidised 
with bromine (1-2 c.c.) at 40° and for 3 days, and the product isolated in the usual way, giving 2-deoxy- 
p-gluconic acid (0-14 g.), m. p. 142—144° (cf. Levene and Mikeska, J: Biol. Chem., 1930, 88, 791, who 
give m. p. 145°). When the acid was heated in a vacuum at 90—100° (bath temp.) for 2 hours it yielded 
2-deoxy-p-gluconolactone (0-08 g.), having m. p. 94—96°, [a]}? +72° (c, 1-0 in water) (Found: C, 44-1; 
H, 6-0. Calc. for C,H,,O,: C, 44-4; H, 62%). Some properties of this lactone are shown in Fig. 3. 


Our thanks are due to the British Empire Cancer Campaign (Birmingham Branch) for financial 
assistance and for the provision of a scholarship for one of us (I. W. H.). One of us (W. G. O.) also 
thanks the Board of the British Rubber Producers’ Research Association for enabling him to take part 
in this work. 
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600. The Influence of Ions on the Activity of Q-Enzyme. 


By G. A. GILBerT and A. J. SWALLow. 


The activity of Q-enzyme solutions is shown to be reduced by dialysis against dilute buffer 
solutions and restored by the addition of salts such as ammonium sulphate and sodium acetate. 
The dependence of the activity on the pH and concentration of solutions of ammonium sulphate 
has been determined. Sodium borate inhibits the enzyme even in the presence of activating 
ions. 


THE nature of Q-enzyme, an enzyme which catalyses the formation of amylopectin from 
amylose, has been discussed recently by Peat, Bourne, and Barker (Nature, 1948, 161, 127). 
A similar or identical enzyme has been reported by Bernfeld and Meutémédian (Helv. Chim. 
Acta, 1948, 31, 1724). Little is known about the mode or kinetics of reactions of Q-enzyme, 
but for some time it has been suspected that it is activated by ions (Peat, Bourne, and 
Rotholz, unpublished work). The same conclusion was drawn from the loss in activity which 
followed dialysis against sodium borate solution during the preparation of the enzyme for 
electrophoretic examination (Mr. A. D. Patrick), and it was considered desirable to study the 
phenomenon in detail. 

Measurement of Q-Enzyme Activity ——The existing method of measurement by the fall in 
light-absorption value of an amylose solution involves the use of amylose which contains salt 
(Bourne, Macey, and Peat, J., 1945, 882). To eliminate this source of possible activators, the 
method was modified by substituting ‘‘ AnalaR ”’ soluble starch for amylose since this, unlike 
amylose, is stable in salt-free solution. 
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When the rate of loss of blue colour was analysed, it was found that, if allowance were made 
for the final absorption value to which the solution tended, the reaction obeyed the first order 
equation dx/dt = —k(x — %,.) or, in its integrated form, 2°30 log(¥ — 4%. )/(%» — %) = —ht, 
where %, *,., and %» are, respectively, the light absorption after time ¢, after the reaction is 
complete, and at ‘ero time. 

Thus in a representative example shown in Figs. 1 and 2 the function log(¥ — x, ) may be 
seen to depend linearly on #, for the three solutions (a), (b), and (c). The velocity constant & 
is proportional to the slope of the line and this in turn is approximately proportional to the 
enzyme concentration as shown below. Within the limits of concentration employed in these 
experiments the activity of the enzyme can therefore be expressed in terms of the velocity 
































Fie. 1. 
The action of Q-enzyme on starch. 
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constant. This is conveniently calculated from the time taken to fall under standard conditions 
to a particular absorption value. 


Q-Enzyme concn. (mg. of dry 
Soln. powder per ml. of digest). 100 (min.~) at 20°. 100k /enzyme concn. 
(a) 1-4 4-74 3-4 
(b) 2-9 9-05 3-1 
(c) 4:8 16-3 3-4 


Examination by Dialysis.—The detection of ionic activators was first attempted by complete 
dialysis against distilled water, but Q-enzyme was found to be insoluble and denatured at the 
low ionic strengths attained. To avoid this trouble, dilute buffer solutions were substituted 
for the distilled water, the first buffer chosen being sodium borate, since the electrophoretic 
experiments had indicated that borate did not activate the enzyme. No success was achieved, 
however, for, although the activity disappeared, it could not be restored by the addition of the 
ions present in the original active solution of the enzyme. A separate measurement was made 
of the activity lost through adsorption on the dialysis membrane. After the addition of 
concentrated sodium borate to.an active solution of enzyme had been shown to cause complete 
loss of activity, it was clear that sodium borate deactivated the enzyme and was not a suitable 
medium for dialysis. Phosphate could not be used because the Q-enzyme in these experiments 
contained traces of P-enzyme, which in the presence of phosphate would have interfered with 
the activity measurements. 

Sodium acetate solution was chosen for the next experiment, and in this no loss in activity 
was recorded, beyond that shown to be due to a considerable adsorption of the enzyme by the 
‘‘Cellophane” membrane. It wasconcluded that either Q-enzyme requires no activator or sodium 
acetate can function assuch. Ina further attempt to remove all activators and so differentiate 
between these possibilities, dialysis was carried out against glycine in the expectation that this 
would not be an activator, but the enzyme was precipitated. The precipitate was soluble in 
ammonium sulphate to give an active solution, suggesting that ammonium sulphate is an 
activator or again that no activator is required. 
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The next experiment was more conclusive, for, when very dilute ammonium sulphate 
solution was used as the medium, a considerable loss in activity occurred without precipitation 
of the enzyme, and on addition of concentrated ammonium sulphate or sodium acetate 
solution to the dialysed solution the activity increased sharply. The dependence of activity 
on salt concentration was then studied with the result shown below : 


log (ionic strength) — ...........0ccsssccossseoes 1-60 5-64 3-90 
SEE GE WE” asciocecesetsscochcoveseusaccdsonece 5-30 3-50 1-92 


This leaves no doubt that ammonium sulphate activates Q-enzyme, provided that the effect 
is not due to a displacement of the pH-activity curve with change of ionic strength (cf. Sumner 
and Somers, ‘‘ Chemistry and Methods of Enzymes,” 2nd Edn., 1947, p. 18). pH-activity 
curves were therefore determined for ammonium sulphate at two ionic strengths, and the 
results shown in Fig. 3 confirm that true activation is occurring. 


Fic. 2. 
The dependence of log(x — %,,) on the Fic. 3. 
time of reaction. Dependence of activity on pH. 
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© Ionic strength 0-4. 
x Ionic strength 0-008. 


















































Besides sodium acetate and ammonium sulphate, ammonium chloride was shown to be an 
activator, and further experiments by Barker, Bourne, Peat, and Wilkinson (in the press) 
prove that sodium citrate and sodium phosphate can function in the same way. Thus it seems 
that ionic strength, rather than a specific action by the ions present, controls the activity, 
although the deactivating effect of sodium borate shows that specificity can play some 


It is evident from these results that for comparing different preparations of Q-enzyme their 
activity should be measured under conditions such that the salt concentration is high enough 
for small variations in the salt content of the protein and amylose to be immaterial. Within 
the concentration limits for which the first order equation holds, the value of the velocity 
constant for unit concentration of protein (1 mg. per ml. of digest) is then a measure of the 
purity of the enzyme preparation. 


EXPERIMENTAL, 


Preparation of Q-Enzyme.—The directions of Barker, Bourne, and Peat (this vol., p. 1705) were 
followed for the preparation of the dried enzyme. 

Estimation of Activity—Q-Enzyme solution (1 ml.) was mixed with the selected buffer solution 
(1 ml.) and incubated at 20° with a solution of ‘“‘ AnalaR’’ soluble starch (0-5 ml.). After suitable 
intervals, 0-5-ml. samples were withdrawn and added to 50 ml. of a solution containing 1 mg. of iodine 
and 10 mg. of potassium iodide. The light absorption was measured with a Hilger Spekker 
Absorptiometer (Ilford Gelatine Spectrum Filter No. 608). Usually the starch concentration was such 
that the initial reading was about 0-8. 
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Dialysis Experiments.—Sodium borate. Q-Enzyme (0-3 g.) was dissolved in 0-01m-sodium borate 
solution, pH 6-74 (25 ml.), and divided into three equal parts. One was dialysed through “ Cellophane -v 
against 0-01m-borate solution (41.) for 40 hours at 0°, another was left in contact with “Cellophane” of the 
same dimensions, and the third was retained as a control. The velocity constant for the control was 
2-5 x 10-® min.-, that of the second solution was 0-9 x 10 min.“', and the dialysed enzyme had no 
detectable activity. No activity could be restored by adding boiled Q-enzyme solution. A further 
attempt to restore the activity was made by adding the diffusible ions obtained by dialysing Q-enzyme 
against a small volume of sodium borate. This led to no activation. 

Sodium acetate. The above experiment was repeated using 0-01m-sodium acetate solution, pH 7-18, 
The velocity constant of the control was 6-8 x 10-? min.“! and that of the second solution 1-6 x 107 min 
and the dialysed enzyme retained activity equal to 1-6 x 10-* min... . 

Glycine. -Enzyme (0-4 g.) was dissolved in 0-05m-glycine solution, pH 7-03 (10 ml.), and dialysed 
overnight at 0° through “Cellophane” against more of the glycine solution (4 1.), and then for a further 
24 hours against fresh glycine solution (41.). The enzyme was found to be precipitated in the dialysing 
bag. It was resuspended by shaking, and the suspension (1 ml.) was dissolved with M-ammonium 
sulphate, pH 7-05 (1 ml.), and incubated with starch solution (0-5 ml.). Its velocity constant was 
7X 10? min. 

Ammonium sulphate. Q-Enzyme (0-1 g.) was dissolved in 0-01mM-ammonium sulphate solution, 
pH 7-11 (10 ml.), and dialysed overnight at 0° against more ammonium sulphate (41.). The dialysate 
was diluted with 0-01mM-ammonium sulphate (20 ml.), and its activity found to be 0-39 x 10 min, 
The ionic strength of the ammonium sulphate in the digest was 0-012. A further digest was prepared 
in which the ionic strength of the ammonium sulphate was 1-2. The corresponding activity was 
1-4 x 10% min. A third sample of the enzyme in the dilute ammonium sulphate solution was then 
used to prepare a digest containing sodium acetate of ionic strength 0-4. The activity was 
1-1 X 10? min. 

Another sample of Q-enzyme was dialysed under similar conditions, and the velocity constant 
measured in the presence of ammonium sulphate of three concentrations to give the results shown in 
the second table (p. 2851). 

Q-Enzyme (0-4 g.) was dissolved in 0-01M-ammonium sulphate, pH 6-68 (10 ml.), and dialysed against 
more ammonium sulphate at 0° with two changes of dialysing medium. Activities were then measured 
in the presence of ammonium sulphate (to which ammonia had been added) of ionic strength 0-4 at 
five pH values (5-67 to 8-00). The curve is shown in Fig. 3. A similar experiment was carried out at 
ionic strength 0-008. The results are shown in the same figure. 


We are indebted to Professor S. Peat, F.R.S., Dr. E. J. Bourne, Mr. S. A. Barker, and Mr, I. Wilkinson 
for samples of Q-enzyme, and acknowledge a grant from the Dunlop Fund towards the expenses of the 
investigation. 


THE UNIVERSITY, BIRMINGHAM. [Received, March 7th, 1949.]} 





601. The Senecio Alkaloids. Part V. The Structure of Senecic 
Acid. 


By Meyer Kropman and FRANK L. WARREN. 


Senecic acid, C,,.H,,O;, is a monohydroxy-dicarboxylic acid containing three C-alkyl groups 
and one ethylenic bond. The hydroxy-group is in the. a-position to one carboxylic group and 
in the $-position to the other. Light-extinction curves show senecic acid to be an 
af-unsaturated acid, whilst ozonolysis to give acetaldehyde establishes the presence of an 
ethylidene group. 

Senecic acid gave by oxidative degradation f-methyl-levulic and methylsuccinic acid. 
Reduction to dihydrosenecic acid, followed by oxidation with, successively, lead tetra-acetate 
and sodium hypobromite, yields a-methyl-y-ethylglutaric acid. 

Senecic acid is therefore 2-hydroxy-3-methylhept-5-ene-2 : 5-dicarboxylic acid (I; X = H). 
The structure is similar to that found previously by Christie, Kropman, Novellie, and Warren 
(this vol., p. 1703) for isatinecic and retronecic acid which are thus the cis- and trans-forms of 
hydroxysenecic acid (I; X = OH). 


SENECIC ACID LACTONE, C,9H,,0,, was first obtained pure under the name of platynecic 
acid by Orékhov and Tiedebel (Ber., 1935, 68, 650). Barger and Blackie (J., 1936, 743) 
obtained this lactone from the hydrolysis of senecionine and called it “ senecic acid,” which 
they stated was an unsaturated lactonic acid (readily reduced to ‘ dihydrosenecic acid,” 
C,9H,,O,) and contained three C-alkyl groups. De Waal (Onderstepoort J. Vet. Sci. Animal 
Ind., 1940, 15, 241) obtained “‘ senecic acid ” from rosmarinine and showed that it was identical 
with platynecic acid, an observation later confirmed by Richardson and Warren (J., 1943, 
453). Manske (Canad. J. Res., 1939, 17, 1) pointed out that the unsaturated centre was 
present as an ethylidene group because acetic acid was obtained by oxidation with alkaline 
potassium permanganate. Developing the concept of Barger and Blackie (loc. cit.) that the 
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“ necic ’’ acids were terpene acids, and assuming that their nitric acid oxidation product was a 
paraconic acid, Manske (loc. cit.) put forward two y-lactone structures for senecic acid. 


(IV.) CO,H-CH,-CHMe-CO,H <— CO,H-CH,CHMe-COMe (III.) + CO, 
Me-CHO + CO,H-CO-CH,*CHMe-CMe(OH)-CO,H_ (IL.) 
CHMe’C(CO,H)-CH,*CHMe-C(OH)(CO,H)‘CH,X (I) 
CO,H-CHEt-CH,-CHMe-CMe(OH)-CO,H_ (V.) 


(VII.) CO,H*CHEt-CH,-CHMe-CO,H <— CO,H*CHEt-CH,-CHMe-COMe (VI.) + CO, 


Richardson and Warren (loc. cit.) obtained senecic acid as a hydroxy-dicarboxylic acid, 
Cy9H,,O;, as well as its lactone, and since both showed considerable stability it is reasonable to 
assume that the hydroxyl group is in the 8-position to one of the carboxyl groups. We have 
now shown that senecic acid gives a yellow colour with dilute ferric chloride (cf. 
Mitchell, Weinstock, Snell, Stanbery, and Williams, J. Amer. Chem. Soc., 1940, 62, 1776; Berg, 
Bull. Soc. chim., 1894, [iii], 11, 883) so that the hydroxyl group must be in the «-position with 
respect to the other carboxyl group. 

Since the acetic acid obtained by Manske (loc. cit.) might have been derived by the oxidation 
fission at the hydroxyl group we sought to establish the position of the ethylenoid linkage by 
ozonolysis. Acetaldehyde, identified by condensation to ethylidenedi-$-naphthol, was obtained 
as a volatile product, and thus the presence of the ethylidene group was established. Further- 
more this grouping exists as an «f-unsaturated acid in that the ultra-violet extinction curve 
for senecic acid in water showed Ay ax, at 215 my. with ¢,,,,. 4140. 

These deductions, together with the observations of Barger and Blackie (loc. cit.) that 
senecic acid contains three C-alkyl groups, which we have confirmed, fit formula (I; X = H) 

-for senecic acid. To establish this, senecic acid was subjected to stepwise oxidation. 

Senecic acid was ozonised, and the fission product, presumably (II), treated with lead tetra- 
acetate in aqueous solution (cf. Baer, J. Amer. Chem. Soc., 1940, 62, 1597) whereupon, as 
expected for an a-hydroxy-acid, carbon dioxide was evolved and §-methyl-levulic acid (III) 
was obtained as an oil. With the small quantity available, this acid (III) was not isolated 
pure. It showed with dinitrobenzoic acid the characteristic violet coloration of methyl ketones, 
and oxidation with sodium hypobromite gave bromoform and methylsuccinic acid (IV), m. p. 
103°, undepressed when mixed with an authentic specimen of the (+)-acid. The available 
quantity did not permit the measurement of the specific rotation. It is almost certainly dextro- 
rotatory since the methylsuccinic acid, obtained from isatinecic acid which contains the same 
basic structure as senecic acid (see below), gave a hydrogen strychnine salt, m. p. 186° (Christie, 
Kropman, Novellie, and Warren, this vol., p. 1703), and has now been shown to have [«]}}? 9°51° 
(c, 1 in water) (cf. Ladenberg, Ber., 1896, 29, 1254). 

Our experience with both the (+)- and the inactive methylsuccinic acid shows that the 
melting points vary considerably. When crystallisation was slow the high recorded melting 
points were obtained; but when crystallisation was more rapid the melting point was never 
above 103° (uncorr.). 

Methylsuccinic acid could have been formed under the same conditions from «-methyl- 
levulic acid and, to establish conclusively structure (I; X = H) for senecic acid, an additional 
degradation was carried out. Senecic acid was reduced catalytically to dihydrosenecic acid 
(V) which was not isolated but was oxidised directly with lead tetra-acetate (cf. Baer, loc. cit.) 
in aqueous solution to give 6-keto-5-methylheptane-3-carboxylic acid (VI), b. p. 120°/0°01 mm. 
This showed the characteristic reactions of methyl] ketones but owing to the small quantity 
available was not further characterised; on oxidation with sodium hypobromite it gave 
bromoform and the oily acid (VII) which was characterised as its imide, m. p. 118—119°. This 
imide showed no depression on admixture with cis-a-methyl-y-ethylglutarimide previously 
obtained by Christie et al. (loc. cit.) from the oxidation of dihydroretronecic and dihydroisatinecic 
acids. A mixture with an authentic specimen of the (+)-imide (m. p. 109—113°) kindly 
supplied by Dr. H. N. Rydon (J., 1936, 1444) showed an intermediate melting point. 
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These observations confirm the structure of senecic acid as 2-hydvoxy-3-methylhept-5-ene- 
2 : 5-dicarboxylic acid (I; X = H). It bears a close similarity to the structures previously put 
forward by Christie e¢ al. (loc. cit.) for isatinecic and retronecic acids which were represented 
as cis- and trans-isomers of (I; X = OH). The concept of Barger and Blackie (loc. cit.) that 
the C,, acid fission products of the Senecio alkaloids were examples of terpene acids is fully 
justified. 

The acid, C,H,O,, m. p. 142°, obtained by Barger and Blackie (loc. cit.) by oxidation of 
senecic acid with nitric acid is probably the lactide of dimethylmalic acid, C,,H,,O,. This 
oxidation product together with the geometric configuration of senecic acid is at present under 
investigation in these laboratories. 


EXPERIMENTAL, 


Senecic Acid.—The material was obtained from S. adnatus D.C. by the method previously described 
(J., 1943, 453). Kuhn-Roth determination was made on senecic acid lactone (Found: CH,, 22-6, 
Calc. for CyH,,0O,: 3CH;, 23-3%). 

Ozonisation of Senecic Acid.—Senecic acid (1 g.) in ethyl acetate was ozonised at 0°. The viscous 
ozonide obtained by removal of the solvent was warmed with water in a current of carbon dioxide, and 
the gas passed into £-naphthol in acetic acid containing a drop of hydrochloric acid. The solution on 
warming and cooling gave ethylidenedi-8-naphthol, m. p. 173°, undepressed on admixture with authentic 
specimen. 

Methylsuccinic Acid.—Senecic acid (1 g., 1 mol.) was ozonised and decomposed as above and the 
aqueous solution treated with lead tetra-acetate (6 g., 3 mols.) whereupon carbon dioxide was evolved. 
The lead was precipitated with sulphuric acid, and the ethereal extract gave B-methyl-levulic acid as 
an oil which gave a purple colour with dinitrobenzoic acid and reacted with sodium hydrogen sulphite 
(as shown by iodometric titration). The oil, dissolved in excess of sodium hydroxide, was treated 
dropwise at 0° with a slight excess of sodium hypobromite; bromoform separated. The solution was 
treated with excess of sodium hydrogen sulphite. The ethereal extract gave a solid, which, crystallised 
from benzene-ether (1:1), gave methylsuccinic acid (50 mg.), m. p. 103°, undepressed by an authentic 
specimen of the (-+-)-acid. 

6-Keto-5-methylheptane-3-carboxylic Acid.—Senecic acid (1 g., 1 mol.) in water was hydrogenated in 
the presence of Adams’s catalyst, 1 mole of hydrogen being smoothly absorbed The filtered solution 
was treated with lead tetra-acetate (4 g., 2 mols.) and heated on a water-bath; carbon dioxide was 
evolved during 1 hour (Observed: CO,, 97-6 ml. at S.T.P. Calc. for CypH,,0,: 1 CO,, 104 ml.) after 
which sulphuric acid was added. The ethereal extract gave a yellow oil which, distilled 4 times at 
120°/0-01 mm., gave 6-keto-5-methylheptane-3-carboxylic acid as a colourless oil (Found: C, 61-9; H, 
9-30%; equiv., 171-2, 175-6. C,H,,O, requires C, 62-8; H, 92%; equiv., 172-2). It gave a purple 
colour with dinitrobenzoic acid. 

cis-a-Methyl-y-ethylglutarimide.—The foregoing acid (0-7 g.) in water was treated at 0° with excess 
of sodium hypobromite and allowed to warm to room temperature, whereupon bromoform separated. 
Excess of sodium hydrogen sulphite was added and the acid solution extracted with ether. The extract 
gave an oily acid which was treated with acetyl chloride at 100°, and then, after the excess of reagent 
had been removed, heated at 200° with urea. The product was made alkaline with sodium hydrogen 
carbonate. The ethereal extract gave a solid, which, crystallised from light petroleum, gave long 
needles of cis-a-methyl-y-ethylglutarimide, m. p. 118—119°. The m. p. was undepressed when the 
imide was mixed with the specimen obtained by us from the oxidation of retronecic acid (loc. cit.). On 
admixture with an authentic specimen of the (+)-imide (m. p. 109—113°) kindly supplied by 
Dr. H. N. Rydon (J., 1936, 1444), it melted at 112—117°. The quantity available did not permit the 
determination of [a]. 


The authors thank the S. African Council for Scientific and Industrial Research for a research 
fellowship to one of them (M. K.). 
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602. 4:4’- and 2: 4’-Dihydroxydiphenyl Sulphones. 
By Lronarp E. Hinxer and G. H. RALPH SUMMERS. 


The formation of sulphones from phenol, hitherto accomplished by means of fuming sulphuric 
acid, is achieved more readily by the use of ordinary concentrated acid. The yield of the 2 : 4’-di- 
hydroxy-isomeride is increased thereby. A new method has been devised for the separation 
of 4: 4’- and the 2: 4’-dihydroxy-isomerides, which have now been obtained in a pure state. 


Ir is well known that phenol readily reacts with concentrated sulphuric acid yielding a mixture 
of the corresponding o- and p-sulphonic acids, the former preponderating at ordinary temperatures 
whilst at 100° the latter is the main product (Kekulé, Z. Chem., 1867, 197; Ber., 1869, 2, 330; Post, 
Ber., 1875, 8, 1547; Obermiiller, Ber., 1907, 40, 3637; 1908, 41, 698). In a publication (J. pr. 
Chem., 1942, 160, 41) containing all the appropriate references, Machek and Haas recalled that 
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Zehntner and Fauser (ibid., 1927, 112, 233) by treating a slight excess of phenol with fuming 
sulphuric acid at 180—190° had obtained 4 : 4’-dihydroxydiphenyl sulphone, m. p. 239°, together 
with a very small quantity of an isomeride, m. p. 173°—174°. Machek and Haas (loc. cit.), ina 
repetition of the above work, not only raised the melting point of the 4 : 4’-isomeride but also 
established the second product as the 2 : 4’-isomeride, m. p. 186°. 

It is now shown that a somewhat similar result can be obtained by using ordinary sulphuric 
acid instead of the fuming. Under this condition a crude product is obtained, which contains 
less tarry matter and a larger proportion of the 2 : 4’-isomeride. 

Machek and Haas consider that the sulphones result through the union of two molecules of 
the first-formed phenolsulphonic acids with the elimination of a molecule of sulphuric acid : 


 9-OH-C,H,SO,H + ~-HO,S-‘C,HyOH —> 0-OH'C,H,SO,-C,H,OH-p + H,SO, 


They apparently overlooked that they employed slightly more than two molecules of phenol 
per molecule of sulphuric acid. In these circumstances, it seems more reasonable to regard 
sulphone formation as the reaction of the phenolsulphonic acids with the excess of phenol 
(this reaction is recorded in B.P. 471,010 and U.S.P. 2,122,958) : 


p-OH-C,H,SO,H +C,H,OH —> (p-OH-C,H,),SO, + H,O 


Furthermore, it appears from the present investigation that the phenol-o-sulphonic acid lends 
itself more readily than the phenol-p-sulphonic acid to sulphone formation, for whereas some of 
the latter has been found in the aqueous filtrates no o-acid has been detected. 

The small yield (4—5%) of the 2 : 4’-isomeride formed in the reaction with fuming sulphuric 
acid without temperature control is to be expected owing to the initial evolution of heat, which 
favours p-sulphonation by raising the temperature. If, when employing ordinary concentrated 
sulphuric acid, the temperature be first raised from that of the room to 165° and then quickly 
to 190—200°, or, if the reaction mixture is kept at 25—30° for several days and then quickly 
heated to 190—200° and maintained at this temperature for many hours, the yield of the 
2: 4’-isomeride in the resulting product is raised to approximately 16 and 24%, respectively. 

It is remarkable that, although the 4: 4’- and the 2: 4’-dihydroxydiphenyl sulphones are 
both insoluble in benzene, they both yield well-defined crystalline compounds containing one 
molecule of benzene if benzene is added to a concentrated solution of the sulphone in acetone. 
From these compounds the benzene is not removed in vacuo but it is removed by heating them 
at 120°. The benzene is also readily liberated by boiling the compound with water or by simple 
evaporation to dryness with alcohol. 

Owing to the great difference in the solubilities of these benzene compounds in a mixture of 
acetone and benzene, the less soluble 4 : 4’-derivative can readily be separated from the more 
soluble 2: 4’-isomeride. In this manner both isomerides have now been obtained in a pure 
state, the 4: 4’- and the 2: 4’-dihydroxydiphenyl sulphones melting at 249°5° and 186°7° 
respectively. 

Previous investigators give the melting point of the 4: 4’-dihydroxydiphenyl sulphone 
prepared by the sulphonation of phenol as 239°, 243°, and 245°, and that for the 2 : 4’-isomeride 
similarly prepared as 173—174°, 183—184°, and 186°. It is not surprising that they did not 
obtain these compounds pure since they tried to separate the preponderating 4 : 4’-isomeride 
from the small amount of less soluble 2 : 4’-isomeride by fractional crystallisation from water. 
Mauthner (Ber., 1906, 39, 1351) gives the melting point of the synthetic 4: 4’-compound as 
245—246°, and Machek and Haas (loc. cit.) record m. p. 183—184° for the synthetic 
2: 4’-isomeride. 

EXPERIMENTAL. 
(M. p.s were determined on a standardised thermometer.) 

Sulphuric acid 98% (13 c.c., 1 mol.) was added to phenol (53 g., 2-5 mols.) contained in a distilling 
flask fitted with a thermometer dipping into the reaction mixture and a receiver attached to the side-arm. 
The temperature of the mixture was quickly raised to 165° and maintained there for 6 hours during 
which some water was evolved. The temperature was then maintained at 195—200° for a further 
6 hours during which more water and a little phenol distilled. Whilst still molten, the contents of the 
flask were poured into water and steam-distilled to remove the excess of phenol. Sufficient boiling water 
was added to effect complete dissolution. The solution was decolorised with charcoal, filtered, and left 
to cool, whereupon a mass of crystals separated (43 g.). Concentration of the aqueous filtrate to a very 
small bulk gave a further yield of crystals, m. p. ca. 170° (6 g.) (total yield, 49 g., 86%). The product 
consists of 4 : 4’-dihydroxydipheny] sulphone containing approx. 16% of the 2: 4’-isomeride. The two 
isomerides were separated as described later. . 

If, in the above experiment, the initial mixture was kept at 25—30° for 3 days before being heated 
as described above, the yield of sulphones was 78% and they contained approx. 24% of the 2: 4’-isomeride. 
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The final aqueous filtrate from the sulphones was neutralised with aqueous ammonia and concentrated - 
a slight excess of a warm saturated aqueous solution of p-toluidine hydrochloride was added. On 
cooling, p-toluidine phenol-p-sulphonate separated; this crystallised from aqueous alcohol in prismatic 
crystals, m. p. 211°, unchanged by admixture with an authentic specimen (Found: N, 4-9; S, 1]-] 
C13H,,0,NS requires N, 5-0; S, 11-3%). : 

Separation of the Isomers.—The well-dried crude product was dissolved in the minimum quantity of 
boiling acetone. Warm benzene (twice the volume of acetone used) was then added and the mixture 
set aside overnight in a cool place. A considerable quantity of solvate was deposited as prismatic crystals 
(A). These were removed and heated to 120° to remove the combined benzene (Found : loss on heating 
23-9. C,,H»0,S,C,H, requires CgH,, 23-8%). The resulting 4 : 4’-dihydroxydiphenyl sulphone, which 
melted at 246—247°, still contained traces of the 2 : 4’-isomeride and was again subjected to the acetone- 
benzene treatment. The crystals so obtained were added to boiling water, whereupon they dissolved 
with brisk evolution of benzene. The aqueous solution on cooling yielded 4 : 4’-dihydroxydiphenyl 
sulphone as very long needles, m. p. 249-5°. Further similar treatment with acetone—benzene did not 
raise the m. B; The dimethoxy-derivative, prepared in the usual manner and crystallised from alcohol 
melted at 132° (Machek and Haas give m. p. 130-5°). The dibenzoate, prepared in the usual way, crystal- 
lised from alcohol in needles, m. p. 248:5° (Found: C, 68-3; H, 4:05; S, 7-0. C.,H,,0,S requires 
C, 68-1; H, 3-9; S, 7-0%). 

The acetone-benzene filtrates from (A) in the above process were mixed and concentrated to about 
two-thirds of their volume. When the solution was kept overnight in a cool place, a further crop of 
crystals was obtained, consisting of a mixture of the two isomerides which were separated through the 
benzene adduct as previously described. The filtrate from these crystals was concentrated to a small 
bulk, and the semi-solid mass obtained on cooling was drained and washed with acetone-benzene (1 : 4), 
The crystals were decomposed by boiling water and then dissolved completely. On cooling, the 
2 : 4’-isomeride was deposited as small needles. After several crystallisations from boiling water, it was 
obtained free from the last traces of the more soluble 4 : 4’-isomeride and melted at 186:7°. The product 
obtained by Machek and Haas (loc. cit.) from the sulphonation mixture and also by synthesis melted at 
183—184° but they obtained a specimen from the mixture, by sublimation in vacuo, which had m. p. 186°. 
The dimethoxy-derivative, prepared in the usual manner, melted, after crystallisation, at 125-5° (Machek 
and Haas give m. p. 124—125°). The dibenzoate crystallised from alcohol in fine needles, m. p. 185-5° 
(Found: C, 68:3; H, 4-0; S, 7-0%). 


The authors express their gratitude to Professor C. W. Shoppee for granting facilities for this 
investigation. 


UNIVERSITY COLLEGE, SWANSEA. (Received, July 5th, 1949.) 





603. The Reactions of Fluorocarbon Radicals. Part I. The Reaction 
of Iodotrifluoromethane with Ethylene and Tetrafluoroethylene. 


By R. N. HAszELpINE. 


The polymerisation reaction between iodotrifluoromethane and ethylene yields new com- 
pounds of the type CF,*[CH,°CH,],°I (x = 1, 2, and 3). These fluoroiodides have been used to 
synthesise the mercurial 3 : 3 : 3-trifluoropropylmercury iodide, CF,°CH,°CH,*Hgl, and 1 : 1 : 1-tri- 
fluoro-hydrocarbons of the general formula CF;*(CH,],°CH, (” = 1 and 3). New short-chain 
tetrafluoroethylene polymers of the general formula CF,*(CF,°CF,],°I (x = 1—10) have been 
obtained by the reaction of iodotrifluoromethane with tetrafluoroethylene, and some members 
of the series have been isolated. 


THERE is already some evidence for the existence of the free trifluoromethyl radical (Haszeldine 
and Emeléus, Research, 1948, 1, 715). The experiments now described show that this radical, 
produced photochemically or thermally from iodotrifluoromethane, is able to bring about the 
polymerisation of ethylene or tetrafluoroethylene. The reactions were of an unusual type and 
yielded addition polymers of the general formule CF,*(CH,°CH,],°I and CF,-[CF,°CF,],‘I, 
respectively. lodotrifluoromethane and ethylene underwent no reaction in the dark at room 
temperature. When irradiated in quartz or Pyrex-glass vessels, however, there was a slow but 
quantitative reaction, the main product being 3-iodo-1 : 1 : 1-trifluoropropane, though in addition 
5-iodo-1 : 1 : 1-trvifluoropentane was isolated. A crystalline solid formed in traces during the 
reaction was possibly 7-iodo-1 : 1 : 1-trifluoroheptane. With optimum conditions no by-products 
were formed during this reaction. 

Mercury catalysed the photochemical reaction between iodotrifluoromethane and ethylene, 
but, since the catalytic effect was observed when Pyrex-glass as well as silica reaction vessels were 
used, it is unlikely to be due to photosensitisation involving mercury-resonance radiation. 
Traces of mercury iodides were formed and it appears that the catalytic effect is related to the 
prevention of primary recombination of the CF; radical and the iodine atom by the reaction of 
mercury with iodine. 
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The purely thermal reaction between iodotrifluoromethane and ethylene occurred rapidly 
and without side-reactions above 200°, the product being similar to that from the reaction 
initiated by light. Mercury again acted as a catalyst and lowered the minimum temperature for 
complete reaction by 20—30°. 

The reaction mechanism suggested is as follows : 

(1) CF,I + hv = CF, + <I 
(2) CF;* + CH,:-CH, = CF,°CH,°CH, (chain initiation) 
(3) CF,-CH,‘CH, + CH,:CH, = CF,-CH,-CH,CH,’CH,’, etc. (chain propagation) 
(4) CF,°CH,°CH,° + CF,I = CF,°CH,°CH,I + CF;: 
or  CF,CH,CH,CH,CH,: + CF,I = CF,yCH,-CH,CH,’CH,I + CF, (chain termination) 


An unusual chain termination reaction is postulated to explain why the polymer molecules 
all contain terminal iodine atoms and why molecular iodine is liberated only in traces during the 
reaction. Chain termination by the combination of a radical with an iodine atom 


CF,-CH,CH, + ‘I = CFyCH,'CH,I, ete. 


cannot be of major importance since the quantum yield in the irradiation of iodotrifluoromethane 
is very small (unpublished observation by Miss J. Banus), so that at any instant the concentration 
of iodine atoms and trifluoromethyl radicals is low, and the probability of a growing radical 
chain encountering and combining with an iodine atom to the complete exclusion of a trifluoro- 
methyl or other radical is small. Compounds of the type CF,*(CH,*CH,],°CF, have not been 
detected in the reaction product. Furthermore, chain termination by the disproportionation of 
two trifluoropropy] radicals 


CF,°CH,-CH, + CF,CH,CH, = CF,CH,°CH, + CF,-CH:CH, 


or by hydrogen abstraction does not occur under the optimum conditions. 
_ The peroxide-initiated addition of carbon tetrachloride to ethylene to yield products 
containing 1—4 ethylene units per molecule (Joyce, Hanford, and Harmon, J. Amer. Chem. Soc., 
1948, 70, 2529) and also a number of reactions studied by Kharasch and his co-workers, such as 
the peroxide-initiated addition of carbon tetrachloride to octene (Kharasch, Jensen, and Urry, 
ibid., 1947, 69, 1100), appear to proceed by similar mechanisms, although the conditions and 
method of initiation are different. 

Although an ionic mechanism involving a trifluoromethyl anion would readily explain the 
nature of the products obtained by the polymerisation of iodotrifluoromethane and ethylene: 


CF,I = CF,- + I+ 
CF,- + CH,CH, = CF,-CH,’CH,-, etc. 
CF,CH,CH,~ + CF,I = CF,CH,-CH,I + CF,-, etc. 


it is considered unlikely that a heterolytic bond fission occurs in these vapour-phase reactions. 

Under the conditions used for the reaction between iodotrifluoromethane and ethylene, the 
main products, 3-iodo-1: 1: 1-trifluoropropane and 5-iodo-1: 1: 1-trifluoropentane, did not 
undergo a further reaction with ethylene to yield higher members of the polymer series. When 
irradiation was continued for several days or when the temperature was raised above 240°, 
particularly in the presence of mercury, the C-I bond in the iodofluoro-propane and -pentane was 
broken and molecular iodine (or mercuric iodide) was formed. The fluoro-hydrocarbon radicals 
underwent reaction as follows : 


CF,CH,°CH,I = CF,-CH,-CH,: + «I 
I'+I=1, 
CF,CH,CH,’ + RH = CF,‘CH,‘CH, + R;, etc. 


RH was a compound containing hydrogen, probably ethylene, since no fluoropropene or 
fluoropentene was detected. In this manner 1:1: 1-trifluoropropane and 1: 1: 1-triflvoro- 
pentane were isolated. The combination of two trifluoropropyl radicals to yield hexafluoro- 
hexane did not occur. Since the proportion of the fluoropentane in the final product was 
greater than that of the corresponding iodofluoride in the initial polymer, it was evident 
that the chain-propagation reaction of the trifluoropropyl radical with ethylene took place 
to an appreciable extent, leading to a slow conversion of the polymer from iodotrifluoro- 
methane and ethylene into fluoro-hydrocarbons of the general formula CF,*[CH,],°CH, where 
n is odd $ , 


CF,CH,CH, + CH,ICH, —> CF,CH,CH,CH,CH, —> CF,-CH,-CH,CH,CH,, etc. 
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There was some evidence for the presence of the compound where m = 5, and doubtless a further 
study of the reaction will lead to the synthesis of higher members of both series. 

When the polymer formed initially from iodotrifluoromethane and ethylene was caused to 
react with excess of ethylene in the presence of mercury, the white crystalline compound 
3:3: 3-trifluoropropylmercury iodide, CF,-CH,°CH,*HgI, was produced in small yield. This 
provides further supporting evidence for a radical-reaction mechanism. 

The reaction of iodotrifluoromethane with tetrafluoroethylene was of interest because, 
although the latter polymerises readily to inert polymers of high molecular weight, no method 
has so far been found for producing short-chain polymers. The reaction was found to give 
short-chain polymers containing a terminal iodine atom, which, by reaction with chlorine or a 
fluorinating agent, could be converted into inert oils and greases. As in the case of ethylene, the 
reaction was initiated either by irradiation at room temperature or by heat. Mercury had 
little effect on the reaction. The main product was a white solid, but small amounts of a liquid 
product were formed which, when treated with excess of tetrafluoroethylene, yielded the solid 
polymer. From the liquid product the compounds 1-iodoheptafluoropropane and 1-iodoundeca- 
fluoropentane were isolated. The mechanism postulated is 


CF,I + hy = CF, +1 
CF, + CF,:CF, = CF,-CF,’CF,°, etc. 
CF,CF,°CF,° + CF,I = CF,-CF,-CF,I + CF, 


The liquid iodofluorides formed from tetrafluoroethylene, unlike those formed from ethylene, 
show properties very similar to those of iodotrifluoromethane itself, and readily undergo further 
reaction with the olefin to yield solid products. 

The white solid reaction product from iodotrifluoromethane and tetrafluoroethylene could 
consist either of straight-chain fluorocarbons of the type CF,°[CF,°CF,],"CF, formed by the 
combination of two fluorocarbon radicals, or of iodo-compounds of the type CF;,°(CF,CF,],,I. 
The lower members of the fluorocarbon series where = 2, 3, and 4 are liquids with boiling 
points of 52°, 104°, and 144°, respectively (Haszeldine, unpublished results). These liquids were 
not present in the reaction product and it is therefore likely that the solid product (which contained 
iodine), like the liquid, consists of iodofluorides of the type CF,*[CF,°CF,],,*I. With this 
assumption, the chain length m may be determined by analysis, since chain branching 
necessitating a C-F bond fission is unlikely. From the solid product ether extraction gave on 
this basis products represented by formule between CF,°[CF,°CF,],°I and CF,*(CF,°CF,],9‘I. 
The insoluble material, which also contained iodine, was of longer chain length. 

Further experiments, to be described later, indicate that the control of reaction conditions 
will lead to satisfactory yields of the lower iodofluorides. It has also been found that iodo- 
pentafluoroethane (Banks, Emeléus, Haszeldine, and Kerrigan, J., 1948, 2188) reacts similarly 
with ethylene and tetrafluoroethylene, and that trifluoromethyl or pentafluoroethy] radicals 
derived from bistrifluoromethylmercury and bispentafluoroethylmercury (Emeléus and 
Haszeldine, forthcoming communication) will initiate the polymerisation of olefins. In the 
case of iodopentafluoroethane the polymers contain an even number of carbon atoms, so that 
the iodotrifluoromethane and iodopentafluoroethane in their reactions with tetrafluoroethylene 
appear to offer a means of synthesising straight-chain aliphatic fluorocarbon iodides of any 
desired molecular weight and with a reactive terminal iodine atom. 


EXPERIMENTAL, 


Iodotrifluoromethane was prepared in 95% yield by the action of iodine pentafluoride on carbon 
tetraiodide as described by Banks, Emeléus, Haszeldine, and Kerrigan (Joc. cit.). Efficient mixing of 
the reactants by vigorous shaking is essential for good yields. Iodine pentafluoride was prepared in 
80% yield (based on fluorine consumption) by passing fluorine over iodine in a 25-cm. silica tube (3 cm. 
internal diam.) which was slowly rocked and cooled in water. Loss of iodine pentafluoride by conversion 
into the volatile heptafluoride was avoided by this continuous mixing of unreacted iodine with iodine 
pentafluoride. The completion of the reaction was indicated when the liquid was decolorised. 

The vessels for the polymerisation reactions were Pyrex-glass or silica tubes of approximately 50-ml. 
capacity, into which the reactants were condensed from a vacuum s m. The source of ultra-violet 
radiation was a Hanovia fluorescent lamp (Code name YEKUL, with an S250 U-type self-starting arc tube) 
used without the Woods filter; the amount of radiation of wave-length less than 3000 a. penetrating the 
Pyrex vessels was small. 

Reaction between Iodotrifluoromethane and Ethylene under the Influence of Ultra-violet Light—Typical 
experiments carried out at room temperature are shown in Table I. The extent of:reaction was 
proportional to the time of exposure to the light source, and the rate of reaction was increased when 
Silica vessels were used. 
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Taste I, 


C,H, 1: 1-Adduct 
Polymer in polymer 
(%)- .). (%)- 
93 ; 
74 


61 


* 3-0 G. of iodotrifluoromethane would theoretically react with 0-42 g. of ethylene to give a 1:1 
adduct. 


Expts. 1—3 in Pyrex-glass vessels illustrate the comparatively slow reaction in the absence of mercury. 
In Expts. 4 and 5, which were carried out in silica vessels, the iodotrifluoromethane and ethylene were 
irradiated for 12 hours, then an additional 0-7 g. of ethylene was added and the irradiation continued for a 
further 72 hours. The composition of the polymer was unchanged, and the adducts formed initially 
had not undergone reaction with excess of ethylene to yield higher members of the polymer series. The 
prolonged irradiation in ney co 4 and 5 yielded sorfe 1 : 1 : 1-trifluoropropane (0-24 g.; see later). 

The polymeric material from reactions of the type described above was found to contain 3-iodo-1 : 1: 1- 
trifluoropropane, b. p. 90°, nif 1-423 (Found: C, 16-0; H,1-9; I, 57-1; F, 243%; M,224. C,H,IF, 
requires C, 16-2; H, 1-8; I, 56-7; F, 25-4%; M, 224), and 5-iodo-1 : 1: 1-trifluoropentane, b. p. 153°, 
nt? 1-439 (Found : C, 23-6, 23-9; H,3-0,3-1; 1, 50-0; F, 230%; M, 250. C,H,IF, requires C, 23-8; H, 
3-2; I, 50-4; F, 226%; M, 252). 

The results in Table II illustrate the catalytic effect of a globule of mercury (0-1 g.) on the reaction at 
room temperature. 


TaBLe II, 


CF,I C,H, 1 $ 1-Adduct 
recovered recovered Polymer in polymer 
(%)- (g.). (%)- 
40 3-45 78 


0 4-25 57 


If Expt. 6 in Table II is compared with Expt. ] in Table I, it is clear that the rate of reaction has been 
considerably increased, whilst the composition of the polymer is essentially the same. In Expts. 7 and 8, 
irradiation for a long period brought about some decomposition and 1:1: 1-trifluoropropane (0-45 g.) 
was isolated (Found : C, 38-7%; M, 98. Calc. for C,H,F, : C, 36-7%; M, 98), b. p. —11°; Henne and 
Whaley (J. Amer. Chem. Soc., 1942, 64, 1157) report b. p. —13°. The constitution of the trifluoropropane 
was confirmed by chlorination to a mixture of 1: 1 : 1-trifluoro-3 : 3-dichloro- and -3 : 3 : 3-trichloro- 
propane (cf. Henne and Whaley, loc. cit.). 

Reaction between lodotrifluoromethane and Ethylene under the Influence of Heat and in the Absence of 
Light.—The reaction tubes were heated in a rocking-tube furnace in the dark. Specimen experiments 
are recorded in Table III. In these no mercury was used. 


Tasre III. 


CF,I C,H, 1; 1-Adduct 
Time recovered recovered Polymer _ in polymer 
Temp. _—(hrs.). (%). (%)- (8.). (%). 


} 93 90 0-42 _ 


-O 
ies 
— i 
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} 0 37 6-80 75 


75 6-66 74 
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At 180° (Expts. 9 and 10) the reaction was incomplete, but at temperatures between 200° and 250° 
{e.g., Expts. 11 and 12), the reaction was complete and no side-reactions could be detected. In experiments 
such as 13 and 14, attempts were made to convert the polymer formed after 20 hours’ reaction into higher 
members of the polymer series by treatment with a further 0-7 g. of ethylene. These failed and the 
amount and composition of the product were unaltered. 

Table IV shows typical experiments carried out in the presence of mercury (0-1 g.). 

Expts. 15 and 16 should be compared with Expts. 9 and 10 (Table III); the effect of mercury asa 
catalyst is clearly seen. The reaction products from catalysed reactions contained rather more of the 
longer-chain material than those from non-catalysed reactions. In Expts. 17 and 18, 1 : 1 : 1-trifluoro- 
propane was formed in small amount (0-3 g.). Experiments of this type also yielded high-boiling material 
which appeared to contain 7-iodo-1 : 1 : 1-trifluoroheptane and 9-iodo-1 : 1 : 1-trifluorononane, although 
these compounds have not yet been isolated in a pure state. 
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TABLE IV. 


: CF,I C,H, 1: 1-Adduct 
Time recovered recovered Polymer in polymer 


(hrs.). (%). (%). (8.). (%). 
50 5-70 70 


31 6-05 62 


Mercury enters into the reaction to a slight extent at higher temperatures and some mercuric iodide 
is formed. Extraction of the mercuric iodide with ether, evaporation of the ethereal solution, and 
sublimation of the residual crystalline solid, yielded 3 : 3 : 3-trifluoropropylmercury iodide, which sublimes 
at 60° in the form of glistening needles (Found: C, 9-0; H, 1-0; Hg, 47-0. C,H,IF,Hg requires C, 8-5: 
H, 0-9; Hg, 47-2%). 

Synthesis of 1: 1: 1-Trifluoro-hydrocarbons.—Iodotrifluoromethane (6-0 g.) was heated at 250° with 
ethylene (1-4 g.) for 3 hours in the presence of mercury (2 ml.) and in the absence of light. A trace of 
mercuric iodide could be observed, and the iodofluoride had been completely converted into 3-iodo-1 : 1 : ]- 
trifluoropropane and 5-iodo-1 : 1 : 1-trifluoropentane. A further quantity of ethylene (1-4 g.) was added to 
the reaction vessel, which was then reheated for a further 30 hours. Only a small amount of material with 
a b. p. >50° then remained (1-7 g.), and the amount of mercuric iodide present had increased considerably. 
In addition to unchanged ethylene (0-39 g.; 14%), there were two compounds present in the product 
with b. p. <50°. These were (a) 1 : 1 : 1-trifluoropropane, b. p. —12° (Found: M, 98. Calc. for C,H,F,: 
M, 98), isolated in 33% yield and identified as described previously; (b) 1: 1 : 1-trifluoropentane, b. p. 47°, 
isolated in 26% yield (Found : C, 46-8; M, 126. C,H,F; requires C, 47-6%; M, 126). 

Fractionation of the material, b. p. >50°, from experiments of this type showed it to contain 
unchanged starting material and small amounts of what appeared to be 1: 1: 1-trifluoroheptane. This 
compound has not been fully characterised. 

Reaction between Iodotrifluoromethane and Tetrafluoroethylene under the Influence of Ulira-violet 
Radiation.—When tetrafluoroethylene (1-56 g.) was irradiated alone in a Pyrex tube for 14 hours, 
polymerisation occurred and a white solid was deposited on the walls of the vessel. Fractionation of the 
volatile products showed that 60% of the tetrafluoroethylene had polymerised. The long-chain polytetra- 
fluoroethylene was completely insoluble in boiling organic solvents even after extraction for several days, 
and no sublimation could be detected when the solid was heated at 200°/10 mm. Tetrafluoroethylene 
(1-25 g.) and iodotrifluoromethane (3-0 g.) were mixed in a silica reaction tube and irradiated. After 
only a few minutes’ exposure, the liquid in the tube set to a translucent jelly which on vigorous shaking 
was converted into a white solid. ‘olymer granules were deposited on the sides of the tube and could 
be seen moving about inside the tube. The reaction was stopped after 45 minutes by immersion in 
liquid air. The volatile compounds were fractionated in vacuo and a liquid (A) (0-03 g.) which had a b. p. 
above room temperature was stored for later examination; 90% of the iodofluoride and 30% of the 
olefin were recovered unchanged. The solid polymer scraped from the reaction tube (0-3 g.) was extracted 
with ether in a micro-Soxhlet apparatus for 5 hours. Evaporation of the ethereal extract yielded a solid 
amounting to 25% of the crude polymer. 

Iodotrifluoromethane (3-0 g.) and tetrafluoroethylene (1-56 g.), sealed in a Pyrex vessel and exposed 
to ultra-violet radiation, underwent a slower reaction than in silica, but the | yan were very similar 
and a small amount of (A) (0-04 g.) was again isolated. When the time of reaction was extended to 
12 hours, more solid polymer was produced (0-45 g.) but no (A) could be isolated. Again, if the liquid 
(A) was isolated and irradiated in the presence of tetrafluoroethylene, it was converted into a solid 
polymer, part of which was soluble in ether. 

Iodotrifluoromethane or liquid (A) and tetrafluoroethylene showed no reaction in the dark. 

The yield of liquid (A) was increased (0-1 g.) when iodotrifluoromethane (3-0 g.) and tetrafluoro- 
ethylene (1-56 g.) were irradiated for 9 hours in a Pyrex tube packed with glass wool. The solid polymer 
was not examined in this case. 

The combined liquid (A) fractions from several experiments with iodotrifluoromethane and tetra- 
fluoroethylene were examined and found to contain 1-iodoheptafluoropropane (Found : I, 43-0; F, 445%; 
M, 293. C,IF, requires I, 42-9; F, 44-99%; M, 296), and 1-iodoundecafluoropentane (Found : I, 32-0; 
F, 54:0%; M, 380. C,IF,, requires I, 32-1; F, 52-83%; M, 396). The physical constants of these 
compounds have not yet been determined. 

Reaction between Iodotrifluoromethane and Tetrafluoroethylene under the Influence of Heat.—When 
tetrafluoroethylene was heated alone under the conditions used for the polymerisation reaction with 
iodotrifluoromethane, no solid polymer was formed; 60% of the tetrafluoroethylene was unchanged, and 
the remainder had been converted into a saturated dimer of molecular weight 200, presumably cyclic. 
In addition, small amounts of a compound of molecular weight 150, possibly hexafluorocyclopropane 
(Benning, Downing, and Park, U.S.P. 2,394,581) but more probably hexafluoropropene, CF,°CF‘CF, 
(J. Amer. Chem. Soc., 1948, 70, 2814, 2816, 2817), were isolated. 

When iodotrifluoromethane (2-4 g.) and tetrafluoroethylene (1-56 g.) were heated to 200° for 10 hours 
in the dark, a white solid polymer was formed and 31% of the olefin-was recovered unchanged (it proved 
impossible to separate unchanged iodotrifluoromethaneand the dimer of tetrafluoroethylene quantatively). 
Liquid (A) was again present (0-08 g.). The solid polymer (1-17 g.) was soluble to the extent of 35% 
in ether. Liquid (A) was examined as described earlier. _ 

Part of the ether-soluble products from the light- or heat-initiated polymerisation of tetrafluoro- 
ethylene and iodotrifluoromethane sublimed at 100—150° at atmospheric pressure in the form of white 

lates. This compound had an average composition corresponding to 6 -CF,°CF,- units per molecule of 
iodotrifluoromethane, viz., CF,*(CF,°CF,],"I (Found: C, 19-5; I, 161. C,,IF,, requires C, 19-6; I, 
16-0%). Small amounts of shorter-chain polymer could be isolated. The remainder of the ether-soluble 
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material sublimed in vacuo and gave products containing 7—10 —CF,°CF,- units per molecule; ¢.g., for 
CF,°(CF,°CF 4] 10°"I—Found : C, 20-9; I, 10-8. C,,IF,, requires C, 21-1; I, 10-6%. 

Part of the wep pen tad BR from the polymerisation reactions could be purified by sublimation 
in high vacuum and contained 10—15 —CF,°CF,- units per molecule. 


The author expresses his thanks to Professor H. J. Emeléus, F.R.S., for advice and encouragement. 
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604. The Electrical Conductivity of Chlorine Trifluoride, Bromine 
Trifluoride, and Iodine Pentafluoride. 


_ By A. A. Banks, H. J. Emeritus, and A. A. Wootr. 


The specific conductivities of chlorine trifluoride, bromine trifluoride, and iodine penta- 
fluoride are <10~* (at 0°), 8-0 x 10-* (at 25°) and 2—3 x 107% (at 25°) ohm™cm.-, respectively. 
That of bromine trifluoride decreases with temperature in the range 15—60°, but for iodine 
pentafluoride there is a positive temperature coefficient. Ohm’s law is obeyed in the case of 
bromine trifluoride but not in that of iodine pentafluoride. The existence of the ions BrF,*+ 
and BrF,~ in liquid bromine trifluoride is postulated to explain the observed phenomena. 


THE main interest in conductivity measurements on the interhalogen compounds lies in their 
bearing on structural problems, and in general the ability to form ions should be related to the 
different electronegativities of the halogens. No observations on the electrical conductivities 
of the halogen fluorides have been reported, although iodine monochloride, monobromide, and 
trichloride have been studied both in the liquid state and in solution. The specific conductivity 
of iodine monochloride is variously given as 4°6 x 10-* (Cornog and Karges, J. Amer. Chem. Soc., 
1932, 54, 1886), 5°1 x 10° and 4°52 x 10° ohm cm. (Fialkov. J. Gen. Chem. Russia, 1941, 11, 
910; 1948, 18, 14). Walden (Z. physikal. Chem., 1903, 48, 385) has studied solutions of this 
substance in arsenic trichloride and sulphur dioxide. The values published for iodine mono- 
bromide at 40° are 3 x 10~ (Bruner and Beckier, Z. Elektrochem., 1912, 18, 368) and 6°4 x 10+ 
ohm-tcm.-?, Compared with the higher values for the monochloride, these seem to show the 
effect of the difference in electronegativity of the halogens. Measurements on solutions of the 
monobromide in sulphur dioxide, bromine, and nitrobenzene have also been made (Walden, 
loc. cit.; Finkelstein, Z. physikal. Chem., 1925, 115, 303). Solutions of iodine trichloride have 
been studied (Walden, Joc. cit.; Finkelstein, Joc. cit.; Plotnikov, Chem. and Ind., 1923, 42, 750; 
Bruns, Z. physikal. Chem., 1925, 118, 89; Birr, ibid., 1933, 165, A; 311) and preliminary 
investigations (N. Greenwood, unpublished observations in this laboratory) indicate that 
fused iodine trichloride has a conductivity of the same order as bromine trifluoride, referred to 
below. 

The halogen fluorides are much more reactive than the iodine chlorides and the bromide, 
and physicochemical measurements are correspondingly more susceptible to errors due to 
impurities. Chlorine trifluoride, the most reactive of the three substances examined, has, 
however, a negligible conductivity. This shows its covalent character and is consistent with 
the comparatively low boiling point (113°) and the non-formation by it of polyhalide ions 
(Sharpe and Emeléus, J., 1948, 2135). Bromine trifluoride, the boiling point of which is 127°, 
has a specific conductivity at 15° of 8°1 x 10° ohm~'cm.-, which decreases as the temperature 
increases from 15° to 60°. This value is similar to that for iodine monochloride and it is note- 
worthy that both compounds have high Trouton constants, in common with associated liquids 
(BrF,, 25°3; IC], 27; H,O, 25°9). A negative temperature coefficient may be associated with 
electronic conduction, but this type of current transfer is unlikely in bromine trifluoride since 
the conductivity of the solid is roughly one thousandth of that of the liquid, whereas in true 
electronic conduction this difference would be very much less pronounced (von Hevesy, Kgl. 
Danske Videnskab. Medd., 1921, III, Nr. 13, 1). The conduction is more readily explained by 
postulating the existence in liquid bromine trifluoride of the ions BrF,* and BrF,~, the negative 
temperature effect being then due to a decrease in the stability of one or both of these ionic 
species with increasing temperature. The great reactivity of the trifluoride precludes a study 
of the conductivity in most solvents and it would be difficult to characterise these ions in solution. 
Indirect evidence of the existence of the BrF,~ anion is provided, however, by the isolation of 
the compounds KBrF,, AgBrF,, and BaBr,F, (Sharpe and Emeléus, /oc. cit.) similar in type to 
the analogous ionic compound KICI, derived from iodine trichloride. The fact that bromine 
trifluoride conducts in the solid state although the conductivity is much less than in the liquid 
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state suggests that the solid may have an ionic lattice. This is all the more probable since 
phosphorus pentachloride, which conducts to a very small extent in the solid, has been shown to 
possess a lattice of PCl,* and PCl,~ ions (Clark, Powell, and Wells, J., 1942, 642). 

Iodine pentafluoride, the specific conductivity of which is 2—3 x 10 at 25° and which has 
@ positive temperature coefficient, must also contain ions in the liquid, though the evidence as 
to their nature is less convincing. Since the compound KIF, has been isolated (Emeléus and 
Sharpe, this vol., p. 2206) it is possible that they are IF,* and IF,~, the increase in conductivity 
with temperature being due to the increasing mobility of the ions more than compensating for 
their thermal instability. Bromine trifluoride and iodine pentafluoride differ further in that 
direct-current measurements show the former to obey Ohm’s law whereas the latter does not, 
The cation BrF,* would be expected on discharge to give bromine trifluoride and bromine 
monofluoride (brown), whereas the BrF,~ anion should give bromine trifluoride and pentafluoride 
(colourless). During prolonged electrolysis there is no gas evolution but the cathode liquid 
becomes brown and is separated by a sharp boundary from the rest of the liquid in the cell, 
which remains a clear yellow (see below). At this boundary it is probable that reaction occurs 
between the pentafluoride and monofluoride, with formation of the trifluoride. This phenomenon 
may explain in part the absence of measurable polarisation effects at the electrodes, and the 
consequent validity of Ohm’s law, since the mutual interaction of the electrolysis products as 
they diffuse away from the electrodes, and the fact that they re-form the solvent, would tend 
to keep their concentrations round the electrodes to a low value and so minimize polarisation 
effects. Other factors, however, are also involved in determining the electrode phenomena and 
there is as yet no experimental basis for a discussion of the absence of a decomposition potential 
in bromine trifluoride. Iodine monochloride and trichloride also obey Ohm’s law when subjected 
to a direct-current voltage. In the case of iodine pentafluoride there is direct evidence of a 
concentration polarisation effect, and this may arise from the lower diffusion rate of the products 
formed at the electrodes or from their less ready interaction to re-form iodine pentafluoride. 


EXPERIMENTAL. 


Preparation of the Interhalogen Compounds.—Chlorine trifluoride was prepared by leading streams of 
chlorine and fluorine (21-4 and 13-3 g./hr., respectively) through a packed reactor at 280°. The reactor 
was a flanged nickel tube (2”’ internal diam., 12’’ long) fitted at one end with inlet tubes for the two gases 
and at the other with an exit tube and a 6’ long thermometer pocket. The tube was packed with 
silver-plated copper chips. Chlorine trifluoride collected as a pale yellow liquid in a quartz trap at 
—78° and was purified by Byes the vapour through a metal tube packed with sodium fluoride pellets 
to remove hydrogen fluoride, and by a series of trap-to-trap fractional condensations in vacuum, using 
quartz apparatus, immediately before filling the conductivity cell 

Bromine trifluoride was prepared from the elements (Sharpe and Emeléus, J., 1948, 2135) and purified 
by distillation at atmospheric pressure in a steel apparatus, the fraction boiling at 126—128° being 
collected. This was further purified before use by redistilling it under reduced pressure at room 
temperature in an all-quartz apparatus. All the possible impurities, bromine, hydrogen fluoride, bromine 
monofluoride (b. p. ca. 20°), and bromine pentafluoride (b. p. 40-5°) were more volatile than the trifluoride, 
and the change in colour of the liquid from orange to light yellow, due to the removal of the least volatile 
impurity, bromine, afforded a convenient visual indication of when to begin collecting the pare trifluoride. 
In the final purification the liquid was distilled in vacuum into the conductivity cell. 

Iodine pentafluoride was prepared similarly by the direct fluorination of resublimed iodine in a 
water-cooled silica trap which was shaken mechanically. The passage of fluorine was stopped when the 

roduct became colourless. The liquid was distilled immediately before use after traces of iodine 
ormed by decomposition had been removed by further passage  f fluorine (Found: I, 57-0; F, 42-2. 
Calc. for IF,: I, 57-2; F, 42-8%). 

Conductivity Measurements.—The measurements with chlorine trifluoride and a number of the 
earlier measurements with bromine trifluoride and iodine pentafluoride were made with a standard 
Wheatstone bridge circuit, a telephone detector being used to determine the point of balance. Ata 
later stage a cathode-ray oscillograph was used as a null-point detector, the circuit being based on that 
described by Lawson (Rev. Sci. Instr., 1938, 9, 272). Conductivity cells for use with chlorine and bromine 
trifluorides were made of quartz, which resists attack by these compounds. Iodine pentafluoride was 
found to expand when it melted and to fracture the silica cell. In this case, and also because of the lower 
reactivity of the compound, cells made of Pyrex glass were used in most of the experiments. The final 
design of the silica cell is shown in Fig. 1. Circular platinum electrodes (30 S.W.G.) of 1-5-cm. diam. 
were rivetted to 2-mm. diam. platinum rods and held in B.24 copper cones. The internal diameter of 
the vertical limbs of the cell was 1-8cm. It was charged with about 10 c.c. of liquid, the resistance being 
independent of the height of the liquid and of rotation of the electrodes provided the discs were covered. 

Two types of cell of a more conventional type were used with iodine pentafluoride. The first [Fig. 2(a)] 
was made of Pyrex glass with sealed-in platinum electrodes about 0-5 cm. apart and mercury contacts 
in the side arms. There was a tendency to leakage at the platinum seals. The second type, also made 
of Pyrex glass, had circular nickel electrodes; the connections were led in through glass—metal unions 
which were above the liquid level [Fig. 2(b)]. A reservoir attached to the side of the cell was used in 
adjusting the liquid level and also for preparing solutions of salts in iodine pentafluoride. 
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The apparatus used in filling the cell with chlorine or bromine trifluoride is shown in Fig. 1. The 
quartz traps, A, B, and D, and the cell, C, connected by B.14 joints, were assembled as shown and the 
tus was evacuated and flamed. In filling the cell with chlorine trifluoride a sufficient quantity 

was distilled in vacuum from a quartz storage vessel into A. This vessel was removed under a positive 


Fic. 1. 


Nitrogen 
supply 








B A 


pressure of dry nitrogen and the open end of A wasclosed. The contents of A were then distilled slowly 
in vacuum through B (at —120°) into D, which was cooled in liquid nitrogen. Chlorine trifluoride 
condensed in B, any more volatile impurities passing into D. About 10 c.c. of liquid were then distilled 
in vacuum from B into C, dry nitrogen was admitted and the cell was disconnected. Its open ends 
were protected from moisture by sodium fluoride-silica gel drying tubes. 


Fie. 2. 
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In the case of bromine trifluoride about 15 c.c. of the freshly distilled —_— were poured into A and 


frozen in liquid air, the apparatus being then evacuated. About 2 c.c. of liquid were distilled from A 
into D to remove volatile impurities, B was cooled in liquid nitrogen and the greater part of the bromine 
trifluoride distilled from A to B. -A small residue of ferric fluoride, formed by attack on the steel 
storage bottle, remained in A together with any other non-volatile impurities. Finally C was cooled 
and about 10 c.c. of liquid were distilled from B into it. In some experiments dry nitrogen was 
admitted to the system and the cell remained attached to the vacuum line, conductivity measurements 
being made with D and B immersed in liquid nitrogen and C in a constant-temperature bath. In other 
cases the cell was removed as in the work with chlorine trifluoride, and its ends closed by guard tubes to 
exclude moisture. 

The above procedure was modified for iodine pentafluoride to allow the liquid to be poured into the 
cell [C, Fig. 2(a)], the —e of which was about 40c.c. 50 C.c. of iodine pentafluoride were poured 
into A and 10 c.c. were distilled at 6—8 mm. into D to remove volatile impurities. At lower pressures 
the liquid in A solidified and distillation was very slow. The residue in A was then distilled into B, the 
apparatus was filled with dry nitrogen, and, by rotating B through 180°, its contents were transferred 
to the cell so as to fill it to the marked level E. The cell was detached under a positive nitrogen pressure, 
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stoppered, and immersed in a thermostat for conductivity measurements. In most cases stopcocks and 
joints were carefully lubricated with a silicone grease, the fluorocarbon lubricants available being too 
thin for satisfactory working. A mixture of a fluorocarbon with the silicone grease was necessary for 
the iodine pentafluoride distillation. It was essential to avoid contact of any grease with the liquid 
halogen fluorides. 

Measurements with chlorine trifluoride were made at 0°. For each of a series of samples purified as 
already described the cell resistance was found to be infinite with the apparatus used, showing that the 
‘conductivity was less than 10“ohm~cm.~?. With bromine trifluoride a large number of prelimi 
experiments indicated a specific conductivity of the order of 8 x 10“ohm™cm.-!. In view of the great 
reactivity of this substance it was thought that this result might be due to impurities formed by attack 
on the cell or the electrodes or formed by reaction with traces of moisture. The conductivity changed 
little with time, however, as is shown by the fact that at 25-00° + 0-02° after 67 hours the value had 
risen from 8-00 x 10° to 8-37 x 10%ohm™cm.". In this experiment the cell was detached from the 
vacuum apparatus and fitted with guard tubes. When the cell was attached to the vacuum system with 
liquid-air traps on either side a variation of resistance could not be detected in 3 hours and was 1% in 
6hours. The addition of free bromine decreased the conductivity, as is shown by the following data : 


Wt. (g.) of Br added to 27-9 g. of BrF, 0 1- 2-93 
Time (mins.) 
Conductivity (ohm™cm. x 10*) at 25° 


Measurements of the variation of conductivity with temperature made on two carefully purified samples 
of bromine trifluoride (A and B) gave the following results : 


Temperature 10-1° 14-8° 25-0° 35-0° 45-0° 55-0° 
Conductivity, ohm-'cm.-! x 107° (A) = 8-12 8-11 8-00 7-78 7-48 7-08 
Temperature 9-0° 10-0° 20-0° 30-0° 40-0° 50-0° = 60-0° 
Conductivity, ohm“cm.“! x 10° (B) 8-13 8-14 8-09 7-87 7-58 7-19 6°75 


After sample B had been heated in the cell to 60° the value at 20° was redetermined and found to be 
unaltered. There was little variation of conductivity with temperature below 20°, and,in one experiment 
a sample supercooled 4-4° below the m. p. (8-8°) had a conductivity of 8-12 x 10%ohm™cm.. On 
solidification, however, the conductivity was greatly diminished. Measurements on the solid are 
unlikely to be accurate because of the possibility of imperfect contact with the electrodes. The following 
data show, however, that in this range there is a positive temperature coefficient : 

0° 6-0° 73° 8-0° 


ef? 


Temperature 


5 a 
Conductivity, ohm—cm. x 10% 2-3(6) 2-6(0) 3-9(0) 7-8(0)  17-3(5) 


Ohm’s law was found to be obeyed when a direct-current voltage was applied to a cell containing 
bromine trifluoride. A normal potentiometer circuit was used in these measurements, the following 
being typical measurements made at 25° : 


Voltage 0-0336 0-0664 0-098 
30 60 90 


1-11 
Voltage 0-394 


1-09 
0-518 


Current x 10¢ 480 
1-08 


Similar results were obtained with solid bromine trifluoride at 0°, the current being of the order of 10° of 
that passing through the liquid. The resistance of the cell calculated from these measurements agreed 
with the value using alternating current. When a potential of 25 volts was applied to the trifluoride at 
25° for 1 hour, no gas was evolved but the liquid in the cathode limb became brown whereas that in the 
anode limb remained yellow. There was a permanent sharp colour boundary about midway along the 
connecting U-tube. 

Measurements of the conductivity of iodine pentafluoride were less reproducible than those for bromine 
trifluoride, but a value of the order of 10-“°ohm™cm.~ was obtained. The following are typical values 
obtained on two samples : 


Temperature 10: 15-0° 20-0° 25-0° 31-0° 39-0° 40-0° 

Conductivity, ohmcm. x 10°5(A) 1+ 1-89 2-08 2-30 2-52 2-78 2-81 

Temperature 8 25-0° 35:0° 10-2°(C) 13-5°(C) 19-0°(C) 25-0° (C) 

Conductivity, ohm~'cm. x 10° (B_ 1-78 2-45 3-12 1-91 2-05 2-28 2-55 
& C) 


Measurements for A and B were made with platinum electrodes, but for C, electrodes of nickel were used. 
Specific conductivities at 25° as high as 5—6 x 10*ohm™cm.“ were obtained with iodine pentafiuoride 
which had been less rigorously purified. The results show that, in contrast to bromine trifluoride, there 
is a positive temperature coefficient. Addition of iodine increased the conductivity, though its solubility 
was apparently very limited. Thus when 0-1 g. of iodine was added to approximately 40 c.c. of the 
pentafluoride at 25° the resistance fell from 2296 to 2000 ohms. The solution was dark brown but the 
iodine had not dissolved completely. 

Direct-current measurements with pure iodine pentafluoride show that Ohm’s law was not obeyed. 
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The following are typical results, though in this case the reproducibility was poor. The value of the 
current passed depended on time, indicating a concentration polarisation effect. 


! 0-60 1-00 2-00 3-00 5-00 
Initial current } 0-18 0-31 0-60 1-07 1-83 
Current after 120 secs. ...........ssseeeeeee — 0-07 0-15 0-43 0-82 1-51 

When the current passing through the cell at a given voltage became practically constant, the applied 

potential was removed and the current produced by the cell acting as its own source of e.m.f. was 


measured by reversing the galvanometer leads. The following are typical results for an initial applied 
voltage of 0-5 volt. 


Current produced by 0-5 volt 
(microamps.) 80 70 65 61 57 55 54 
Time (secs.) 30 60 90 120 180 240 300 


Current produced by cell —19 -ll -9 -5 -3 -l 
Time (secs.) 330 350 360 420 480 540 


With higher voltages free iodine was formed at the cathode and settled in the bottom of the cell. 


Two of the authors (A. A. B. and A. A. W.) are indebted for maintenance grants to I.C.I. General 
Chemicals Division and to the Department of Scientific and Industrial Research, respectively. 
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605. Bromine Trifluoride as an Ionizing Solvent. 
By A. A. Woorr and H. J. EmeEvtus. 


The existence of the ionic equilibrium 2BrF, = = BrF,*+ + BrF,- in liquid bromine 
trifluoride is supported by the isolation of “‘ acids ’’ and “‘ bases ’’ containing the BrF,*+ and 
BrF,~ ions, respectively. The compounds BrF,SbF, and (BrF,),SnF, behave as acids, and 
the bromofluorides KBrF,, — and Ba(BrF,), as bases. Conductivity measurements on 
bromine trifluoride solutions of these compounds are described, and it is shown by conductometric 
titrations that neutralisation reactions can occur to produce salts containing the SbF,~ and 
SnF,~-~ anions. 


Tue electrical conductivity of pure bromine trifluoride has been attributed to the ionic 
equilibrium 2BrF, — BrF,* + BrF,- (Banks, Emeléus, and Woolf, preceding paper) which is 
analogous to that existing in water, ammonia, and other solvents, such as nitrogen dioxide, for 
which the equilibrium 2NO, — » NOt + NO,~ has recently been postulated (Addison and 
Thompson, Nature, 1948, 162, 369). By extension of the terminology introduced by Franklin 
for the ammonia system (J. Amer. Chem. Soc., 1905, 27, 820), substances which contain the ions 
BrF,* and BrF,~ are regarded as acids and bases, respectively. 

Three well-defined bases have already been described, for there is clear evidence that the 
compounds KBrF,, AgBrF,, and BaBr,F, (Sharpe and Emeléus, J., 1948, 2135) contain the 
BrF,- ion. This is based on (i) the association of two BrF, units with the invariably 
bivalent element barium, (ii) the absence of potassium bromide and potassium fluoride lines from 
X-ray powder photographs of the potassium compound, (iii) the stability to heat and to organic 
liquids, and (iv) the analogy with KICl,, known to contain the ICl,~ ion (Mooney, Z. Krist., 
1938, 98, 377), which undergoes a thermal decomposition into potassium chloride and iodine 
trichloride similar to that of potassium bromotetrafluoride (tetrafluorobromate) into potassium 
fluoride and bromine trifluoride. 

The conductivity of bromine trifluoride is also increased by the addition of bromofluorides in 
much the same way as that of iodine monochloride is increased by dissolved chlorides (Cornog 
and Karges, J. Amer. Chem. Soc., 1932, 54, 1882). The bromofluoride solutions differ from the 
pure solvent in possessing a positive temperature coefficient of conductivity and in disobeying 
Ohm’s law. They also have a linear temperature variation of equivalent conductivity. Such 
measurements, although not allowing a distinction to be made between the existence of a BrF,~ 
or a F~ ion in solution, provide useful criteria with which the properties of acid solutions can be 
compared. 

A compound SbBrF, has been prepared by the reaction of bromine trifluoride with antimonous 
oxide or fluoride or with antimonyl chloride. The evidence that it is an acid BrF,+SbF,~ 
rather than an addition compound SbF,,BrF, is similar to that presented for bases. Thus the 
conductivity of bromine trifluoride increases on adding the antimony compound, showing that 
ions are produced. In this case further conclusions can be drawn about the nature of the ions 
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since it is unlikely that the ions are formed from antimony pentafluoride (SbF, => SbF,* + F-) 
present in an addition compound. The pentafluoride itself has a specific conductivity of less 
than 10-* ohm-! cm.-! (N. Greenwood, unpublished observations). These acid solutions resemble 
those of bases in having positive temperature coefficients, linear variation of equivalent 
conductivity with temperature, and ill-defined decomposition potentials. 

The stable character of the bound bromine trifluoride in the antimony compounds is shown by 
the fact that it melted and began to decompose at about 200°, a temperature above the boiling 
points of either bromine trifluoride (127°) or antimony pentafluoride (150°) both of which, unlike 
the antimony compound, react violently with organic liquids. 

The SbF,~ ion is well known in the alkali salts (Marignac, Amnalen, 1868, 145, 237), anda 
compound SbF,,NOF prepared by Ruff, Stauber, and Graff (Z. anorg. Chem., 1908, 58, 325) 
probably has the structure (NO)*SbF,~, analogous to the new compound (BrF,)*SbF,-, in 
view of the existence of positive nitrosyl ions in what were once thought to be addition compounds, 
Thus in the case of the compounds SnCl,,2NOCI and SbCl,,NOCI, the first is isomorphous with 
ammonium stannichloride (Klinkenberg, Rec. Trav. chim., 1937, 56, 749) while the second is able 
to increase the conductivity of liquid nitrosyl chloride (Burg and Campbell, J. Amer. Chem. 
Soc., 1948, 70, 1964). An ionic formulation as (NO),SnCl, and (NO)SbC1, seems therefore to be 
justified. 

Reaction in bromine trifluoride solution between a base, silver bromofluoride (tetrafluoro- 
bromate), and the antimony acid has been found to yield the salt AgSbF, according to the 
equation 

BrF,*SbF,- + AgtBrF,- = AgSbF, + 2BrF, 


Barium and potassium bromofluorides gave the corresponding fluoroantimonates, which were, 
however, contaminated with solvent. 

A conductometric titration of silver bromofluoride with the antimony acid in bromine 
trifluoride solution gave a sharp end-point when equimolecular amounts of acid and base were 
present. The shape of the titration curve and the position of the end-point are explicable in 
terms of a neutralisation process. The initial value of the conductivity is due to the ions Ag* 
and BrF,-, together with those of the solvent, and the fall in conductivity as neutralisation is 
approached is due to replacement of BrF,~ by the larger, less mobile, SbF,~ ion. The radii of 
these ions, calculated from the covalent radii of the elements, are: SbF,~, 2°644.; BrF,-, 
2°39 a. On passing the equivalence point the conductivity rises because of the addition of 
BrF,* and SbF,~ ions. The slope of the branch of the titration curve is in fact the same as that 
for solutions of SbBrF, in bromine trifluoride. 

It has not yet proved possible to isolate other acids in a pure state. The reaction between 
bromine trifluoride and stannous or stannic chloride, or tin, gave solutions from which, on 
pumping off the excess bromine trifluoride at room temperature, a product of the composition 
SnF,,1°‘76BrF, was obtained. At 190° all of the bromine trifluoride was removed. The bound 
bromine trifluoride in the tin compound showed its resemblance to that in the bases and in the 
antimony acid by its mild reaction with water and organic liquids. The difference between the 
antimony and the tin compound was similar to that between the bromofluorides of potassium 
and calcium, since bromine trifluoride is readily pumped off from the latter so that a 
stoicheiometric compound cannot be isolated. Salt formation occurred on allowing bases to 
react with stannous chloride solutions in bromine trifluoride. It was also found that on titrating 
potassium bromofluoride with stannous chloride in bromine trifluoride the conductivity was a 
minimum when the molecular ratio of the potassium and the tin compound was 2:1. These 
results correspond with a neutralisation reaction involving the acid (BrF,),SnF, 


2K+BrF,- + (BrF,),*SnF,-- = K,SnF, + 4BrF, 


EXPERIMENTAL, 


Conductivity measurements were made in the same way as those for bromine trifluoride (Banks, 
Emeléus, and Woolf, loc. cit.). At first, solutions were prepared directly in the cell by distilling bromine 
trifluoride in vacuum on to a weighed quantity of solid, the weight of solvent being given by the loss in 
weight of the silica trap from which it had been distilled. This procedure, although ensuring the absence 
of traces of water, was both time consuming and inaccurate on account of weighing errors. For the 
majority of the experiments, solutions were made from a weighed amount of solid in a small silica flask, 
using freshly distilled bromine trifluoride and heating for about one minute to ensure complete solution 
and remove volatile reaction products such as chlorine from chlorides. The flask was then attached to 
the vacuum line, and 1—2 c.c. of solvent were distilled over in vacuum to eliminate traces of volatile 
impurities. 

Conductivity data for the potassium, silver, and barium salts are given in TablesI and II. In Tablel 
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the conductivity of the solvent is subtracted from that of the solution, the values obtained previously 
(Banks, Emeléus, and Woolf, loc. cit.) being used. The temperature variation for these figures is linear. 
The variation of equivalent conductivity as a function of concentration is not included since, although 
they show certain interesting features, their significance is not clear at this stage of the investigation. 


TaB_e I. 
Specific conductivity of KBrF, in BrF, solution. 


Concn., Conductivity of Concn., Conductivity of 


g.-mol. /1000 g. Solution — __ g.-mol./1000 g. Solution ~ 
BrF;. Temp. Solution. solvent. BrF,. Temp. Solution. solvent. 


Solutions made with KF. Solutions made with KCl. 


0-0159 15-0° 9-88 0-0108 
25-0 10-34 

10-55 

10-69 

10-83 


12-30 
12-65 
12-70 
13-10 
13-45 
14-20 
14-60 
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TaBce II. 


Concn., Sp. cond., Concn., 
g.-mol./1000 g. ohm-'cm.+ g.-mol./1000 g. 
BrF;. ° x 10°. BrF,,. Temp. 
(a) Conductivity of AgBrF, in BrF, solution. 
ry 

0-0140 . 9-62 0-0582 
9-79 
9-97 
10-04 
10-01 


12-58 

13-16 

13-70 

14-20 

14-64 

(b) Conductivity of Ba(BrF,), in BrF, solution.* 

8-26 0-0294 
8-03 
7-78 


0-01510 . 10-03 
10-23 
10-46 0-0676 . 20-06 
10-31 , 21-57 
9-97 , 22-86 
23-85 
24-89 
* The measurements with the potassium and silver salts were reproducible on varying the tem- 
perature, but in the case of the barium salt the value at 25° was only reproducible within 5% after 
the solution had been heated to the maximum temperature. . 


Several series of measurements were made of the current passing in a solution of potassium fluoride 
in bromine trifluoride at various direct current voltages in order to establish whether Ohm’s law was 
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obeyed. The following typical data show that this was not the case (concn.: 0-0309 g.-mol. of 
KBrF,/1000 g.) : 


Voltage 0-10 0-20 040 060 0-80 1:00 2-00 
Current (milliamp.) .............+ 0-05 O14 0-31 0-52 0-77 105 2-34 
10% V/C 1-43 1-29 1-15 104 0-95 0-85 


In these experiments, after a period of electrolysis, a brown colour developed at the cathode which was 
separated from the unchanged yellow liquid in the remainder of the cell by a sharp boundary. 

The Preparation of the “‘ Acid’’ Compounds SbBrF, and SnBr,F y).—Antimony trifluoride, made from 
antimonous oxide and hydrofluoric acid, or antimonous oxide, was allowed to react with bromine trifluoride 
in a silica flask. In the first case reaction was mild, bromine being set free as would be expected in the 
oxidation of antimony to the quinquevalent state. The oxide reacted violently and oxygen was evolved, 
The reaction was moderated by adding bromine asa diluent. In each case excess of bromine trifluoride 
and free bromine was pumpéd off in vacuum at room temperature until constant weight was attained. 
The yellow product was analysed for bromine by decomposition with water in a stoppered bottle, followed 
by reduction with sulphurous acid and precipitation of silver bromide. Fluorine was determined by 
decomposing the solid with sodium carbonate solution, keeping the mixture overnight to ensure complete 
reaction, and precipitating the fluoride formed as calcium fluoride. Antimony was precipitated as 
sulphide, which was dissolved in concentrated hydrochloric acid and titrated with a standard potassium 
bromate solution. The ya pte weight was calculated from the ratio of the weight of the antimony 
compound taken to that of the product (Found, for product from Sb,O,: Sb, 34-6; Br, 22-8; F, 42.5%; 
equiv., 350. Found, for product from SbF,: Br, 22-8; F, 423%; equiv., 349. SbBrF, requires Sb, 
34-4; Br, 22-6; F, 43-0%; equiv., 354). The stability of antimony bromo-octafluoride (octafiuorobromate) 
was shown by heating a 2-2429-g. sample for 2 hours in a vacuum at 40°, whereupon the loss in weight 
was 0-0021 g. 

Antimony] chloride gave a product which was qualitatively the same, though in this case the reaction 
with bromine trifluoride was even more violent than that of the oxide. The compound was decomposed 
by water, giving a solution with oxidising properties which probably contained the hexafluoroantimonate 
ion since characteristic antimony reactions were masked. For instance, a precipitate appeared after 
boiling with ammonia only on long storage, and there was an appreciable time lag in the reaction with 
hydrogen sulphide. The solid fumed in moist air, its colour changing to a deep red. It could be stored 
in dry Pyrex glass for several months without appreciable attack on the vessel. 


Taste III. 


Concn., Concn., 

g.-mol. / Sp. cond., g.-mol. / Sp. cond., 
1000 g. ohmcm.* 1000 g. ohmcm.-1 
BrFs3. Temp. x 10°. BrF;,. Temp. x 108. 


(a) Conductivity of SbBrF, in BrF;. 
11-36 0-0178 10-8° 15-76 
11-59 . 16-28 
11-79 ° 16-88 
11-88 ° 17-42 
11-86 , 17-76 


11-06 . 16-46 
11-25 : 17-16 
11-42 : 17°75 
11-48 . 18-41 
11-35 . 18-85 
(b) Conductivity of SnBr,F y) in BrF3. 
0-00910 . 10-81 0-0234 9-3° 15-16 
10-91 17-2 15-59 
10-95 25-0 15-86 


10-81 35-8 16-01 
10-46 44-9 15-91 


12-60 10-1 17-12 
12-85 16-8 17-57 
13-00 25-0 17-99 
12-95 35-8 18-24 
12-77 44-9 18-29 


The reaction between tin or its chlorides and bromine trifluoride was violent and gave products 
containing varying amounts of combined bromine trifluoride. The analysis for bromine and fluorine 
was made as before. Tin was determined iodometrically in hydrochloric acid solution after reduction 
with aluminium foil in a carbon dioxideatmosphere. Anhydrous stannous chloride, prepared by Stephen’s 
method (J., 1930, 2786), inflamed in contact with liquid bromine trifluoride, but the reaction could be 
controlled by dilution with bromine. Excess of bromine trifluoride was removed as in the preparation of 
the antimony compound, but the product did not attain a constant weight, showing that the bromine 
trifluoride in the compound was less firmly held. This is illustrated by the following experiments, in 
each of which evacuation was continued for 6 hours. Starting with tin and evacuating at 40° the product 
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had the composition SnF,,0-89BrF,. Starting with stannous chloride and evacuating at 15° it was 
SaF,,1-76BrF,; at 35°, SnF,,0-75BrF,, and at 100°, SnF,,0-46BrF,. A sample heated for the same 
time in vacuum at 190° yielded SnF, free from bromine. 

The white product in these experiments was hygroscopic and turned brown in moist air. It dissolved 
in water with a slight hissing noise but was insoluble in, and without action on, pyridine or acetone. 
Ether was ignited. The preparations from tin chlorides contained no chlorine. It is considered that 
the above products are derived from the dissociation of a stannifluoride (BrF,),SnF, analogous to calcium 
promofluoride Ca(BrF,),, which is also impossible to prepare in a pure state by the process of removing 
the excess solvent in vacuum. 

Conductivity Measurements with Solutions of SbBrF, and SnBr,F,, in Bromine Trifluoride.—Conduc- 
tivity measurements made on solutions of antimonous oxide and stannous chloride in bromine trifluoride 
are summarised in Table III. 

Direct current measurements with solutions of antimony trifluoride in bromine trifluoride were made 
as before. A brown coloration was again produced round the cathode and there was a sharp colour 
boundary in the tube connecting the two electrode compartments. The liquid round the anode retained 
its yellow colour. The solutions did not obey Ohm’s law, though no sharp break occurred in the current— 
yoltage curves. Typical data for a solution of SbBrF, are given below (concn.: 0-042 g.-mol./1000 g.) : 


Voltage 0-10 0-20 030 040 080 1:20 240 300 10 30 100 
Current (milliamp.) 0-10 0-20 0-32 0-45 0-99 1:59 3-33 410 16:2 52:0 198 
100 100 94 89 81 75 72 73 62 58 53 


TABLE IV. 


Concn. Concn. 

Sp. cond. of Sb of Ag 

com- (ohmcm,-+ com- com- 
pound.* Ratio. Temp. x 108). pound.* pound.* Ratio. 


(a) Titration of AgBrF, solution with SbBrF,. 
0-0367 0 . 12-58 0-0271 0-0368 0-74 
13-16 
13-70 
14-20 
14-64 


000727 0-0363 0-20 ° 11-26 00513 0-0368 
° 11-69 
12-07 
12-39 
12-69 


woe 
Peano 
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0-0227 0-0365 0-62 . 10-55 0-0619 0-0366 
. 10-91 
11-20 
11-31 
11-43 
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(b) Titration of KBrF, with SnBr,F 1». 
00373 0 15-05¢ 00298 0-0375 


0-0371 0-30 . 11-35 
11-81 
12-26 
12-85 0-0364 0-0372 
13-15 


0-0374 . } 10-39 
P 10-71 

10-93 0-0447 0-0372 
11-19 


0-0372 . . 10-55 
: 10-87 

11-13 0-0589 0-0375 
11-40 
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* G.-mols./1000 g. of BrF;. + Interpolated from previous results: Table I. 
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Conductometric Titration of Acids and Bases in Bromine Trifluoride.—Titrations could not be per- 
formed in the usual manner because of the great reactivity of the solvent, which explodes in contact with 
lubricants and therefore cannot be passed through taps. Solutions were therefore made up by mixing 
the appropriate amounts of the solids which produce the acid and base on reaction with bromine trifluoride, 
This mixture was dissolved in bromine trifluoride in a silica flask, and the solution transferred to the 
conductivity cell as already described. In the first set of determinations a constant amount of silver 
chloride was used with increasing amounts of antimonous oxide and, in the second, the amount of potassium 
chloride was fixed while that of stannous chloride varied. In each case the product was soluble in bromine 
trifluoride. The reactions occurring were 


AgBrF, + BrF,SbF, = AgSbF, + 2BrF, 
2KBrF, + (BrF,),SnF, = K,SnF, + 4BrF, 


At each concentration observations were made at several temperatures. The data obtained are 
summarised in Table IV. 

These results show that there is a well-defined minimum conductivity for a 1 : 1 ratio of reactants in 
the titration of the silver base with the antimony acid. In the case of the potassium base and the tin acid 
this ratio is 2:1. It is apparent, therefore, that the tin acid (BrF,),SnF, is effective as such in bromine 
trifluoride solution even though the compound undergoes decomposition with loss of bromine trifluoride 


Concn. of SbBrFg (g.- mol./7000g.). 
9 __p.gisp 0-0368 | 
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when its isolation is attempted. The figure shows the marked break in the conductivity in the first ex- 
periment. In ita number of points are included, corresponding to the upper horizontal scale, which show 
the variation of the conductivity of SbBrF, with concentration determined in an independent series of 
experiments (Table III). The fact that these points lie along the right-hand branch of the curve shows 
that in this region the excess of acid determines the conductivity. 

Salt Formation from Acid-Base Reactions in Bromine Trifluoride.—The following experiments were 
made in order to isolate and characterise as far as possible the salt-like products of the above reactions. 
Equimolecular proportions of antimony trioxide or trifluoride and the chlorides of potassium or silver 
were allowed to react with excess of bromine trifluoride. On evaporation of the excess of solvent in 
vacuum at room temperature the corresponding fluoroantimonate contaminated with a little bromine 
trifluoride was left. 

Silver hexafluoroantimonate obtained from antimony trifluoride (Found: Ag, 31-0; F, 34-1; Br, 0-7. 
AgSbF, requires Ag, 31-4; F, 33-2%) was less pure than that from antimonous oxide (Found: Ag, 31-0; 
F, 33-6%; Br, nil). An experiment with excess of silver chloride gave the expected mixture of AgSbF, 
and AgBrF,. Barium chloride with two equivalents of antimony trifluoride gave a product contain- 
ing bromine trifluoride [Found: Ba, 20-1; Sb, 36-0; F, 35-9; Br, 40%; equiv., 672. Calc. for 
Ba(SbF,),,0-46BrF,; Ba, 20-5; Sb, 36-2; F, 37-9; Br, 5-4%; equiv.,672]. It has not yet been possible 
to determine whether in this and in similar cases the product obtained contains “‘ bromine trifluoride of 
crystallisation.” 

Equimolecular proportions of stannous and barium chlorides gave a product which was free from 
bromine, and insoluble in bromine trifluoride and also in cold water (Found: Sn, 31-56%; equiv., 365. 
Calc. for BaSnF,: Sn, 32:1%; equiv, 370). Products containing excess of bromine trifluoride were 
obtained from stannous chloride and silver chloride (Found: Ag, 44-8; F, 24-2; Br, 3-4%; equiv., 488. 
Calc. for Ag,SnF,,0-27BrF, : Ag, 44-8; F, 23-4; Br, 4-1%; equiv., 488). A similar result was obtained 
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with potassium chloride and stannous chloride (Found: Sn, 25-5; Br, 18-1%; equiv., 470. Calc. for 
K,Snf,,1-15BrF : Sn, 25:3; Br, 19-7%; equiv., 470). 

One of the authors (A. A. W.) is indebted to the Department of Scientific and Industrial Research for 
a Maintenance Grant. 
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606. Some Observations concerning Steric Hindrance and the Effects of 
Substituents on the ortho: para Ratio in Aromatic Substitution. 


By P. B. D. DE LA Mare. 


The views of Dewar (this vol., p. 463) concerning the effects of substituents on aromatic 
reactivity are criticised. 

Many writers have attempted to translate into semi-quantitative terms the qualitative 
theory of aromatic reactivity associated with the names of Lapworth, Robinson, and Ingold. 
One approach, in terms only of the electrostatic effects of substituent groups, has recently 
been justifiably criticised by Waters (J., 1948, 727), and by Dewar (this vol., p. 463). Formally 
a more satisfactory treatment is that of Wheland (J. Amer. Chem. Soc., 1942, 64, 900), who 
includes both inductive and mesomeric effects by means of molecular-orbital calculations. 
Dewar (loc. cit.) has extended these calculations, but has, in the comparison with experimental 
findings, chosen data which, in certain important cases, either require revision or are capable 
of other interpretations, as will be pointed out below. 

The Orienting Effect of Halogen Substituents Halogen substituents direct substitution 
into the ortho- and para-positions of the benzene nucleus, but the rates of these substitutions 
are usually less than those of similar substitutions in benzene. For this reason, these 
substituents have always been of the greatest importance and interest in theories of aromatic 
reactivity. De la Mare and Robertson (/., 1948, 100) have recently discussed in a qualitative 
manner the problems raised by the available data on the halogenation and nitration of the 
halogenobenzenes and related compounds. On the other hand, similar, but inaccurate, data 
are quoted by Dewar (loc. cit.) to support his theoretical deductions. Thus it is stated that 
for each of the three types, into which he believes that substituents may be divided, the rate of 
substitution in a series of similarly substituted benzenes falls with increasing electron affinity 
of the substituent, and this is said to be shown clearly by the relative rates (Ph = 1) of nitration 
of the halogenobenzenes determined by Ingold and Shaw (j., 1927, 2918), viz.: PhlI, 1; 
PhBr, 0°36; PhCl, 0°025; PhF, 0°0107. These values are, however, taken from a much wider, 
though rough, survey of groups of very different types. Revised values were later recorded 
by Bird and Ingold (J., 1938, 918) as the result of a more quantitative study of halogen 
substituents in particular. They found that the rate series passes through a minimum, 
the correct order being F >I >Cl>Br both for overall and for para-nitration, but 
I >F > Br > Cl for ortho-nitration. The minimum was confirmed by Benford and Ingold 
(J., 1938, 929), using a different technique, and has again been obtained by Hughes, Ingold, 
and Reed (private communication). Bromination of the 1-halogenonaphthalenes also passes 
through a minimum, as shown by de la Mare and Robertson (loc. cit.), who also showed that 
chlorination of fluorobenzene is much more rapid than chlorination of chlorobenzene or of 
bromobenzene. Dewar’s theory, therefore, does not appear to reveal the most important and 
characteristic feature of such reactions, namely the relatively great reactivity of the fluoro- 
and the iodo-substituted compounds. 

A related over-simplification of the effects of halogen substituents on the rates of aromatic 
substitutions is apparent in the deduction (Dewar, loc. cit.), from the series given below, where 
the figures represent the proportions of isomeric substitution products produced in nitration, 
that the para-directive power of groups decreases in the order O > Cl > N > Br >I, which 
is thought also to be the order of decreasing electron affinity. 


Cl 
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The present writer believes that to speak of bromine as “ more para-directing ” than iodine 
is misleading, when in fact substitution para to an iodine substituent appears to be more rapid 
than similar substitution para to a bromine (or even to a chlorine) substituent. Again, it 

_ seems reasonable to deduce, from the data on the o-halogenobenzenes given below (Ingold and 
Vass, J., 1928, 417; Holleman, Rec. Tvav. chim., 1915, 84, 204), that iodine is indeed more 
powerfully para-activating than bromine. 


es Oe. ae 


The Function of the Reagent in Determining Aromatic Reactivity.—Different substitution 
reactions are affected by substituents in ways which are markedly different. Thus the ratio 
kppme/Apng is much greater for halogenation (ca. 400) than for nitration (ca. 25) (de la Mare 
and Robertson, J., 1943, 279). Similarly, para-halogenation of fluorobenzene is more rapid, 
though para-nitration is less rapid, than that of benzene. These observations suggest that 
electronic polarisability is more important in halogenation than in nitration, and that thus we 
may regard halogenation as a more powerfully “ electron-demanding ”’ reaction than nitration 
when electromeric polarisability is more important than inductomeric polarisability.* The 
latter may, however, in some circumstances become of predominant importance, particularly 
when electrophilic attack is by a fully ionic reagent, as in nitration by the nitronium ion. 

The nature of the reagent is, therefore, of great importance in determining the ortho : para 
ratio, and kinetic information concerning the character of the reagent and the course of the 
reaction is usually desirable. Thus the nitration of acetanilide in sulphuric acid is not necessarily 
that of the salt Ph-NH-CMe:OH; for a minute quantity of the free base, in equilibrium with 
the much less reactive salt, might well be the actual molecule undergoing reaction, and kinetic 
measurements are required to establish this point. It is interesting to remember that 
acetanilide is brominated to give almost entirely p-bromoacetanilide, though chlorination gives 
also much of the ortho-derivative. 

Steric Hindrance in Avomatic Substitution.—In nucleophilic substitution reactions, it is now 
generally agreed that steric effects may be large, even for the reactions of comparatively simple 
molecules, provided that the reaction mechanism requires more than one molecule to participate 
in the rate-determining part of the reaction. Thus for the bimolecular reaction between alkyl 
bromides and bromide ions in acetone (as for other similar processes) the following rates 
(extrapolated to 25°), activation energies, and “frequency factors”’ have been obtained 
(cf. de la Mare, England, Fowden, Hughes, and Ingold, J. Chim. physique, 1949, 45, 236): 


Methyl bromide: k, = 13,400 x 10%, E = 15°9 kcals., logy, pz = 10°8; 
Ethyl bromide: &, = 165 x 10°, E = 17°6 kcals., logy, pz = 10°1. 


About half of such observed differences in rate and in activation energy are attributed by 
Dostrovsky, Hughes, and Ingold (jJ., 1946, 173; 1948, 1283) to steric hindrance, though 
A. G. Evans (Nature, 1947, 159, 166) prefers to ascribe the whole of this decrease in rate to 
steric hindrance. 

Thus steric effects may account for quite large rate-differences even when structural 
circumstances are not particularly favourable to their operation. Very small steric hindrance 
to aromatic substitution reactions could, therefore, result in large changes in the ortho : para 
ratio. Thus if, as Dewar (loc. cit.) believes, steric hindrance reduces the }4-ortho : para ratio 
from 0°8 to almost zero in the series Ph*CH,, Ph*CH,Me, Ph*CHMe,, PhCMe;, then surely a 
large proportion of the change in the same ratio from 0°8 to 0°1 in the series Ph-CH,;, Ph°CH,Cl, 
Ph’CHCl,, Ph°CCl,, must also be attributable to steric hindrance; and therefore to interpret 
this set of data as showing the effect of increasing the electron affinity of an inductive substituent 
is of very doubtful validity. Similarly, steric hindrance must be considered important when 
substitution occurs ortho to any bulky substituent, or when the reagent itself is large. 


* A theoretical explanation of the importance of electromeric polarisability in halogenation may 
be that halogenation involves the formation of a reactive intermediate which is more stable than the 
corresponding entity produced in nitration. This is — by the existence of bromination processes 
of high order with respect to halogens and by the effectiveness of acids as catalysts for bromination 
and for chlorination; the latter is associated by de la Mare and Robertson (Joc. cit.) with the necessity 
of breaking the halogen-halogen link for completion of the reaction. On the other hand, removal of a 

roton seems kinetically to be unimportant both in nitration, as shown by the work of Melander (Nature, 


949, 168, 599), and in halogenation, as shown by the absence of appreciable catalysis by bases 


(cf. Robertson, Dixon, Goodwin, McDonald, and Scaife, this vol., p. 294). 
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The Transition State of Aromatic Substitution.—A satisfactory theory of ortho : para ratios 
will, therefore, necessitate assessment of quite small steric effects, The simplest type of 
bimolecular electrophilic replacement is likely to occur when the reagent is a positive ion, as 
perhaps in nitration by the NO,* ion. An estimate of compressions between non-bonded 
atoms in the transition state of such a reaction would, however, involve too many assumptions 
to be profitable at present.* Thus a possible model of the transition state for nitration has been 
proposed by Hughes, Ingold, and their co-workers (cf. J., 1937, 1257; 1941, 608), and is 
supported by Waters (Joc. cit.). The incoming reagent attacks from above the plane of the 
aromatic ring, displacing the proton downwards; and the resulting configuration of the product 
contains a nitro-group in which the nitrogen and the two oxygen atoms are approximately in 
the plane of the ring. 

To estimate the bond-lengths and bond-angles in the transition-state configuration, with 
both nitrogen and hydrogen partly bonded to carbon, and including the energetically most 
favoured positions for the oxygen atoms of the nitro-group, presents great difficulty. A 
qualitative solution of the problem whether or not such effects will be of major importance in 
determining ortho : para ratios can, however, be reached from consideration of the steric effects 
existent in the substitution products themselves. It has often been assumed that such steric 
compressions are not of importance except in very complicated molecules. Evidence is 
beginning to accumulate, however, that even in comparatively simple molecules compressions 
exist, which may not be of importance or easily detectable by studies of isomerism or of bond 
angles, but which need to be considered in studies of those small energy changes which are 
revealed in comparisons of chemical reactivity. Thus Heath and Linnett (Trans. Faraday 
Soc., 1948, 44, 561) have shown that the properties of compounds such as carbon tetrachloride 
are best explained by assuming compressions between the chlorine atoms. The fact that the 
o-nitro-groups in picryl iodide are at 80° to the plane of the ring (J., 1940, 1398) indicates 
considerable interaction between them and the iodine atom. Even m-dinitrobenzene appears 
to have a structure in which the nitro-groups are distorted out of the plane of the benzene ring 
(Archer, Proc. Roy. Soc., 1946, A, 188, 51), which suggests that there may be appreciable steric 
interaction between a nitro-substituent and the hydrogen atom ortho to it; and approximate 

R estimate of the distance, in the normal state of the o-alkyl-substituted nitro- 
a 4 benzene (I) between the ortho-carbon atom and the oxygen atom of the nitro- 
, NC group, gives the C—O distance as 25a. The radius of the smallest snch 
®'No  ortho-substituent, namely the methyl group, is probably about 2°0a., and 
(I.) that of oxygen about 1°4 a. (Pauling, ‘“‘ The Nature of the Chemical Bond,” 
Cornell University Press, N.Y., 1945, p. 189); so there would appear to be a compression, in 
o-nitrotoluene, of about 0°94. This compression would have to be overcome for completion 
of ortho-, as compared with para-, nitration, and though it might be relieved by bond-bending 
and would probably be smaller in the transition state of the reaction than in the final product, 
yet it seems unlikely that it is a negligible factor in determination of the proportions of 
isomerides found in the nitration even of toluene. All the more important, therefore, is it 
to consider steric hindrance of substitution ortho to groups larger than the methyl group (e.g., 
the CCl, group). 

Factors Important in Determining the ortho: parva Ratio.—The main features of the experi- 
mental data on ortho : para ratios seem to the author to be interpretable in the following way. 

(1) For most ortho—para-directing substituents, the 4-ortho : para ratio is less than unity. 
Two factors contribute to this effect : 

(a) Steric considerations favour para-substitution. Steric hindrance is probably appreciable 
even ortho to the methyl! group, and is important for all larger substituents, as is shown by the 
decrease in the }-ortho : para ratio from toluene to t#ert.-butylbenzene. 

(6) The greater stability of para- than of ortho-quinonoid structures favours para-substitution, 
since the transition states for the reaction are analogous to such quinonoid forms. The 
importance of this factor has recently been stressed by Waters (loc. cit.), and by other writers 
(cf. J., 1941, 608; Trans. Faraday Soc., 1941, 37, 746). 

(2) Substitution is favoured ortho to groups polarisable by induction, and occasionally this 
factor is sufficient to reverse the order expected on steric grounds, as shown in nitration by the 
increase in the }-ortho : para ratio from fluorobenzene to iodobenzene. 

* Halogenation processes, under fre tive conditions or indeed in any circumstances in which 
the kinetics have been adequately studied, do not seem to involve the ions Cl* or Brt (cf. de la Mare and 


Robertson, loc. cit.; Robertson, Dixon, Goodwin, McDonald, and Scaife, Joc. cit.; Bradfield and Jones, 
Trans. Faraday Soc., 1941, 37, 726; Bradfield, Davies, and Long, this vol., p. 1389). 
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(3) For many meta-directing substituents in which a mesomeric deactivation of the aromatic 

oe ring is important, the }-ortho : para ratio rises much above unity (cf. Dewar, 

RC loc. cit., Table IV). Here quinonoid structures [e.g. (II)] may again be more 

e important in transferring charge to the para- than to the ortho-position, and 

(II.) thus, in this case, in deactivating the para- relatively to the ortho-position 
by electrostatic repulsion of the reagent (or otherwise). 

(4) ortho-Substitution depends, for some compounds, markedly on the reagent. Three 
distinct circumstances may be recognised : 

(a) Substitution ortho to a polarisable group should be favoured by an ionic, as compared 
with a neutral or dipolar, reagent, as has elsewhere (de la Mare and Robertson, /oc. cit.) been 
suggested to explain the differences between the effects of halogen substituents on the nitration 
and halogenation of aromatic compounds. 

(b) ortho-Substitution should be favoured by a small, as compared with a large, reagent. 

(c) ortho-Substitution should be favoured by chelation in the transition state between the 
reagent and the ortho-substituent, as has in certain cases been suggested (e.g., by Dewar, 
loc. cit.). 

(5) Similar considerations apply to substitution in the polysubstituted benzenes. It is 
usual to assume that groups affect additively the energy of activation, as is shown to be 
reasonable, in favourable circumstances, by Bradfield and Jones (loc. cit.). Similarly Condon 
(J. Amer. Chem. Soc., 1948, 70, 1963) has correlated the rates of halogenation of the methyl- 
benzenes on such a basis. It is necessary, however, to make appropriate allowance for steric 
effects and to allow for the mutual interaction of the various substituents. The latter influence 
is of profound importance, as has been pointed out by Dewar (loc. cit.), when two groups of 
opposite mesomeric character (e.g., OMe and NO,) are situated ortho or para to each other. In 
such circumstances, these groups interact, and, in doing so, affect their own directive power 
and also partly localise the remaining unsaturation electrons. 


The writer is indebted to Professor C. K. Ingold, D.Sc., F.R.S., and to Professor E. D. Hughes, D.Sc., 
F.R.S., for valuable comments and discussion. 


THE Str WILLIAM RAMSAY AND RALPH ForRSTER LABORATORIES, 
UNIVERSITY COLLEGE, LonDoNn, W.C.1. [Received, May 25th, 1949.} 





607. The Normal Density of Propane and Its Expansion 
Coefficients between 0° and 20°. 


By D. S. Massie * and R. WHyTLAwW-GRay. 


By the use of a buoyancy microbalance a comparison has been made of the balancing 
pressures of oxygen and ie at the same density as in previous measurements but at a 
temperature of 5° inst of 20-76°. 

combining the new with the earlier data the normal density of propane and its 
compressibility at 0° between 0 and 1 atmosphere has been calculated as well as the two 
coefficients of expansion between the above temperatures. 


IN a previous investigation (this vol., p. 1746) the pressures at which oxygen and propane have 
equal densities were determined at two different oxygen pressures by use of a silica-fibre 
buoyancy microbalance. From these two pressure ratios the limiting ratio at zero pressure 
and hence the relative molecular weights of the two gases were obtained. Since, however, the 
measurements were made at a temperature of 20°76° it was not possible from the results to 
calculate with any certainty the normal density of propane, i.e., the weight of a litre of this 
gas under standard conditions. To do this it is only necessary to measure one pressure ratio 
again at a temperature not far removed from 0°. 

Thus in the limiting pressure equation (Cawood and Patterson, Phil. Trans., 1936, 
A, 236, 77), 
M, 1-—A,P, 


PUP io ap (1) 


in which in this case P,/P, represents the pressure ratio, at 0°, of oxygen and propane, M, and 
M, their respective molecular weights, and A, and A, their compressibility coefficients per 


* Seconded from I.C.I. Ltd., Butterwick Research Laboratories, The Frythe, Welwyn, Herts. 
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atmosphere at 0°. A, can be calculated, for A,, the compressibility of oxygen, is known; 
P,/P, is measured; and M,/M, is equal to the limiting pressure ratio previously measured and 
is independent of temperature since in the limit both gases have the same coefficient of 
expansion. 

Now, knowing A, and the normal density of oxygen, i.e., 1-42894 g./l., we can easily 
calculate the corresponding value for propane at 0°. 

Experimentally the Po,/Po,n, ratio required was measured after the water tank in which 
the microbalance was immersed had been cooled to a temperature not far removed from 5°. 
It would have been preferable to have made the comparison closer to the ice point but this 
was not possible with the means at our disposal. The microbalance tank was connected 
through a rotary water pump with a larger tank containing an electric refrigerator unit, and 
the cooled water was circulated continuously from the refrigerator to the microbalance tank 
and back in a closed circuit. After some 24 hours it was found that a steady state had been 
attained and the temperature then remained remarkably constant. 

The following series of measurements was obtained. The pressure measurements were 
corrected to a balancing temperature of 500° and each measurement given in the table is the 
mean of five readings. 

Mean corrected pressure, 
mm. mercury at 0°. Ratio. 
Oxygen Propane 
473-545 
1-39433 


1-39436 
1-39436 
1-39426 


660-280 
473-536 


473-570 
1-39442 


1-39445 


1-39444 
660-354 


Mean values 660-313 473-554 1-39438 + 0-00002 


Now the value of the ratio at the same density, determined previously at a temperature of 
20°76°, is 1°39268 + 0°00002 and, assuming a linear variation over 5°, we get the value 1°39492 
for the ratio at 0° at oxygen and propane pressures of 648°365 and 464-804 mm., respectively. 
Previous results show that the limiting ratio is 137807 + 0°00006. Using the expression given 
above and assuming A for oxygen at 0° to be 0:00094, we find 


A for propane = 0°02105 
and 1+ A = 1°02150 


Again, when the normal density of oxygen is taken as 1°42894, the limiting density expression 
leads to 
De: i Do,(1 ot Ao,) 


Me “Boelicad “°° °° @ 


where Do, and Dox, are the normal, and Dj and Diy, the limiting, densities of the two 
gases, and 





D& /D&a, = 1/(limiting pressure ratio) = 1/1°37807 


whence the normal density of propane is 2°00963 which is probably more accurate than the 
earlier value, found by Timmermans (J. Chim. physique, 1920, 18, 133; 1934, 31, 165), of 
2°01987 which with 1+ A calculated by Batuceas (i.e., 1°0220) leads to 12°04 for the atomic 
weight of carbon—a quite impossible value. 

Coefficients of Expansion.—(a) At constant volume. If we could assume that, during the 
long period of many months between the earlier and the present measurements, the zero point 
of the balance had remained perfectly constant we could calculate directly from the pressure 
readings at the two temperatures the coefficients both for oxygen and propane, but from past 
experience we have found that small fluctuations undoubtedly occur owing, possibly, to 
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adsorption of ‘‘ Apiezon ”’ grease vapour in a high vacuum or to slight changes (caused by 
vibration) in the position of the balance in its case. 

On account of this uncertainty it is sounder to use the pressure ratios, which alter only very 
slightly with pressure, rather than the individual pressures, and to assume a value for oxygen. 
Thus, if the coefficient is calculated from the two balancing pressures of oxygen at 0° and 
20°76° we find 0003685; this is almost certainly too high, for by interpolation of the data of 
Holborn and Otto (Z. Physik, 1922, 10, 367) we find the coefficient between our temperature 
limits and at the same initial pressure to be 0°003672. On the basis of the latter value and our 
ratios, the coefficient for propane can be calculated as follows from the expression 


(Po,/Pon,)” - (1 + Bot)/(1 + Bont) = (Po,/Pon,)?* 
or R,/R, = (1 + Boywt)/(1 + Bo,t) 


where £ is the coefficient of expansion of the gases at constant volume, and R, and R, are the 
pressure ratios at 0° and 20°76°. 

Thence we find 627°" = 0003755 at an initial pressure of 465 mm. If we assume that 
the change of 8 with pressure is linear and that 0°003661 is the coefficient for a perfect gas, the 
value at an initial pressure of 1 atmosphere is B37?" = 0003815. Alternatively, the value 
of the pressure ratio at 0° for a propane pressure of 760 mm. can be calculated and the 
corresponding pressure of oxygen obtained. By use of the appropriate coefficient, this oxygen 
pressure can then be converted into the pressure at 20°76°, and the propane pressure at the 
higher temperature calculated from the ratio. The expansion coefficient of propane can then 
be deduced directly from the two pressures at equal densities, i.e., at constant volume. 

To make the calculation, equation (1) must be used in the form in which the ratio Po,y,/Po, 
is a strictly linear function of the propane pressure and not as written where Po,/Po,x, is linear 
with respect to Po,. This is easily done by taking reciprocals of the ratios, thus : 

Pox, 1 (1 — Aou,Pox,) _ 1 





Po, Rum (1—Ao,Po) FR 
whence for Pox, = 760, Po, = 1068°44 mm. 
Now at this pressure the coefficient for oxygen (0—20°76°) interpolated from Holborn and 
Otto’s measurements is 0:003678, so that at 20°76° the oxygen pressure becomes 


1068°44[1 + (0°003678 x 20°76)] = 1150-02 mm. 


Putting this value into equation (1) used in its original form we find for the ratio 1°40214 
and for the corresponding propane pressure 820°19 mm. Whence gf? = (820°19— 
760°00) /(760 x 20°76) = 0°003815 at an initial pressure of 1 atmosphere, which is identical 
with the value obtained by direct linear extrapolation of the coefficient to 1 atmosphere from 
a pressure of 465 mm. 

(b) At constant pressure. The coefficient («) of expansion at constant pressure can be 
calculated from the ratio of the densities of oxygen and propane at 0° and 20°76°. Thus if 
the normal densities are O, = 1°42894 and C,H, = 2°00963 the ratio at 20°76° becomes 


(De,x,/Do,)*7” = (Doyx,/Do,)™ - (1;+f%ot)/(1 + %n,¢) 


where a, and a,x, are the coefficients of the two gases at an initial pressure of 1 atmosphere. 
However, (Do,u,/Do,)*7" = (M canal Moy) - (1 — Ao,P)/(1 — Acu,P) where P=1 and 
Mo,x,/Mo, = limiting ratio = 1:37807 
For Ao, we use 0°00066, a value found by us recently at 22°05°, and for Ao, the value 
0016832 obtained at 20°76° (this vol., p. 1752). Further a, = 0°003676 (from Holborn and 
Otto’s data). Thus we obtain 


(o,,)o—20-7e = 0°003884 at 1 atmosphere. 
Summarising the results, we have 
Normal density of propane at 0°, 760 mm., sea level, lat. 45° = 2-00963 + 0-00013 
Pwr wessibility A at O° per atm. ........00.cccrccccccccsesecccccocccsccccccsces = 0-02105 + 0-00006 


cients of expansion between 0° and 20-76° B = 0-00381(5) 
a = 0-00388(4) 


On account of the small temperature range (5—20°76°) and the extrapolation involved in 
the method of calculation, no great accuracy is claimed for the coefficients of expansion, though 
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they are probably reliable to the third significant figure. The method provides an interesting 
alternative to standard methods for measuring expansion coefficients and could be developed 
to give results of the same degree of accuracy. 


THE UNIVERSITY oF LEEDs. ; (Received, July 15th, 1949.) 





608. The Thermal Decomposition of Acetic Acid. 
By. C. H. Bamrorp and M. J. S. Dewar. 


The kinetics of the pyrolysis of acetic acid vapour have been investigated by a flow method 
in quartz tubes in the temperature range 500—900° c. Acetic acid can decompose either to 
keten and water, or to carbon dioxide and methane. Both reactions are homogeneous and of 
first order in carbon-coated tubes. The activation energies are high (67-5 and 62 kcals. 
respectively) and the frequency factors normal. 

On clean quartz surfaces keten is formed by a surface reaction of much lower activation 
energy. Reversible chemisorption appears to precede reaction on the surface. Small quantities 
of pure keten can conveniently be prepared in this way. 

General kinetic expressions have been developed for some reactions in flowing systems. 


Although the production of keten by the thermal cracking of acetic acid is now of considerable 
technical importance (cf. B.P. 435,219), no account of the kinetics of the reaction has been 
reported. The present paper describes an investigation of the reaction under flow conditions 
in quartz vessels. 

EXPERIMENTAL. 


The apparatus is illustrated in Fig. 1. Acetic acid free from dissolved air was contained in 
the thermostatically heated bulb A, which communicated through a mercury cut-off B with a manometer 
C, and the silica reaction tube D in the furnace F. The rate of flow of the vapour was controlled by the 


Fic. 1. 
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capillary E. The pressure in D, assumed uniform, was varied by changing the temperature of A. The 

connecting tubes between A and D were heated electrically to prevent condensation of acetic acid vapour. 

In order to allow stable conditions to be established at the beginning of a run, E could be connected 

directly through the two-way tap G and the liquid-air trap H with the pumping system. At the 

beginning of the run proper. the gases were diverted by means of G so as to pass through the two traps 
air 





J, K, cooled in liqui Uncondensed gases were collected in the evacuated bulb L of 41. capacity. 
The pressure of the permanent gas in L was measured by the glass Bourdon gauge M, sensitive to 0-01 mm. 
Hg. At the end of a runa specimen of the permanent gas was pumped off for analysis through T to the 
Toepler pump; and J, K, and L were evacuated. Any condensate in K was then distilled backinto J. The 
products were fractionated by warming J to —80°, and cooling K in liquid air. The total volume of the 
volatile fraction was then estimated by vaporisation into L, the pressure being measured on manometer 
N, and M being used as a null instrument. The residue in J consisted only of water and unchanged 
acetic acid, which was determined by titration. The ——— was constructed of Pyrex glass; graded 
seals S, S were used to attach the quartz tube D. a pone system consisted of a three-stage 
quartz-—mercury diffusion pump, backed by an oil pump. e temperature of the furnace was measured 
by a chromel-alumel thermocouple in contact with the outside of D, and standardised at the m. p.s of 
antimony and silver. The temperature remained constant to +0-2° during a run. 

The products were analysed by standard methods except for the —80° fraction, which consisted mainly 
of keten and carbon dioxide. This mixture is difficult to analyse since the majority of absorbents for 
keten also dissolve carbon dioxide appreciably. The most satisfactory reagent was found to be anhydrous 
glycerol to which a few per cent. of concentrated sulphuric acid had been added.* The residual gas, 


* According to I.C.T. these liquids are the only ones in which carbon dioxide is not appreciably 
soluble. Concentrated sulphuric acid alone reacts violently with keten, giving some gaseous products. 
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consisting of carbon dioxide with small amounts of ethylene and ethane, was analysed in the usual 
way. 

The separation of keten from unchanged acetic acid and water appeared to be quantitative under our 
conditions. For instance on distilling back the keten to the residue in J, and repeating the separation, 
no diminution in the volume of keten was observed. 


RESULTs and DIscussIon. 


The products of the reaction were keten, water, methane, carbon dioxide, carbon monoxide, 
ethylene, carbon (in the reaction vessel) and traces ofethane. The significant reactions occurring 
under our conditions are probably 


CHACON —> CHOUDGHO ........@ 
Cie ie GEO... te a ce we 
ae ee eS eer 
SOOO <p GLAM Fk ee 


Keten is known to undergo thermal decomposition according to equations (3) and (4) (Ganz and 
Walters, J. Amer. Chem. Soc., 1941, 63, 3412). 

In early experiments A was replaced by a graduated tube so that the amount of acetic acid 
passed could be directly estimated. It was found that within the limits of experimental error, 
the whole of the acid decomposed could be accounted for quantitatively by the products on the 
basis of reactions (1)—(4). This is illustrated by the results in Table I, from which it will be 
seen that the relative importance of reactions (1) and (2) at a given temperature can vary 
considerably. Later, it will be shown that the course of reaction is sensitive to the state of the 
surface of the reaction vessel. 

Bumping of the acetic acid in the graduated tube proved troublesome, and the tube was 
therefore replaced by the wider vessel A. The total weight of acid passed in any run was then 
calculated from the weights of the products. 


TABLeE I. 
Acetic acid, g. 
Products, c.c. at 20°/760 mm. Accounted 
Pressure, ¢ A Decom- for in 
mm. 7, co. CHy,. CH,:CO. Co,. . j products. 
28-5 1089 12-3 63-7 179-4 59-6 . : 0-626 
30-5 1089 43-7 39-3 27-4 . . 2-55 
24-0 1113 22-0 60-6 ° 48-4 ° ° 0-428 
37-0 1113 19-75 67-25 . 63-1 . ° 0-393 
30-7 . 114i 59-0 123-5 454-0 104-0 ° ° 1-54 


The results were very dependent on the condition of the surface of the reaction vessel, but 
became reproducible after a number of runs had been done without cleaning the tube. The tube 
had then become coated with carbon formed by decomposition of keten. Table II shows the 
analytical results and velocity constants at various pressures, ¢t being the duration of the run in 
minutes, and S the surface/volume ratio of the reaction vessel. In this table k, and hk, are 





TaB.e II. 


Carbon-coated tube: V = 24-3 c.c., S = 3-2 cm.7. 
Products, c.c. at 20°/760 : 
ucts, C.c. a / mm pen ‘ rm 


CO. CH, CH,CO. CO, C,H, sion, %. sec. sec. 
0-68 11-6 19-4 113 <0-1 5-49 0-101 0-057 
103 27-5 25-0 270 <Ol 2:58 0-067 0-069 
0-62 275 241 272 = <O-l 2:57 0-081 0-089 
0-98 26-2 26-7 25:7 <0-l 1:86 0-079 0-074 
91-2 3558 3928 310-2 19 56-0 3-61 2:32 


first-order velocity constants for reactions (1) and (2), respectively. They were calculated from 
equation (5) below, which holds for first-order homogeneous reactions A-——> yB in flowing 
systems where diffusion can be neglected (cf. Benton, J. Amer. Chem. Soc., 1931, 58, 2984) : 


b= aftr. {y log ft — (&=£)y — } Bh Ot ata as ear al 


where V is the volume of the reaction vessel in c.c., My is the molecular weight of the reactant, 
g, and g are respectively the rates of flow of A into and out of the reactor in g. sec.t, and a = 
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p/(6-24 x 107), p and T being the total pressure (in mm. Hg) and the absolute temperature in 
the reaction vessel. 

The first-order constant for the overall rate of decomposition is k, + ,, which is thus obtained 
from (5). The ratio k,/k, is equal to the ratio of keten to carbon dioxide formed. In our 
experiments the contact times were of the order of 0:1 sec., and so diffusion can reasonably be 
neglected. The volume changes due to (3) and (4) may be neglected, since only a small fraction 
of the keten was decomposed. It is clear from Table II that k, and hk, are both reasonably 
constant, and both reactions are therefore presumably of the first order. 

A further series of runs was carried out in packed reaction vessels. Results are given in 
Table III. Comparison of the last run in this table with the runs at the same temperature in 
Table II shows that packing the tube has no appreciable effect on the velocity constants. The 
coefficient k, appears to fall off at pressures less than about 60 mm. in the packed tube; it may 
also do so in the unpacked tube. This behaviour is characteristic of homogeneous first-order 
gas reactions. 

Arrhenius plots for the two reactions are given in Fig. 2. The points for k, for packed and 
unpacked tubes lie satisfactorily on a straight line corresponding to E, = 67°5 kcals., with a 


Fic. 2. 
Arrhenius plot for carbon-coated tubes. 
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8 nd a i 1 i 
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104/r. 


2 





frequency factor A; = 9 x 10 sec.-1. The plot for k, is not so satisfactory; where available, 
values of k, for pressures above 60 mm. have been used. The low points correspond to pressures 
of about 25 mm. and would not be expected to lie on the same line. The value for E, from Fig. 2 
is 62 kcals., and the frequency factor A, = 8 x 10" sec.1. Both frequency factors lie within 
the range considered normal for first-order gas reactions. 


TaBteE III. 
Carbon-coated packed tube. 
Products, c.c. at 20°, 760 mm. Con- 


A version, 
CH,:CO. CQ,. 
. 43-2 

48-2 

45-5 

56-4 

89-8 

79-4 

128-3 

240-4 

19-4 


¥, S, 
ce. cm. 
16-7 12-7 
16-7 12-7 
16-7 12-7 
16-7 12-7 
16-7 12-7 
16-7 12-7 
16-7 12-7 
16-7 12-7 
19-5 22-6 


> 





ky, hs, 
sec.-1, sec.7}, 
0-32 0-25 
0-32 0-24 
0°37 0-29 
0°35 0-34 
0-36 0-41 
0-36 0-42 
1-41 1-07 
4-65 3-74 
0-085 0-064 
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The fact that the constants are not altered significantly by considerable changes in 
the surface/volume ratio (i.e., S) of the reaction vessel shows that reactions (1) and (2) are not 
surface reactions in carbon-coated silica tubes. They must be either homogeneous gas reactions, 
or chain processes starting and ending on the walls. It will be seen later that the former 
explanation is the more probable. 

Different but fairly reproducible results were obtained when the coating of carbon was 
burned off the tube immediately before a run, provided that the runs were not toolong. Typical 
series of results are presented in Tables IV and V. The most striking feature is that the relative 
yield of keten is very much larger than with the carbon-coated tube. The overall conversion 
is also very much higher, especially in the packed tube. The yield of ethylene is also appreciably 
higher in the clean tube; the ratio C,H,/CO increases somewhat with increasing pressure, 
reaching a value of 0°377 at 163°5 mm. However, reaction (3) still occurs to an appreciable 
extent even at this pressure. 

Tables IV and V show that the first-order velocity constants, especially k,, fall off 
with increasing pressure in clean tubes. Reaction (1) shows a variable order between 0 and 1, 
which suggests that a surface process is involved. Moreover, since the order is less than 1, the 
reaction is probably a pure surface reaction and not a surface-catalysed chain reaction. The 
conversions are also higher in the packed tube. 


TABLE IV. 
Clean unpacked tube: T = 1039° k.; V = 24:3.c.; S = 3°2 cm... 


Products, c.c. at 20°, 760 mm. Con- ky, Rg. 
A version, sec."}, sec.t, 

CH,. . CO : . From eqn. (). 

12-5 ° 11-2 : ° 1-36 

10-5 , 10-0 . , ‘ 

15-6 : 14:8 

18-1 , 17-5 





TABLE V. 
Clean packed tube: T = 1028°x.; V = 17°30c.c.; S = 47 cm.-1. 
Con- Ry 


he, 
Products, c.c. at 20°, 760 mm. ver- sec.-!, sec}, 


sion, calc. from 
%. eqn. (5). 
95-3 . 
96-3 
82-6 
71-2 
74:3 
75-6 
58-5 
52-2 
32-9 
34-2 
30-8 


Since the reactions are no longer of first order, equation (5) will not hold in this case. Ifit is 


assumed that the rate of the surface reaction follows a Langmuir-type expression, the overall 
rate in a static system is given by 


= a 
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where k, is the velocity constant for the surface reaction, and « is constant at constant temper- 
ature. In the flowing system with the reactions (7), (8), and (9), equations (10), (11), and (12) 
may be shown to hold : 
A —> yB,, rate k,[A] . i Get nes eae 
Sak ag? oo ems et ee 
A —> yB,, ratek,S[A]/(l+a[A]). . .- . . - (9% 
. 1 ata(k, + h,)k,S 
Mev = 2 {i 106 8 — aT} ary an) 
a 788 — glO(y — 1) — aal(k, + Bp (y —1)(y — 1— aa) (g — 8) 
yg — BolP(y — 1) — aa(k, +,))} al[8(y — 1) — aalh, + ,)) 
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{B}M,_ (y —1 — aa)(go — 8) yaak,Sgo x 
ke = Oy — 1) — alk, + hy) + (OG —1) — alk, + Ay? 
log Oygo — g{O(y — 1) — aal(k, + ,)) 
9¥8o — &olO(y — 1) — aa(k; +h,)) * 

{B,}Mo — (vy — 1)(g — 8) yaago(k, + ks) x 
ky +hS~ Oy —1) — aalk, +h.) [0(y — 1) — alk, +%,))* 
Oy — g{0(y — 1) — aa(k, + h,)) 
Oygo — &ol9(y — 1) — aa(k, + &,)) 
where 0 = k, + hk, + &,S, and {B,}, {B,} are the amounts of A in moles converted into B,, B,, 
respectively, in unit time. In the present case y = 2, B, and B, refer to keten (K) and carbon 
dioxide respectively. Combination of (10) and (12) then gives 

















log (12) 


Myath} = — & {2 tog & — os Bl + MaV(hy Baie =. en 


Further, if, as is the case with the present reaction, k,S > kh, + hy, 


M,{CO;} = fer {fe —s Eq — aa) + 2aa log E+ — 8} iene ORG a 


Equation (13) may be used to determine k, + hk, + &,S and, from results of a series of runs at 
different pressures, equation (14) then allows absolute values of k, + k,S to be estimated. 


Fic. 3. 
Runs in clean packed tube at 878° k 








5 10 
10*{K}. 


The results at any one temperature can be interpreted satisfactorily by means of equation 
A typical series is shown in Fig. 3, from which it may be seen that {K} plotted against 


oM, (2 log ?- e—s as gives a straight line, as required by (13). Values for « and k, are given 
0 

for four temperatures in Table VI. These values do not give linear Arrhenius plots. We have 

not been able to establish whether or not this effect is genuine, since the experiments are not 

sufficiently reproducible. This is not surprising because the nature of the surface must change 

progressively throughout a run, and it has been shown that the reaction is very sensitive to the 

state of the surface. Qualitatively the values are acceptable, since « decreases with increasing 


TABLE VI. 
Values of « and k, in clean packed tubes: S = 47 cm.1; V = 17°3 c.c. 


po 924 878 
° 0-67 1-18 1-75 
10k,, RR L2rA, uccnborsastcuaeas tac . 0-50 * 0-31 0-20 


temperature, and the temperature coefficients of « and k, correspond to reasonable activation 
energies of the order — 10 kcals. and 30 kcals., respectively. In Table V values are given for k, 
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calculated from equation (14). The scatter in these is quite large, probably because of the 
difficulty of determining carbon dioxide accurately in the presence of a large excess of keten, 
The mean value, 0°063 ¢<c.-1, does, however, agree closely with that estimated from Fig. 2 
(0-054 sec.-*) for runs in carbon-coated tubes at 1028° k. The decarboxylation reaction therefore 
seems to show no surface catalysis in quartz vessels. 

A series of runs was carried out in the same tube at 1028° k. with coarser packing, corres- 
ponding to S = 22‘6cm.. These gavek,S = 5°13sec.-1, or k, = 0°227cm.sec.-. Comparison 
with Table VI shows that k,S is approximately proportional to S. This seems to establish that 
the reaction is not a chain process, but a pure surface reaction, since a chain would require an 
order greater than unity unless the chains started and finished on the walls, and in this case the 
overall rate would be more or less independent of S. 

In the runs at low temperatures, decomposition of keten and decarboxylation become 
progressively less important. Detailed analyses are not given, since the amounts of minor 
products were too small for accurate determination. Incidentally, small quantities of pure 
keten could probably be best prepared by low-temperature pyrolysis of acetic acid in clean 
packed quartz tubes. Keten prepared in this way at 878° k., after separation from water and 
unchanged acetic acid by distillation at —80° as described, contains less than 1% of volatile 
impurities. The purity of the keten increases with decreasing temperature; it is feasible to 
work at 760° k. (487° c.), at which temperature the conversion was 2% per pass at 25 mm, 
pressure under our conditions. 

One further effect may be noted. If the data of Table IV for the clean unpacked tube are 
plotted according to equation (13), a straight line is also obtained corresponding toa = 5°1 x 108. 
This value of « is much larger than those given in Table VI. In deriving (13) it was assumed 
that the surface was uniformly distributed throughout the volume of the reaction vessel, i.¢., 
that mixing occurs rapidly over its cross-section. Although this assumption is reasonable for 
the packed tube it is not so for the unpacked, in which stream-line flow should occur under our 
conditions. The non-uniformity of composition across the cross-section would be expected to 
become less as the pressure is reduced. A correspondingly larger fraction of the acetic acid will 
then come into contact with the surface, and the apparent velocity constant should increase 
with decreasing pressure. This effect provides additional evidence that the formation of keten 
is surface-catalysed in clean quartz tubes. The relative constancy of k, (Table IV) therefore 
suggests strongly that the decarboxylation is a homogeneous unimolecular gas reaction. 


The authors are grateful to Mr. E. C. Collingwood and Mr. M. Lonsdale for carrying out much of the 
experimental work. 
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609. The Chemistry of Carcinogenic Nitrogen-compounds. Part III. 
Polysubstituted Pyrroles and Indoles as Potential Cocarcinogens. 


By Ne.Px. Buu-Hor. 


Numerous new pyrroles and indoles have been prepared by known methods for examination 
as potential cocarcinogens when associated with carcinogenic hydrocarbons or dyestuffs. 
This has provided an op et pew for a contribution to the chemistry of pyrroles and 
indoles, and of the Knorr—Paal and Fischer reactions involved in their synthesis; in addition, 
9: 10- -phenanthrenoselenodiazole has been prepared. 


Coox (Amer. J. Cancer, 1940, 39, 386) has reported that some simple heterocyclic nitrogen 
compounds, ¢.g., quinaldine and isoquinoline, accelerate the carcinogenic action of 3 : 4-benz- 
pyrene; a growth-accelerating effect, on certain plant tissues, by polymethylquinolines such 
as 2: 6-dimethylquinoline has also been detected (Buu-Hoi and Guettier, Rec. Trav. chim., 
1946, 65, 502). These observations led us to synthesise diversely polysubstituted derivatives 
of pyrrole and indole, for examination as potential cocarcinogens, either on the skin in 
association with carcinogenic hydrocarbons, or on the liver in association with active azo-dyes. 

A series of N-substituted 2 : 5-dimethylpyrroles was prepared by the well known Knorr—Paal 
reaction (Knorr, Ber., 1885, 18, 2254) from acetonylacetone and many primary amines which 
have not previously been investigated in this respect. In the aliphatic series, allylamine, on 
admixture with acetonylacetone, underwent a vigorous exothermic reaction to give 2 : 5-di- 
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methyl-1-allylpyrrole. The reaction was less easy with saturated amines, and even required heat 
for a short time, but almost quantitative yields of the following condensation products were 
obtained: 2 : 5-dimethyl-1-n-hexyl-, -1-n-dodecyl-, and -1-n-octadecyl-pyrrole, and 1 : 1’-hexa- 
methylenebis-(2 : 5-dimethylpyrrole). The Knorr—Paal reaction involving aromatic amines 
appeared not to be sensitive to steric hindrance when it was performed at high temperatures 
and without a solvent. Thus, acetonylacetone readily condensed with the following aromatic 
primary amines whose amino-groups are subject to more or less strong steric hindrance : 
vic.-o- and vic.-m-xylidine, 6-chloro- and 4-isopropyl-o-toluidine, and 2: 4-diaminotoluene. 
Condensation of 2: 4-diaminotoluene in acetic acid involved one molecule of ethyl «$-di- 
acetylsuccinate when the reaction was performed at ordinary pressure, and two molecules 
when the temperature was raised to 150—160° (Knorr, Annalen, 1886, 236, 313). 

In addition, the following hitherto unknown substances were similarly prepared : 1-p-chloro- 
phenyl-, 1-0-xylyl-, 1-p-tert.-amylphenyl- and 1-p-sec.-amylphenyl-2 : 5-dimethylpyrrole; from 
p-dimethylaminoaniline and o-aminoselenoanisole, 1-p-dimethylaminophenyl- and 1-o-methyl- 
selenophenyl-2 : 5-dimethylpyrrole, two derivatives expected to have marked toxicity, were also 
synthesised. In view of the interesting antimalarial activity of some quinolyl derivatives of 
2 : §-dimethylpyrrole (Gilman and Fullhart, J. Amer. Chem. Soc., 1946, 68, 978), some hetero- 
cyclic amines were condensed with acetonylacetone, giving 1-(3- 1-(4-, and 1-(6-methyl-2- 
pyridyl)-, and 1-2’-thiazyl-2 : 5-dimethylpyrrole. The first-mentioned compound had a strong 
anesthetising effect on mucous membranes. From 4-aminoantipyrine, 1-phenyl-2 : 3-di- 
methyl-4-(2 : 5-dimethyl-\-pyrryl)pyrazol-5-one (I) was also easily obtained; compared with 
pyramidon (N-dimethylaminoantipyrine), this has a remarkably low toxicity, and may 
therefore be of practical interest. 


Me Menme Etco—_Me 
(1) [xX | [ NR (II.) 
Me NPR Me 
.@) 

These N-substituted 2: 5-dimethylpyrroles readily underwent smooth Friedel-Crafts 
reactions with aluminium chloride and acid chlorides, to give ketones (II). For instance, from 
2 : 6-dimethyl-1-n-dodecylpyrrole and propionyl chloride in carbon disulphide, 3-propionyl- 
2 : 5-dimethyl-1-n-dodecylpyrrole was readily obtained; in the aromatic series, 1-vic.-o-xylyl- 
and 3-propionyl-1-vic.-o-xylyl-2 : 5-dimethylpyrrole were similarly prepared. Ketones bearing 
their carbonyl group attached to the aromatic substituent on the nitrogen atom were synthesised 
by condensing acetonylacetone with aromatic ketones having a nuclear amino-group; thus, 
m-aminoacetophenone and p-aminopropiophenone gave l-m-acetylphenyl- (III; R = Ac, 
R’ = H) and 1-p-propionylphenyl-2 : 5-dimethylpyrrole (III; R = H, R’ = COEt) respectively. 
It may be recalled in that respect that Hazlewood ef al. (Proc. Roy. Soc. New South Wales, 
1937, 71, 92) could not condense 6-aminoacetoveratrone with acetonylacetone. Both ketones 
(III) underwent Pfitzinger reactions with isatin giving 2-[m-(2 : 5-dimethyl-1-pyrryl)phenyl)- (IV; 
R’=A, R=R”=H) and 2-[p-(2: 5-dimethyl-1-pyrryl)phenyl)-3-methyl-cinchoninic acid 


Ru 
R~ Sa 


(III.) 


(IV; R= Me, R’ = H, R” = A); these substances are of interest because of their structural 
connection both with the liver-poison “‘ Atophan ” and with p-(2 : 5-dimethyl-1-pyrryl)phenyl- 
arsinic acid, a powerful icterogenic substance (cf. Fischer and Orth, ‘‘ Die Chemie des Pyrrols,” 
Vol. 1, p. 70, Leipzig, 1934). Decarboxylation by heat produced 2-[m-(2 : 5-dimethyl-1-pyrryl)- 
phenyl\quinoline. Use of 5-bromoisatin led to 6-bromo-2-[p-(2 : 5-dimethyl-1-pyrryl)phenyl)- 
3-methylcinchoninic acid. 

In view of the biological significance of the indole nucleus on the one hand, and of 
the occurrence of macrocyclic ketones in certain animal glands on the other, a number of 
2 : 3-cyclopolymethyleneindoles (V) have been prepared by means of a modified Fischer 
synthesis. cycloTridecanone, cyclopentadecanone, and cyclohexadecanone gave 2 : 3-undeca- 
methylene- (V; nm = 11), 2: 3-tridecamethylene- (V; n = 13), and 2 : 3-tetrvadecamethylene-indole- 
(V; m= 14), respectively. The phenylhydrazone of «-civetone could also be cyclised to 
cyclopentadec-9-eno(1’ : 2’-2 : 3)indole (VI) (for indolisation of ethylenic ketones, see Buu-Hoi 
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and Royer, Rec. Trav. chim., 1947, 66, 308). Unlike-the corresponding ketones, these macro- 
cyclic indoles are devoid of marked odour. A Pfitzinger reaction with cyclotridecanone and 


R 
6: Oot ACHg]) ¢ o/s 
ICH]. OL (CH,] 
Ww AA (CH,] 7“ pie \ m 13 
H 
(V.). H vi ) (VII.) 


isatin yielded 2: 3-undecamethylenecinchoninic acid (VII; R= CO,H) which was readily 
decarboxylated to 2: 3-undecamethylenequinoline (VII; R =H) (for analogous macrocyclic 
compounds, see Buu-Hoi and Royer, Rec. Trav. chim., 1947, 66, 300). 

In the same line of research, and in view of the normal occurrence of scatole among the 
products of animal excreta, an extensive study has been made of the synthesis of 3-alkyl-indoles 
bearing various aromatic or heterocyclic substituents in the 2-position. Such substances were 
found to be readily accessible by cyclisation of the phenylhydrazones of aryl alkyl ketones by dry 
hydrochloric acid in pure acetic acid ; it should be mentioned in this respect that the phenylhydr- 
azones of aryl methyl ketones could not be indolised to any significant extent by this reagent. 
2-p-Ethylphenyl-, 2-p-isopropylphenyl-, 2-p-tert.-butylphenyl-, 2-3’-pyrenyl-, and 2-2’-tetvalyl-3- 
methylindole, and 2-2’-tetralyl-3-ethylindole were thus easily obtained. Alkoxy-groups are 
present in various positions in 2-(4-methoxy-3-methylphenyl)-, 2-(4-methoxy-2-methylphenyl)-, 
2-(2-methoxy-5-methylphenyl)-,  2-(2-methoxy-3 : 4-dimethylphenyl)-, __2-(4-n-propoxy-2 : 5-di- 
methylphenyl)-, and 2-(4-ethoxy-5-isopropyl-2-methylphenyl)-3-methylindole. The hydrogen 
chloride-acetic acid method of indolisation proved particularly convenient for fragile ketones 
derived from polyphenols, such as 1-propionyl-3:4- and -2: 4-dimethoxybenzene [which 
readily gave 2-(3: 4- and 2-(2 : 4-dimethoxyphenyl)-3-methylindole], and 1-n-butyryl-3 : 4- and 
-2: 4-dimethoxybenzene [which formed 2-(3:4- and 2-(2 : 4-dimethoxyphenyl)-3-ethylindole}, , 
The presence of a nitro-group in the molecule of the ketone presents no obstacle to the reaction, 
since m-nitropropiophenone readily gave 2-m-nitrophenylscatole. Some indoles bearing a 
heterocyclic radical were also prepared by the same method, viz., 3-phenyl-2-3’-thionaphthenyl-, 
2-3’-dibenzfuryl-3-n-propyl-, and 2-3’-dibenzfuryl-3-n-butyl-, 2-(9-ethyl-3-carbazyl)-3-n-amyl-, and 
2-(6-nitro-9-ethyl-3-carbazyl)-3-n-amyl-indole. A remarkable feature in the substitution of 
indole molecules by nitro-groups is the unusual shift in light-absorption, resulting in orange- 
coloured substances, even when the substituent is not directly attached to the indole nucleus 
itself. This peculiarity is being spectographically investigated. 

Following an early suggestion made by E. Fischer that derivatives of piazselenole should 
be tested for potential anticarcinogenic properties (see Duisberg, E. Fischer’s 
obituary notice in Ber., 1919, 52, A, 161), and in view of the biological significance 
of the phenanthren enucleus, phenanthreno(9’ : 10’)-2 : 1 : 3-selenadiazole (VIII) 
was prepared by condensation of selenium dioxide with 9: 10-diamino- 

NY phenanthrene. However, this compound, tested against spontaneous adeno- 
carcinoma of the breast in mice proved to be highly toxic and showed no 

(VIII.) therapeutic effect, at least in the late stage of the disease (private communication 
from Professor Lacassagne). 

Most of the new substances mentioned above have been, or are now, under biological 

investigation by Professor Lacassagne. 


EXPERIMENTAL. 


2 : 5-Dimethyl-1-allylpyrrole-—Allylamine (10 g., a great excess) was added cautiously to ice-cooled 
acetonylacetone (10 g.); heat was evolved, and after a few minutes the mixture became turbid and 
deposited almost the theoretical amount of water. The mixture was fractionated by distillation, giving 
10 g. of 2: 5-dimethyl-1-allylpyrrole as a colourless liquid, b. p. 184°, with a pleasant camphoraceous 
odour, which became yellow on exposure to air (Found: C, 79-7; H, 9-8; N, 10-2. C,H,,N requires 
C, 80-0; H, 9-6; N, 10-4%). 

2: 5-Dimethyl-1 -n-hexylpyrvole. —A mixture of hexylamine (10 g.) and acetonylacetone (15 g.) was 
heated under reflux for } hour, and the reaction product fractionated in a vacuum; the N-substituted 
pyrrole (15 g.) formed a mobile colourless li oe oF 124—125°/14 mm., with an unpleasant aromatic 
odour (Found: N, 7-6. C,,H,,N requires 

2 : 5-Dimethyl-1-n- ~dodechipyivole (60 g.) Re ya obtained from acetonylacetone (35 g.) and 
n-dodecylamine (45 g.), as a colourless faint-smelling oil, b. p. 194—195°/15 mm. (Found: N, 5-2. 
C,,H,,N requires N, 5-3%). 

2 : 5-Dimethyl-1-n-octadecylpyrrole (15 g.), obtained from acetonylacetone (10 g.) and n-octadecyl- 
amine (10 g.), crystallised from light petroleum in long, colourless, almost odourless prisms, m.p. 44—45°, 
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b. p. 253—255°/15 mm., very soluble in the ordinary solvents (Found: N, 4:2. C,,H,,N requires 
N, 4:3 

Se sony : 5-dimethyl-1-n-dodecylpyrrole.—25 G. of 2 : 5-dimethyl-1-n-dodecylpyrrole and 10 g. 
of propionyl chloride were dissolved in dry carbon disulphide (100 c.c.); to the well-shaken, ice-cooled 
mixture, 25 g. of finely powdered aluminium chloride were gradually added ; no evolution of hydrogen 
chloride was noted, but a dark red halochromic colour appeared. After a further 3 hours at 0°, the 
mixture was poured on ice, the carbon disulphide layer separated and washed with water and then 
with dilute aqueous sodium hydroxide, the solvent removed, and the residue fractionated in a vacuum. 
The ketone (15 g.) was thus obtained as a viscous yellowish oil, b. p. 288—290°/22 mm., which darkened 
very rapidly in the open (Found: N, 4:2. C,,H3,ON requires N, 4-4%). 

1: 1’-Hexamethylenebis-(2 : 5-dimethylpyrrole) .—A mixture of freshly redistilled 1 : 6-diaminohexane 
(10 g.) and acetonylacetone (25 g.) was heated under reflux for 15 minutes, water being abundantly 
evolved; the reaction product solidified on cooling, and yielded after vacuum-distillation an almost 
quantitative yield of the bispyrrole, which crystallised from ethanol in elongated colourless prisms, 
m. p. 106°, b. p. 222—225°/17 mm. (Found: N, 10-2. C,,H,,N, requires N, 10-2%). 

1-vic. -o-Xy yi-2 : 5-dimethylpyrrole.—vic. -o-Xylidine (10 g.) was heated for 2 hours with acetonyl- 
acetone (10 g.) and some drops of acetic acid; the pyrrole obtained (12 g.) wasa mobile, i yellow oil, 
b. p. 160—161°/20 mm., with a strong odour o turpentine (Found: N, 7-0. C,,H,,N requires 
N, 70%). 

SS ERI : 5-dimethylpyrrole.—7 G. of the foregoing compound and 5 g. of propionyl 
chloride were dissolved in ice-cooled carbon disulphide (100 c.c.), and the mixture was treated with 
aluminium chloride (10 g.) as above; the ketone (4 g.), after vacuum-distillation (b. p. ca. 
250—255°/25 mm.) and crystallisation from methanol, formed colourless prisms, m. p. 121°, easily 
soluble in alcohol (Found: N, 5-5. C,,H,,ON requires N, 5-5%). 

l-vic.-mn-Xylyl-2 : 5- -dimethylpyrrole. —This compound, ‘obtained from vic.-m- xylidine (5 g.) and 
acetonylacetone (5 g.), formed a colourless oil, b. p. 155—157°/18 mm. (Found: N, 6:8. 
mae N, 7:0%). 

1-4’-0-Xylyl- -2 : 5-dimethylpyrrole.—Similarly obtained from 3 : 4-dimethylaniline (5 g.) and acetonyl- 
acetone (5 g.) as a fluid colourless oil, b. P. 154—156°/15 mm., this pyrrole crystallised from ligroin in 
woe). transparent prisms, m. p. 40—41°, very soluble in alcohol (found: N N, 6-8. C,,H,,N requires 
N, 70% 

3-Propionyl-1-4’-0-xylyl-2 : 5-dimethylpyrrole-—Prepared in the usual way with propionyl chloride 
(5 g.), 1-4’-o-xylyl-2 : 5-dimethylpyrrole (5 g.), and aluminium chloride (8 g.) in carbon disulphide 
(50 c.c.) (dark red halochromic coloration), this ketone (4 g.) was purified by distillation (b. p. ca. 
255—260°/24 mm.), and crystallised from aqueous methanol in colourless prisms, m. p. 113° (Found : 
N, He C,,H,,ON requires N, 55%). 

1-(6- Chloro-o-tolyl)- -2 : 5-dimethylpyrrole-—This product, obtained from 6-chloro-o-toluidine (5 g.) 
and acetonylacetone (5 g.), formed a pale yellow mobile oil, b. p. 146—148°/15 mm. (Found: N, 6-4 
4%). 


oea 


C,3;H,,NCl requires N, 6-4 
1-p- Chlorophenyl-2 : 5- -dimethylpyrrole crystallised from ligroin in hard colourless prisms, m. p. 56°, 
with a pleasant aromatic odour (Found: N, 6-8. C,,H,,NCl requires N, 6-8% 
1-(2-Methyl-5-isopropylphenyl)-2 : 5- -dimethylpyrrole was a pale yellow oil, b. P. 272—274° (Found : 
N, 4 C,,H,,N requires N, 6-1% 

1-p- -tert.- *Amyl ee 2 -2 3 5- ~dimethylpyrvole, obtained from -éert.-amylaniline (6 g.) and acetonyl- 
acetone (5 g.), formed, from ligroin, large shiny prisms, m. p. 96°, b. p. 302—303°, with a 
pleasant camphoraceous odour (Found: N, 5-7. C,,H,,N requires N, 5-8%). 

1-p-sec.-A mylphenyl-2 : 5-dimethylpyrrole, similarly prepared, formed, from light petroleum-—ether, 
large, transparent, quadrangular plates, b. p. 301—303°, m. p. 83—85° (Found: N, 5-6. C,,;H,,N 
requires N, 5-8%). 

as-m-Toluylene-1 : 1’-bis-(2 : 5- eee (10 g.), prepared from 2: 4-diaminotoluene (5-5 g.) 
and acetonylacetone (10 g.), crystallised from aqueous ethanol in large colourless prisms, m. p. 97° 
(Found: N, 10-0. C, ,H,,N, requires N, 10-1%). 

1-p-Dimethylaminophenyl-2 : 5-dimethylpyrvole.—This compound, obtained from -dimethylamino- 
aniline (10 g.) and acetonylacetone (10 g.) (rapid reaction), formed, from aqueous ethanol, colourless 
lustrous needles, m. p. 95° (Found: N, 13-2. C,,H,,N, requires N, 13-0%). 

1-o-Methylselenophenyl-2 : 5-dimethylpyrrole.—o-Aminoselenoanisole (7 g.) was prepared from the 
zinc salt of o-aminoselenophenol (10 g.) and methyl sulphate in the presence of aqueous sodium hydroxide, 
and was a pale 9 li = b. p. 137—138°/23 mm., with a strong nauseating smell of oysters (Found : 
N, 7-2. Calc. for C,H,NSe: N, 75%). 7G. of this amine were heated under reflux for 18 hours with 
acetonylacetone (10 g.) and a ‘drop of acetic acid, giving 1-0-methylselenophenyl-2 : 5-dimethylpyrrole 
(7 g.) which was purified by distillation (b. p. ca. 172—175°/20 mm.) and crystallised from ligroin in 
colourless plates, m. * i 95°, with the customary odour of 2: 5-substituted pyrroles (Found: N, 5-5. 
C,;H,,NSe requires 5-3%) 

1-(3-Methyl-2-pyridyl)- rp: oF simettiyspyrvele. —A mixture of 2-amino-3-methylpyridine (10 g.), 
acetonylacetone (10 g.), and 2 drops of acetic acid was heated under reflux for 48 hours, and the residue 
fractionated (b. p. 140—142°/13 mm.); the _— (15 g.) crystallised from light petroleum-ether in 
very long, fibrous, colourless prisms, m. p. 58° extremely soluble in ethanol, and with an anesthetising 
effect on the skin and the nasal mucous membrane similar to that of menthol (Found: N, 14:8. 
C,,H,,N, requires N, 15-0%). The additive compound with picric acid formed, from methanol, small 
yellow prisms, m. p. 127° (decomp.). 

1-(4-Methyl-2-pyridyl)-2 : 5-dimethylpyrrole, similarly prepared from ea 
crystallised from methanol or ligroin in hard transparent elongated prisms, m. p. 75°, p. 
154—156°/14 mm., extremely soluble in alcohol (Found: N, 15-1%). Its additive compound Mwitt 
Picric acid formed, from aqueous methanol, silky deep-yellow needles, m. p. 108—109° (decomp.). 

1- -(6-Methyl-2-pyridyl)- -2: 5-dimethylpyrvole, p ern Mf from 2-amino-6-methylpyridine, was a pale 

9A 
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yellow oil, b. p. 148—150°/13 mm., or 268—272°/760 mm. (Found: N, 15-3%), giving a picrate which 
crystallised from methanol in deep yellow prisms, m. p. 156—158° (decomp.). 

1-2’-Thiazyl-2 : 5-dimethylpyrrole—Obtained in poor yield from 2-aminothiazole (10 g.), acetonyl- 
acetone (10 g.), and a few drops of acetic acid in the usual way, this pyrrole was a pale yellow, mobile 
oil, b. p. 130—132°/13 mm., with a faint smell of tobacco, rapidly becoming brown in the air (Found: 
N, 15-5. C,H,)N,S requires N, 15-7%). 

1-Phenyl-4-(2 : 5-dimethyl-1-pyrryl)-2 : 3-dimethylpyrazol-5-one (‘‘ Pyrromidon”’).—This compound 
was obtained in quantitative yield by heating, under reflux for an hour, a mixture of 4-amino-]- 
phenyl-2 : 3-dimethylpyrazol-5-one (10 g.), acetonylacetone (10 g.), 2 drops of acetic acid, and 25 c.c, 
of ethanol; the reaction — which solidified on cooling, crystallised from methanol in hard colour- 
less prisms, m. p. 177° (Found: N, 15-1. C,,H,,ON, requires N, 14-9%). 

1-m-Acetylphenyl-2 : 5-dimethyl ole (II1; R= Ac, R’ = H).—A mixture of m-aminoacetophenone 
(10 g.), acetonylacetone (12 g.), and two drops of acetic acid was heated under reflux for 24 hours; the 
reaction product (90%) gave, on vacuum-distillation (b. p. ca. 190°/15 mm.) and crystallisation from 
methanol, hard colourless prisms, m. p. 71° (Found: , 6-4. C,,H,,ON requires N, 6-6%); the 
semicarbazone formed, from ethanol, glistening, colourless, sparingly soluble leaflets, m. p. ca. 217—219° 
(decomp.) (Found: N, 20-6. C,,H,,ON, requires N, 20-7%). 

2-(m-(2 : 5-Dimethyl-1-pyrryl)phenyl|cinchoninic Acid (IV; R’ = A, R = R” = H).—A solution of 
the foregoing ketone (5 g.), isatin (3-5 g.) and potassium hydroxide (4 g., in 2 c.c. of water) in ethanol 
(25 c.c.) was heated under reflux for 24 hours; the reaction mixture was diluted with water, the neutral 
impurities were removed by ether, and the cinchoninic acid precipitated by the addition of acetic acid 
(yield, 98%); it crystallised from methanol in cream-yellow fluffy needles, m. p. 243—244° (decomp.) 
(Found: N, 8-1. C,,H,,O,N, requires N, 8-2%). 2-[m-(2 : 5-Dimethyl-1-pyrryl)phenyl)quinoline, 
obtained by heating the acid above its m. p., formed, from methanol, fine yellow prisms, m. p. 107—108° 
(Found: N, 9-4. C,,H,,N, requires N, 9-4%), giving a picrate crystallising from chlorobenzene in 
fine deep-yellow needles. 

1-p-Propionylphenyl-2 : 5-dimethylpyrrole (III; R= H, R’ = COEt).—Obtained in 90% yield 
from p-aminopropiophenone (10 g.) and acetonylacetone (10 g.) as in the above instance, it formed, 
from methanol, elongated colourless prisms, m. p. 65°, b. p. ca. 196—197°/18 mm., very soluble in ethanol 
(Found: N, 5-8. C,;H,,;ON requires N, 6-1%). 

2-[p-(2 : 5-Dimethyl-1-pyrryl)phenyl)-3-methylcinchoninic Acid (IV; R= Me, R’ = H, R” = A).— 
Obtained in the usual way from the foregoing ketone (17 g.), isatin (4-5 g.) and potassium hydroxide 
(5-1 g.), this acid (90%) formed, from ethanol (sparingly soluble), colourless prisms, m. p. ca. 313—315° 
(decomp.) (Found: N, 8-0. C,;H,,O,N, requires N, 7:9%). Its decarboxylation yielded 2-[p-(2 : 5- 
oe ee ee et crystallising from ethanol in pale yellowish plates, m. p. 
152° (Found: N, 8-6. C,,H. N, requires N, 8-9%). 

6-Bromo-2-[p-(2 : 5-dimethyl-1-pyrryl)phenyl}-3-methylcinchoninic acid, prepared in the usual way by 
substituting 5-bromoisatin for isatin in the foregoing synthesis, crystallised from acetic acid in silky 
¥ 04%) needles, m. p. >310°, almost insoluble in ethanol (Found: N, 6-2. C,3H,gO,N,Br requires 

’ 6-4 ‘ole 

2 : 3-cycloUndecamethyleneindole (V; n = 11).—A mixture of cyclotridecanone (2 g.) and phenyl- 
hydrazine (3 g.) was heated above 100° until steam ceased to be evolved; after the mixture had cooled, 
15 c.c. of glacial acetic acid saturated with dry hydrogen chloride were cautiously added to the crude 
phenylhydrazone, and the mixture was boiled for 5 minutes and poured into water. The sticky jelly 
obtained was dissolved in benzene, the organic layer washed with water, the solvent removed, and the 
residue distilled in a vacuum (b. p. ca. 290—295°/50 mm.); after crystallisation from methanol, long, 
colourless, almost odourless, glistening needles, m. p. 116°, were obtained in almost quantitative yield 
(Found: N, 5:2. CygH,,N requires N, 5-2%); this indole gave a picrate forming, from ethanol, long 
silky violet needles, m. p. 139—140°. 

2 : 3-cycloTridecamethyleneindole (_V; nm = 13).—Obtained as above in almost quantitative yield 
from exaltone (2 g.) and phenylhydrazine (3 g.), this indole was purified by vacuum-distillation (b. p. ca. 
300—305°/40 mm.) and then crystallised from methanol in silky, colourless, odourless prisms, m. p. 
68—69° (Found: N, 4-6. C,,H;,N requires N, 4:7%). The picrate formed, from methanol, long 
brownish-violet needles, m. p. 132°. 

2 : 3-cycloTetradecamethyleneindole (V; nm = 14).—Similarly obtained from cyclohexadecanone, this 
compound formed fine colourless prisms, m. p. 72—73°, from methanol (Found: N, 4-5. Cy,.H;,N 
requires N, 4-5%); the corresponding picrate crystallised from methanol (very soluble) in long violet 
needles, m. p. 115—116°. 

cycloPentadec-9-eno(1’ : 2’-2: 3)indole (V1I).—a-Civetone (1 g.) was treated with phenylhydrazine 
(1-5 g.), and the phenylhydrazone (which was formed at room temperature) was cyclised in the usual 
way; the indole (VI) was an almost odourless, yellowish oil, b. p. 302—304°/13 mm., sparingly soluble 
in ethanol (Found: N, 4-0. C,,H;,N requires N, 4-1%); its picrate crystallised from methanol in 
long brownish-violet needles, m. p. 101°. 

2 : 3-Undecamethylenecinchoninic Acid.—A solution of cyclotridecanone (2 g.), isatin (1-5 g.), and 
potassium hydroxide (1-7 g. in 2 c.c. of water) in 20 c.c. of ethanol was heated under reflux for 24 hours 
and then poured into water; after ether-extraction and acidification of the aqueous layer with acetic 
acid, a cinchoninic acid was obtained in quantitative yield, this formed, from acetic acid, long, silky, 
glistening, colourless needles m. p. >320° (sublimation), very sparingly soluble in ethanol (Found : 
N, 4:0. C,,H,,O,N requires N, 4-3%). Decarboxylation of this product by heat yielded 2 : 3-wndeca- 
methylenequinoline (VII; R = H), crystallising from methanol in long silky colourless prisms, m. p. 80° 
(Found: N, 5-2. C,yH,,N requires N, 5-0%), the picrate of which formed long silky yellow prisms, 
m. p. 175°, from ethanol. 

2-p-Ethylphenylscatole——A mixture of p-ethylpropiophenone (2 g.) and phenylhydrazine (3 g.) was 
heated at about 180° until steam ceased to be evolved ; after cooling, the crude phenylhydrazone was boiled 
with 20 c.c. of acetic acid, saturated with dry hydrogen chloride, for 2 minutes; the reaction mixture 











’ 


ean BMP Bh’ O'S Oe 


=o 





[1949] 


was poured into water, the sticky mass dissolved in benzene, the organic layer washed with water and 


dried, the solvent removed, and the residual product distilled 
troleum, long glistening colourless 


crystallisation from light 


Carcinogenic Nitrogen Compounds. 


Part III. 


b. p. 238—240°/12 mm.) ; 
risms (2 g.), m. p. 68°, very soluble in 
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methanol, were obtained (Found: N, 6-1. C,,H,,N requires N, 5-9%). 
The compounds shown in the Table were prepared similarly. 
Crystn 
solvents 
and Found, Reqd., 
form. B. p M. p Formula. ' % -N, %. 
Indoles. 
2-p-isoPropylphenyl-3-methyl * or i Cy,HyN 5-6 5-6 
mm 
2-(2 : 4: 5-Trimethylphenyl)-3-methyl g Ty ” 5-8 5-6 
mm 
2-p-tert.-Butylphenyl-3-methyl A, 285—290°/ 109° C,,H,,N 5-1 5-3 
prisms 35 mm 
2-2’-Tetralyl-3-methyl ® a =! 93 CyysHiyN 5-2 5-3 
5 mm. 
2-2’-Tetralyl-3-ethyl ‘ tal 95 CyapH,,N 5-1 5-0 
mm 
yh dia eae Pr 133 C,,H,,0ON 5-5 5-5 
meth 
2-(4-Methoxy-2-methyl phenyl) -3- “a ca. 250°/ 117 Pri 5-2 5-5 
methyl 15 mm. 
2-(2-Methoxy-5-methylphenyl)-3- B, 238—240°/ 83 “a 5-5 5-5 
methyl needles 12 mm 
2-(2-Methoxy-3 : 4-dimethylphenyl)- od 280—284°/ 66 C,,H,,ON 5-0 5-0 
3-methyl 38 mm. 
2-(4-n-Propoxy-2 : 5-dimethylphenyl)- A, 268—270°/ 114—115 C,H,,OH 4:8 4:7 
3-methyl * lates 14 mm. 
2-(4-Ethoxy-2-methyl-5-isopropyl- As 275—276°/ 128 C,,H,,ON 4:8 4-5 
phenyl)-3-methyl 4 30 mm 
2-(3 : 4-Dimethoxyphenyl)-3-methyl § C, 198 C,,H,,0,N 5-0 5-2 
needles 
2(-2 : 4-Dimethoxyphenyl)-3-methyl A, 87—88 % 5-2 5-2 
lates 
2-(3 : 4-Dimethoxyphenyl)-3-ethyl , C, 211 C,,H,,0,N 5-1 4-9 
needles 
2-(2 : 4-Dimethoxyphenyl)-3-ethyl 94 > 5-0 4-9 
needles 
2-m-Nitrophenyl-3-methyl ¢ C, 157 C,;H,,0,N, 11:2 11-1 
needles 
3-Phenyl-2-3’-thionaphthenyl ? B, 166 C,,H,;NS 3-8 4-0 
needles 
2-3’-Dibenzfuryl-3-n-propyl ® A, 325—328°/ 90—92 C,,H,,ON 4:5 4-3 
needles 16 mm. 
2-3’-Dibenzfuryl-3-n-butyl ® 122 C,,H,,ON 4:2 41 
needles 
2-(9-Ethyl-3-carbazolyl)-3-n-amyl 1° D, 146 C,,H,,N, 7-2 7-4 
needles 
2-(6-Nitro-9-ethyl-3-carbazolyl)-3-n- je 177 Cy7H,;0,N, 10-0 9-9 


amyl 11 


Solvents: A, methanol; B, ligroin; C, ethanol; D, ethanol—benzene. 





1 Faint odour of indole. * Mauve fluorescence in alcohol. * From 4-n-propoxy-2 : 5-dimethyl- 
propiophenone (cf. De Clerq and Buu-Hoi, Compt. rend., 1948, 227, 1377). * From 4-ethoxy-2- 
methyl-5-isopropylpropiophenone (idem, ibid.). * Brownish-yellow colour in sulphuric acid. 
* Orange-yellow; not distilled. * From 3-phenylacetylthionaphthen (Buu-Hoi and Cagniant, Rec. 
Trav. chim., 1948, 67, 70); yellow; gives a brownish-violet picrate. * From 3-n-valeryldibenzfuran 
(cf. Buu-Hoi and Royer, ibid., p. 175). * From 3-n-hexoyldibenzfuran (idem, ibid.); intense violet 
fluorescence in benzene; picrate, long violet-red needles, m. p. 141°. 1° Orange-yellow in sulphuric 
acid. 1 From the preceding compound by concentrated nitric acid; decomposes when distilled in 
vacuum; orange needles. 


3-n-Heptoyl-9-ethylcarbazole.—Finely powdered aluminium chloride (18 g.) was stirred in small 
portions into an ice-cooled solution of 9-ethylcarbazole (20 g.) and heptoyl chloride (19 g.) in carbon 
disulphide (150 c.c.) or in dry benzene. After 24 hours at room temperature, the dark reaction product 
was poured on ice; the organic layer was washed with dilute aqueous sodium hydroxide and then with 
water and dried (Na,SO,), the solvent evaporated, and the residue distilled in a vacuum. The ketone 
(12 g.) had b. p. 295—300°/13 mm., and c i from methanol in colourless needles, m. p. 67° 
(Found: C, 82:1; H, 8-3; N, 4-4. C,,H,,;ON requires C, 82-0; H, 8-1; N, 45%). Treatment ofa 


cold solution of this ketone in acetic acid with nitric acid (d 1-49) readily yielded 6-nitro-3-n-heptoyl- 
ir 4 soluble in ethanol (Found: C, 71-3; 
. 7: 0} « 


9-ethylcarbazole as silky, ot yellow needles, m. 


p. 117°, 
H, 7-1; N, 7-6. Cy,Hyy 


3N, requires C, 71-5; H, 6-8; 
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2-3’-Pyrenylscatole——This compound, obtained from 3-propionylpyrene (readily prepared from 
pyrene, propionyl chloride, and aluminium chloride in benzene), had b. p. >350°/12 mm., and 
crystallised from ethanol (very sparingly soluble) in fine yellow needles, m. p. 172°, the benzene solutions 
of which showed a strong green fluorescence; sulphuric acid produced a deep brownish-red halochromic 
colour (Found: N, 4:0. C,,H,,N requires N, 4-2%). 

Phenanthreno(¥ : 10’)-2 : 1 : 3-selenodiazole (VIII).—9 : 10-Diaminophenanthrene dihydrochloride (7 g.), 
finely powdered selenium dioxide (2 g.), and sodium acetate (excess) in ethanol were heated under 
reflux for a few minutes; the precipitate, collected after cooling, was washed with water and 
recrystallised from ethanol—benzene, giving shiny yellow needles, m. p. 209—210° (sublimation and 
a at : N, 10-0. C,,H,N,Se requires N, 9-9%); sulphuric acid produced a deep brownish- 
yellow colour. 


This work is part of a cancer research, carried out under Professor A. Lacassagne and financially 
aided by the United States Public Health Service (Federal Security Agency) ; the author thanks the 
authorities concerned, and also Dr. M. Stoll, of Messrs. Chuit and Naef, Geneva, for kindly supplying 


the macrocyclic ketones used in this work, and expresses his gratitude to Professor L. F. Fieser for his 
kind encouragement. 
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610. The Synthesis of 10-Substituted 9 : 10-Dihydroarsanthridines. 
By GERALD H. Cookson and FREDERICK G. MANN. 


Two synthetic routes have been developed for the preparation of alkyl(or aryl)-o-phenyl- 
benzylchloroarsines, which under the influence of aluminium chloride undergo ready cyclisation 
to the corresponding 10-alkyl(or aryl)-9 : 10-dihydroarsanthridines (II), of which a number of 
derivatives has been prepared. Evidence is adduced that in this novel heterocylic system the 
two benzene rings are not coplanar, and the stereochemistry of these compounds and their 
quaternary arsonium salts is discussed. 


It is extremely rare for a 3-covalent arsenic atom, which is a member of a ring system, to be 
bound to neighbouring carbon atoms by one single and one double bond; in fact, decisive 
evidence is still lacking for the constitution of phenarsazine and arsanthren, the only two 
compounds in which the presence of such a grouping has been claimed (Wieland and Reinheimer, 
Annalen, 1921, 423, 16; Kalb, ibid., p. 66). Consequently the arsenic analogue of phen- 
anthridine, which we have termed “ arsanthridine ” (I), assuming it is capable of existence, 


a) SY ~S—<)S w 


is probably highly unstable. We have therefore investigated the synthesis of the hitherto 
unknown 9: 10-dihydroarsanthridine ring system (II), which could reasonably be expected 
to possess a greater stability than the parent compound (I). 

Compounds of type (II), in-which R may be an alkyl or aryl group, are of interest for several 
reasons. Clearly they contain the same type of ring system as that in both the 
1: 2:3: 4-tetrahydroarsinolines of Burrows and Turner (jJ., 1921, 119, 430) and the 1: 2:3: 4- 
tetrahydroisoarsinolines of Holliman and Mann (J., 1943, 547); they can be regarded as benz- 
derivatives of the dihydro-form of either of these systems. Furthermore there is considerable 
evidence that the tricyclic ring system in (II) cannot be planar, and the stereochemistry of 
such compounds consequently presents very interesting features, which are discussed later. 
On the therapeutic side, the fact that many phenanthridine derivatives, e.g., 2 : 7-diamino-9- 
phenyl-10-methylphenanthridinium chloride (Walls, J., 1945, 294), possess marked trypanocidal 
activity indicates that the possible therapeutic properties of analogous arsanthridine compounds 
should not be ignored. 

In our earlier attempts to synthesise compounds of type (II), we experienced considerable 
(and expected) difficulties because many of the intermediate compounds possessed a substituted 
benzyl group directly attached to an arsenic atom, and such groups are notoriously labile. We 
have however successfully developed two synthetic routes (leading essentially to the same 
penultimate stage), and in the second of these routes the labile character of the benzyl group 
has been advantageously employed. 

In the first method, o-phenylbenzyl chloride (III) was converted into a Grignard reagent 
which, when treated with dimethyliodoarsine, gave o-phenylbenzyldimethylarsine (IV), 4 
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liquid characterised by a methiodide and a dichloropalladium derivative. The tertiary arsine 
(IV) in carbon tetrachloride solution was then treated with chlorine to form the arsine 
dichloride (V). Distillation of the solvent caused the dichloride (V) to lose methyl chloride 
with the production of o-phenylbenzylmethylchloroarsine (VI). This crude product without 
purification was cyclised in carbon disulphide solution in the presence of aluminium chloride, 
and 10-methyl-9 : 10-dihydroarsanthridine (VII) thus obtained; since this arsine did not 
crystallise, it was characterised by conversion into its crystalline methiodide, i.e., as 10 : 10-di- 
methyl-9 ; 10-dithydroarsanthridinium iodide. 
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~CH,Cl CH,Br 
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CH,’AsMe, (IX.) AsPh on WA \ph Br 
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~CH,*AsMe,Cl, ms, 
v H, 
- (XI) Cl, AsPh 
(VI.) < Sph “CH, 
ez  Srn 
ONLY Pe ug ae 
— am ~CH,-AsPhCl ae” ar 
H,-AsMe H,-AsPh 
(VII.) (XII) (XIIL.) 


In our second method we have utilised phenylarsinebis(magnesium bromide), PhyAs(MgBr)., 
prepared by the interaction of phenylmagnesium bromide and phenylarsine (cf. Job, Reich, 
and Vergnaud, Bull. Soc. chim., 1924, 35, 1404; Blicke and Oneto, J. Amer. Chem. Soc., 1935, 
57, 749). When two molecular proportions of o-phenylbenzyl bromide (VIII) were treated 
with one of this di-Grignard reagent, the crystalline phenylbis-o-phenylbenzylarsine (IX) was 
obtained. Alternatively, the bromo-compound (VIII) was combined with phenyldimethyl- 
arsine to give phenyl-o-phenylbenzyldimethylarsonium bromide (X) which on heating 
dissociated to give both the required tertiary arsine (IX) and s-bis-2-diphenylylethane. This 
reaction illustrates the ready migration of the o-phenylbenzyl group. Since other reactions 
also occurred, this method is far less satisfactory than that using the above di-Grignard 
reagent. 

The arsine (IX) was next converted into the arsine dichloride (XI), which when heated 
readily lost one of the benzyl groups to give phenyl-o-phenylbenzylchloroarsine (XII). This 
crude product when cyclised in carbon disulphide solution with aluminium chloride gave 
10-phenyl-9 : 10-dihydroarsanthridine (XIII), characterised as its crystalline methiodide, 
methopicrate, and dichloropalladium and dibromopalladium derivatives (C,,H,,As),PdX,. 

A scale diagram of the 9 : 10-dihydroarsanthridine ring system is shown in Fig. 1, in which 
the two aromatic rings have been drawn in the plane of the paper, using bond-lengths in the 
benzene rings intermediate between those in benzene and in diphenyl, and circles have been 
drawn around the centres of the methylene carbon atom and the arsenic atom. with radii 
appropriate for a single C-As bond. These overlap to a considerable extent, and consequently 
the —CH,°As~ bridge can be accommodated only if the two aromatic rings are twisted relatively 
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to one another about the central diphenyl bond. The angle thus subtended between these 
two rings, calculated on the basis of the distances used in constructing Fig. 1, is 34°. 

It will be seen therefore that a 10-substituted 9 : 10-dihydroarsanthridine (II) must possess 
molecular dis-symmetry, and a quaternary salt (XIV), having two unlike groups joined to the 
arsenic atom, would in addition have an asymmetric arsenic atom. Such a compound should 
therefore be capable of existing in two racemic forms. It would be stereochemically similar to 
phenyldihydrothebaine, which Robinson (Nature, 1947, 160, 815) has shown to contain twisted 
diphenyl rings linked through the 2: 2’-positions by a third ring containing one asymmetric 
carbon atom. 

Fie. 1. 


Scale diagram of the 9 : 10-dihydroarsanthridine ring system. 


* 


la. ‘ 
Bond lengths (a) used. Observed bond lengths. 
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(The observed bond lengths are taken from Wheland, ‘‘ The Theory of Resonance,” 1944, pp. 286—296.) 


In view of these results, the ultra-violet absorption spectra of certain of the above 
arsanthridinium salts have been determined. Diphenyl has a characteristic absorption band 
at 252 mu. (¢,,x, 17,000), which is considered to be due to the excited states arising from the 
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(XIV.) (XVa.) (XVb.) 


10 different ionic structures such as (XVa) and (XVb), in all of which the central double bond 
requires the two benzene rings to be co-planar. If the presence of substituents caused these 
rings to be permanently twisted (i.e., non-coplanar), this band should therefore disappear. If 
however, the nature of these substituents, while causing a general twisting of the rings, allowed 
also a certain amount of oscillation of the rings about the coplanar position, this band should 
be still present but with considerably reduced intensity. Rodebush ef al. (J. Amer. Chem. Soc., 
1940, 62, 2906; 1941, 63, 3018) consider that the absence of this band is a much more sensitive 
test for restricted rotation in diphenyl derivatives than is optical resolution. For example, a 
scale diagram of 2 : 2’-dimethyldiphenyl shows that when the rings are coplanar the van der 
Waals radii of the methyl groups and the 6 : 6’-hydrogen atoms overlap, and Rodebush ¢é¢ al. 
have shown that this compound does not possess the diphenyl absorption band. On the other 
hand, 9: 10-dihydrophenanthrene, in which the covalently-bound methylene carbon atoms 
can approach one another more closely, shows an absorption band of the same intensity as that 
of diphenyl but displaced to 265 mu. 

In Fig. 2 age shown the absorption bands of 10 : 10-dimethyl-9 : 10-dihydroarsanthridinium 
iodide (A) and of the 10-phenyl-10-methyl analogue (B). The two spectra are closely similar, 
the former having a marked band at 268 mu., ¢,,,, 11,100, and the latter at 269 mu., Emax. 
9,600. In contrast to these compounds, the spectra of two other arsonium salts having a 
diphenyl group without the third heterocyclic ring have been determined. In Fig. 3 are shown 
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the spectra of o-phenylbenzyltrimethylarsonium iodide (C) and of phenyl-p-phenylbenzyl- 
dimethylarsonium bromide (D). The spectrum of the former of these two compounds shows no 
indication of the diphenyl band, and it would follow that in this compound restricted rotation 
is complete, t.e., the benzene rings are never coplanar. In compound (D) however, where 
restricted rotation cannot occur, a marked band occurs at 261 MU., Emax. 26,700; this is closely 
similar to that of diphenyl, but far more intense. A stricter comparison could have been 
obtained by using  phenyl-o-phenylbenzyldimethylarsonium bromide in place of the 
compound (C), but this bromide and the corresponding iodide proved too deliquescent for 
accurate work. 


Fic. 2. 





Fic. 3. 
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(C) 0o-Phenylbenzyltrimethylarsonium iodide. 
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{A) 10: 10-Dimethyl-9 : 10-dihydroarsanthridinium 
iodide. 

(B) 10-Phenyl-10-methyl-9 : 10-dihydroarsanthridinium 
iodide. 


The significance of the absorption bands of the arsanthridinium salts (A) and (B) is 
uncertain. The bands at 268 and 269 my. may be diphenyl absorption bands slightly displaced 
and reduced in intensity; if so, they indicate that the twisted rings of the diphenyl portion 
of the molecule do undergo some oscillation about the coplanar position. On the other hand, 
both 2-phenyl-2-p-chlorophenacyl-1 : 2 : 3 : 4-tetrahydroisoarsinolinium bromide and As-spiro- 
bis-1 : 2: 3: 4-tetrahydroisoarsinolinium iodide show absorption bands at 263 muy., tus 
10,500, and 263 muy., ¢,,, 810, respectively (Holliman and Mann, J., 1943, 552; 1945, 46). 
These bands were ascribed to the presence of the o-phenylene groups in these compounds. In 
view of the almost identical position of these bands in the two sets of compounds, the structural 
significance of these spectra must at present remain uncertain. The absorption spectra of other 
heterocyclic arsonium salts are being investigated to obtain further evidence on this subject. 

The stereochemical features and therapeutic properties of the 9 : 10-dihydroarsanthridine 
derivatives are being investigated. , 

EXPERIMENTAL. 

2-Nitrodiphenyl was prepared by the nitration of diphenyl (Morgan and Walls, J. Soc. Chem. Ind., 
1930, 49, 151) and by the Gomberg reaction between diazotised o-nitroaniline and benzene (Elks, Haworth, 
and Hey, J., 1940, 1284). Although the yields were 25% and 40% respectively, the former method 
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proved by far the more convenient. Morgan and Walls (Joc. cit.) reduced this compound to 2-amino- 
diphenyl with iron and hydrochloric acid. We have reduced the nitro-compound in batches of 150 g. 
in ethanol solution by hydrogen at 75 atmospheres in the presence of Raney nickel. The reaction 
began at ca. 80°, and if necessary stirring was temporarily stopped to prevent the temperature rising 
above 100°. The amine had b. p. 166—168°/16 mm., m. p. 47—48°; yield, 90%. It was then converted 
into 2-iododiphenyl by Cook’s method (J., 1930, 1090). 

o-Phenylbenzyl (2-Diphe pee gh mena Alcohol.—The middle neck of a 3-necked flask of 1-1. capacity was 
fitted with a mercury stirrer and a reflux condenser; one of the outer necks was fitted with a 
dropping-funnel yon the other closed during the formation ofa Grignard reagent prepared by the action 
of 2-iododiphenyl] (127 g.) in ether (210 c.c.) on magnesium (12-2 g.) under ether (40 c.c.). The reaction 
was started by a crystal of iodine and, after all the iododipheny] solution had been slowly added through 
the funnel, was completed by heating the mixture under reflux for 30 minutes. Benzene (100 c.c.) was 
then added. 

The third neck of the flask was next fitted with a glass tube of ca. 12 mm. internal diameter which 
reached to 2 cm. above the surface of the liquid. The other end of the tube was connected to a flask 
containing paraformaldehyde (30 g.), previously thoroughly dried (cf. Gilman and Catlin, Org. Synth., 
Coll. Vol. I, p. 188). The paraformaldehyde was heated in a bath at 200°, and the depolymerised 
formaldehyde swept by a slow stream of nitrogen into the flask containing the Grignard solution which 
was cooled in ice and vigorously stirred. This was continued until Gilman’s test for a Grignard reagent 
(formation of a dye with Michler’s ketone) was negative, a period of ca. 30 minutes being required. The 
stream of formaldehyde was then stopped, and the mixture boiled under reflux for 15 minutes, cooled, 
and hydrolysed with dilute sulphuric acid. The organic layer when dried (Na,SO,) and distilled gave 
two fractions, (a) diphenyl, ' a 90—100°/0-6 mm. (11 g.), and (b) o-phenylbenzyl alcohol, b. p. 
136—138°/0-5 mm. (55 g., 66%). The alcohol had m. p. 45—49°, increased to 50—51° by 
recrystallisation from cyclohexane. Von Braun and Manz (Amnalen, 1929, 468, 258) obtained this 
alcohol as an oil, b. p. 174°/13 mm., by the action of nitrous acid on o- phenylbenzylamine. 

The residue from the fractionation consisted chiefly of the acetal, (Ph-C,H,°CH,°O),CH,, b. p. 
230—240°/0-4 mm. If too much formaldehyde was used, the yield of the acetal increased; but, since 
the acetal was readily decomposed by hydrobromic acid, the total yield of bromide (VIII) (see below) 
was almost unaffected. 

o-Phenylbenzyl bromide (VIII) was obtained by heating the alcohol for 4 hours under reflux with 
hydrobromic acid of constant b. p. It had b. p. 129—130°/0-4 mm., 179—181°/20 mm.; yield, 77% 
(cf. von Braun and Manz, loc. cit.). The acetal, similarly treated, gave a further 8-4 g. of the bromide, 
the over-all yield of which from the 2-iododiphenyl was 58%. 

The chloride (III), and the iodide, were similarly prepared from the alcohol. 

Small amounts of by-products were obtained when the bromide was purified. One was apparently 
1 : 2-dibromo-1 : 2-di-2’-diphenylylethane, m. p. 101—101-5° (depressed to 50—57° by admixture with 
p-phenylbenzyl bromide of m. p. 82°) (Found: C, 63-6; H, 4-3. C,H, Br, requires C, 63-4; H, 4:1%). 
On one occasion treatment of the acetal with hydrobromic acid also gave a small quantity of 1 : 2-di-2’- 
diphenylylethane. 

The o-phenylbenzyl bromide (VIII) was characterised by warming it with pyridine: the colourless 
crystals of o-phenylbenzylpyridinium bromide which separated were collected and recrystallised from 
ethanolic cyclohexane and had m. p. 181—183° (Found: C, 66-9; H, 5-0. C,,H,,NBr requires C, 66-3; 
H, 4:9%). The iodide, similarly Fag and recrystallised from ethanol, had m. p- 181—185° 
(decomp.) (Found: C, 57:55; H, ; N, 3-7. C,,H,,NI requires C, 57-9; .H, 4:3; N, 3-75%). The 
picrate, prepared from the prem f > aqueous solution with sodium picrate, formed golden needles (from 
ethanol), m. p. 114—115° (Found: C, 61-2; H, 4:0; N, 12-1. C,,H,,0,N, requires C, 60-7; H, 3-8; 
N, 11-8%). 

The possible formation of a Grignard reagent by the interaction of magnesium with o-phenylbenzyl 
chloride (III) and bromide (VIII) under standard conditions was carefully investigated, the ethereal 
solution after complete reaction being treated with a considerable excess of solid carbon dioxide in order 
to estimate the Grignard reagent as 2-diphenylylacetic acid. It was found that the chloride (III) gave 
this acid = 48% yield as colourless crystals, m. p. 114° (Found: C, 79-0; H, 5-7. Calc. for C,4H,0,: 
C, 79:2; H, 5-7%), and also 1 : 2-di-2’-diphenylylethane in 7% yield. The bromide (VIII) however gave 
vag acid ~ ‘negligible yield (ca. 0-5%), but gave the above ethane in 95% yield as colourless needles, 

p. 116—117° (Found: C, 93-4; H, 6-5. Calc. for C,,H,.: C, 93-4; H, 6-6%). von Braun and 
Mona (loc. cit.) prepared this hydrocarbon by the action of sodium on an ethereal solution of the bromide, 
and describe it as an oil, b. p. 260°/12 mm. It is clear that the bromide (VIII) cannot be used for the 
preparation of a Grignard reagent under normal conditions. 

o-Phenylbenzyldimethylarsine (IV).—A Grignard reagent was prepared under a nitrogen atmosphere 
by adding a solution of the chloride (III) (19 g., 1 mol.) in ether (60 c.c.) to magnesium (4-4 g., 
1-9 atoms) under ether (10 c.c.), the reaction being initiated by methyl iodide, and the chloride solution 
then added at such a rate that the mixture remained hot but did not boil (ca. 50 minutes). The 
complete mixture was then boiled under reflux for 15 minutes, and chilled while a solution of dimethyl- 
iodoarsine (13-9 g., 0-64 mol.) in benzene (25 c.c.) was added during 10 minutes. The mixture was 
heated under reflux for 1 hour, cooled, and hydrolysed with aqueous ammonium chloride, the organic 
layer being then collected, dried, and filtered under carbon dioxide. After removal of the solvent, 
distillation at 0-4 mm. gave 4 indefinite liquid fractions: (a) b. p. 84—90° (0-43 g.), (6) b. p. 90—103° 
(3-1 g.), (c) b. p. 115—124° (2-6 g.), and (d) b. p. 124—126° (9-8 g.). Only a very small non-volatile 
residue remained. Fraction (d) was the required arsine (IV), and the yield is 60% based on the iodo- 
arsine used. 

This arsine (IV) had an unpleasant smell and rapidly became turbid on exposure to the air. It was 
therefore characterised by combination with methyl] iodide (which occurred readily at room temperature) 
to give Ces a ol Ct TAs iodide, colourless crystals, m. p- 232—235°, from ethanol 
(Found : 46-3; 5-1. CygH,lAs requires C, 46-4; H, 48%), and by reaction with ammonium 
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palladochloride to give dichlorobis(o-phenylbenzyldimethylarsine)palladium, which separated as the 
pale orange crystalline monohydrate, m. p. 150°, from aqueous acetone (Found: C, 48-7; H, 5-3. 
CyoH ,Cl,As,Pd,H,O requires C, 48-65; H, 49%). 

Methiodide of 10-Methyl-9 : 10-dihydroarsanthridine oe : 10-dihydro-9-arsaphenanthrene *) 
(VII).—A solution of the arsine (IV) (9-2 g.) in carbon tetrachloride (15 c.c.) was cooled in ice and stirred 
under an atmosphere of carbon dioxide while a solution of chlorine (2-4 g., 1 mol.) in carbon tetrachloride 
(40 c.c.) was added during 30 minutes. The solution deposited stout colourless crystals, undoubtedly 
of the arsine dichloride (V), but no attempt to isolate them was made. The solvent was then removed 
under very slightly reduced pressure, much foaming occurring initially presumably owing to the 
evolution of methyl chloride. The residue was finally heated to 150°/30 mm. for a short time. 

The distillate of carbon tetrachloride undoubtedly contained some dimethylchloroarsine. Some of 
this evil-smelling oil which remained in the side-arm of the distilling flask was shaken with an aqueous 
solution of potassium palladochloride, whereby a yellow precipitate of dichlorobis(dimethylarsinous 
acid)palladium, [(Me,As*OH),PdCl,], was obtained. This compound separated from ethanol as pale 
lemon-coloured crystals, which when heated became orange at ca. 130° and ultimately black, decomposing 
at ca. 250° with the deposition of a mirror of palladium (Found: C, 11-7; H, 3:1; Pd, 26-3. 
C,H,,0,Cl,As,Pd requires C, 11-4; H, 3-3; Pd, 25-3%). 

The above residue, which contained the crude chloroarsine (VI), was dissolved in carbon disulphide 
(30 c.c.), cooled to 0°, and treated with freshly sublimed aluminium chloride (6 g.). The containing 
flask was then fitted with a reflux condenser closed by a calcium chloride tube, and removed from the 
ice-bath. The mixture became warm spontaneously and evolved hydrogen chloride. It was heated 
under reflux for 5 hours and then cooled, and the carbon disulphide decanted from the lower deep- 
violet layer. The disulphide on evaporation left only diphenyl (0-6 g.). 

The violet layer was poured on crushed ice, which converted it into a yellow oil. This was extracted 
with chloroform, dried, and distilled in carbon dioxide at 0-1 mm., giving the fractions: (a) b. p. 
80—110° (0-22 g.), diphenyl, (b) b. p. 121—128° (0-5 g.), a yellow oil, and (c) b. p. 145—200° (0-25 g.), a 
yellow oil. Fractions (b) and (c) consisted of unchanged arsine (IV) and the required methyl- 
arsanthridine (VII), the latter being present in larger proportion in fraction (c). The arsines were 
separated (in both fractions) by dissolution in warm methyl iodide, whereupon the methiodide of the 
arsine (IV) rapidly crystallised and was collected after a few minutes. The filtrate when set aside 
overnight deposited the methiodide of the arsine (VII), i.e., 10 : 10-dimethyl-9 : 10-dihydroarsanthridinium 
iodide [Fraction (c) thus yielded 0-11 g. of the former and 0-3 g. of the latter methiodide]. The 
colourless arsanthridinium iodide crystallised from ethanol as the hemihydrate, m. p. 210—215° 
(effervescence) depressed by admixture with the former iodide (Found: C, 44:2; H, 4-1. 
C,;H,,1As,}H,O requires C, 44-25; H, 42%). This hydrate when placed in a vacuum over phosphoric 
anhydride gave the pure iodide, m. p. 212—215° (slight effervescence) (Found: C, 45-2; H, 4-0. 
C,;H,.IAs requires C, 45-25; H, 4-0%). 

Phenylbis-o-phenylbenzylarsine (IX).—(A) A Grignard reagent was prepared under nitrogen from 
bromobenzene (29-6 g., 2-1 mols.) and magnesium (4-7 g.) in ether (100 c.c.). This solution was cooled 
and stirred while a solution of phenylarsine (13-8 g., 1 mol.) in benzene (40 c.c.) was added. The dark 
brown solution was heated under reflux for 30 minutes and then cooled, and a solution of o-phenyl- 
benzyl bromide (VIII) (42-5 g., 1-9 mols.) in benzene (70 c.c.) was added during 20 minutes. The pale 
yellow mixture was boiled under reflux for 1 hour, cooled, and hydrolysed with aqueous ammonium 
chloride. The organic layer was separated, dried, and filtered in a carbon dioxide atmosphere. The 
solvents were removed and the residue heated at 0-1 mm. until a distillate (3-7 g.), consisting mainly of 
unchanged bromide (VIII) had collected. The pale yellow residue of the crude arsine (IX) (39-3 g., 
94% calculated on the bromide taken) slowly crystallised on cooling. 

The crude arsine (IX) could be distilled at ca. 225°/5 x 10-* mm. but partial decomposition to give 
arsenic occurred. Repeated recrystallisation from ethanol, before or after distillation, gave large 
well-formed colourless crystals, m. p. 70—77°, unaffected by the use of charcoal or by recrystallisation 
under carbon dioxide (Found: C, 79-0; H, 6-1. C,,H,,As requires C, 79-0; H, 56%). This material 
contained a trace of phenylarsine oxide, since when boiled with an ethanolic solution of piperidine 
N-pentamethylenedithiocarbamate it gave a small yield of phenylarsinobis-(N-pentamethylenedi- 
thiourethane), m. p. 173°, unchanged by admixture with an authentic sample. The arsine (IX) 
recovered from this mother-liquor and recrystallised had m. p. 80—83° (Found: C, 78-9; H, 5-85%) 
and was clearly purer. 

An acetone solution of this arsine when treated with aqueous potassium palladochloride gave 
dichlorobis(phenylbis-o-phenylbenzylarsine) palladium, which separated from aqueous dioxan as orange 
needles which had 2-5 mols. of water of crystallisation and m. p. 188—190° (decomp.) (Found : C, 64-3; 
H, 5-3. C,g,H,,Cl,As,Pd,2-5H,O requires C, 64:3; H, 4-9%). These crystals, when heated at 
137°/0-05 mm., gave the anhydrous compound of unchanged m. p. (Found: C, 67-1; H, 4-6. 
C,,H,,Cl,As,Pd requires C, 66-8; H, 47%). 

The arsine, when treated with 15% ethanolic mercuric chloride, gave the mercurichloride, which 
after crystallisation from ethanol gave white crystals, which decomposed at 172—173° to a clear liquid 
and a white solid, presumably mercuric chloride (Found: C, 51-0; H, 3-8. C,,H,,Cl,As,Hg, requires 
C, 50-7; H, 36%). The empirical formula of this compound is doubled in accordance with the structural 
evidence of Evans, Mann, Peiser, and Purdie (J., 1940, 1209) for compounds of this class. 

The oxide, methiodide, and methopicrate of the arsine could not be obtained crystalline. 

(B) When a mixture of o-phenylbenzyl bromide (VIII) (0-68 g.) and phenyldimethylarsine (0-5 g., 
1 mol.) was prepared in a flask containing carbon dioxide and then gently warmed, it rapidly became 
cloudy and finally formed a glass. The latter was ground with ether, but owing to its highly 
deliquescent nature it was characterised by treatment in aqueous solution with sodium picrate, whereby 
phenyl o-phenylbenzyldimethylarsonium picrate was obtained as yellow crystals (1-1 g., 70%), m. p. 102° 


* The systematic name for use if the trivial name based on arsanthridine is not ultimately accepted. 
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after crystallisation from ethanol (Found: C, 56-4; H, 4-2; N, 7-7. C,,H,,0,N,As requires C, 56-1; 
H, 4-2; N, 7:°3%). The iodide, similarly prepared, was also deliquescent. 

On a larger scale, a mixture of the bromide (VIII) (5-56 g.) and phenyldimethylarsine (4-1 g., 1 mol.) 
was heated under carbon dioxide at 14 mm. pressure at 200° for 1 hour, gas being steadily evolved, 
The partly crystalline residue, on distillation, gave fractions: (a) b. p. 92—134°/15 mm. (2-75 g.), 
(b) b. p. 80—100°/0-1 mm. (0-3 g.), and (c) b. p. 250—260°/0-05 mm. (2-7g.) Fraction (a) was identified as 
phenyldimethylarsine. Fraction (c), a viscous oil containing free arsenic, was dissolved in acetone, 
filtered, and redistilled at 0-01 mm., giving fractions: (ci) b. p. 80—150° (0-2 g.), (cii) b. p. 150—200° 
(0-2 g.), and (ciii) b. p. 200—250° (1-75 g.). The last fraction consisted mainly of the arsine (IX) 
contaminated with a trace of arsenic. It gave the above dichloropalladium derivative, m. p. 186—188° 
(mixed and alone), and also the above-mentioned mercurichloride (Found: C, 50-9; H, 3-9%). This 
fraction when dissolved in ethanol deposited a small quantity of 1: 2-di-2’-diphenylylethane, m. p. 
115—116° (alone and mixed) and later the arsine (IX), m. p. 70—77°; this sample was not purified. 
Fractions (b) and (cii) also slowly deposited the above hydrocarbon, m. p. 114—116°. 

10-Phenyl-9 : 10-dihydroarsanthridine (9-Phenyl-9 : 10-dihydro-9-arsaphenanthrene) (XIII).—Solutions 
of the arsine (IX) (7-75 g.) and of chlorine (1 mol.), each in carbon tetrachloride (15 c.c.), were mixed 
at 0° during 15 minutes, with shaking, undef an atmosphere of carbon dioxide. The solvent was 
removed under reduced pressure, and the residue of the crude arsine dichloride (XI) heated to 150° at 
0-2 mm. for a short time. A fraction, b. p. 97—105° (2-9 g.), was collected and identified as o-phenyl- 
benzyl chloride. The oily residue (7-7 g.), which preliminary experiments had shown to consist largely 
of the chlorarsine (XII), was dissolved in carbon disulphide (15 c.c.), mixed with aluminium chloride 
(3 g.), and then heated under reflux for 3 hours. The carbon disulphide was decanted from the cold 
mixture, and the residue hydrolysed with dilute hydrochloric acid and then repeatedly extracted with 
chloroform. The dried extract after evaporation of the solvent gave fractions : (a) b. p. 76—90°/0-2 mm. 
diphenyl (0-9 g.), (6) b. p. 118—150°/0-005 mm., a yellow oil (0-15 g.), (c) b. p. 150—200°/0-001 mm., 
a cloudy yellow oil (0-75 g.), and (d) b. p. 200—240°/0-001 mm., a cloudy yellow oil (0-07 g.) containing 
free arsenic. Fraction (c) which contained the 10-phenyl-9 : 10-dihydroarsanthridine, represented a 
15% yield based on the arsine (IX). It was identified by the following derivatives. Dichlorobis-(10- 
phenyl-9 : 10-dihydroarsanthridine)palladium, slender pale yellow needles, m. p. 244—245° (decomp.; 
with darkening at ca. 220°), from dioxar (Found: C, 55-9; H, 4-0; Pd, 13-2. C3,Hs Cl,As,Pd requires 
C, 56-1; H, 3-7; Pd, 13-1%). The corresponding dibromo-derivative, prepared from an acetone solution 
of the arsine and recrystallised from a mixture of benzene and diethyl ketone, formed yellow crystals, 
m. p. 244—245° (decomp.; with softening at ca. 240°) (Found: C, 50-7; H, 3-4. C3,H;)Br,As,Pd 
requires C, 50°55; H, 3:3%). 10-Phenyl-10-methyl-9 : 10-dihydroarsanthridinium iodide crystallised 
from a solution of the arsine in methyl iodide when set aside overnight. The first preparation separated 
as large yellow sparkling blades, which on being touched with a spatula became opaque as they changed 
to another crystalline form which was obtained on all subsequent occasions. Recrystallisation from 
ethanol gave faintly cream-coloured compact crystals, m. p. 195° (effervescence, with slight preliminary 
softening) in a preheated bath (Found: C, 52-2; H, 3-8. C,)H,,IAs requires C, 52-2; H, 3-9%). This 
gave the corresponding picrate, yellow crystals (from ethanol), m. p. 150—151° after slight shrinking at 
140° (Found: C, 55-8; H, 3-6; N, 7-8. C,.H,,O,N;As requires C, 55-65; H, 3-6; N, 7-5%). 

In earlier attempts to synthesise this arsine, an effort was made to purify the intermediate chloro- 
arsine (XII) by vacuum-distillation before carrying out the ring closure, but considerable decomposition 
occurred during the distillation, the chloroarsine (XII) undergoing dismutation to the original arsine 
(IX) and phenyldichloroarsine. Although the arsine (XIII) was obtained. on one occasion by this 
method, it became clear that only the above direct cyclisation of the crude undistilled chloroarsine 
(XII) is practicable. 

henyl-p-phenylbenzyldimethylarsonium Bromide.—This was prepared by the direct union of 
p-phenylbenzyl bromide and phenyldimethylarsine (1 mol.) in carbon tetrachloride solution. The 
solvent was distilled off and the residual avsonium bromide, when crystallised from ethanol, formed 
colourless crystals, m. p. 192—193° (Found: C, 58-9; H, 5-2. C,,H,,BrAs requires C, 58-8; H, 5-1%). 

Phenyl-o-phenylbenzylarsonous Acid, (o-Ph°C,H,-CH,)AsPhO-OH.—This acid was prepared in order 
to investigate whether cyclisation would give 10-phenyl-9 : 10-dihydroarsanthridine oxide. o-Phenyl- 
benzyl bromide (5-4 g.) was added to a chilled mixture of phenyldichloroarsine (4-9 g., 1 mol.) and 40% 
aqueous sodium hydroxide solution (8-8 c.c.). The mixture became warm and viscous as most of the 
bromide dissolved; after 30 minutes’ shaking, it was heated under reflux for 45 minutes. The cooled 
solution was diluted with water, extracted with ether, made just acid to phenolphthalein, filtered, and 
then made acid to Congo-red. The arsonous acid (7-2 g., 93%) separated as a white gum which soon 
solidified and after crystallisation from benzene had m. p. 138—140° (Found: C, 64-8; H, 5-2. 
C,,H,,O,As requires C, 64-8; H, 4-8%). Hot aqueous solutions of the sodium salt of this acid and of 
S-p-chlorobenzylthiuronium chloride when mixed gave a precipitate of the thiuronium salt, white 
needles (from dioxan), m. p. 136—137° (Found: C, 58-3; H, 5-0; N, 4-8. C,,H,,0,N,CISAs requires 
C, 58-6; H, 4:7; N, 5-1%). All attempts to cyclise the arsonous acid by the action of hydrogen 
fluoride, thionyl chloride, or phosphoric oxide failed, rupture of the C-As link apparently always 
occurring. 

p-Chlorophenyl-o-phenylbenzylarsonous Acid.—This acid was obtained in 90% yield by the method 
described above; it could not be induced to crystallise, however, and was therefore characterised as 
its S-p-chlorobenzylthiuronium salt, white needles (from dioxan), m. p. 135° (Found: C, 55-0; H, 5-0; 
bps pe ars requires C, 55-2; H, 4:3; N, 4:8%). All attempts to cyclise the arsonous 
acid failed. 
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611. The Interaction of Diazomethane and Diphenylchloroarsine. 


By GreraLp H. Cookson and FREDERICK G. MANN. 


The main product of the action of diazomethane on diphenylchloroarsine is methylenebis- 
diphenylarsine monoxide, of which a number of derivatives has been prepared. 


In the early stages of our investigation of the synthesis of the 9 : 10-dihydroarsanthridine ring 
system, recorded in the previous paper, considerable difficulty was caused by the labile nature 
of a benzyl (or substituted benzyl) group directly joined to an arsenic atom. To avoid this 
difficulty, a promising alternative route appeared to be the preparation of a compound of type 
(I) (where R is an alkyl group), which, it was hoped, would react with diazomethane in such a 
manner that the chlorine atom would be replaced by the chloromethyl group; the chloromethyl 
arsine thus obtained might then be cyclised with loss of hydrogen chloride to give the 
corresponding 10-R-9 : 10-dihydroarsanthridine. 


YVN\Z7YS OC,H, OC,H, 
= = 0<PCOCH, 0<PCOCH, 
'AsRCI F CH,F 
(I.) (II.) (III.) 


This desired reaction with diazomethane appeared probable because arsenic trichloride 
reacts with this reagent to give chloromethyldichloroarsine, CleCH,*AsCl,, and bis(chloromethy]l)- 
chloroarsine, (Cl*CH,),AsCl, in low yield (Braz and Yakubovich, J. Gen. Chem. Russia, 1941, 
11, 41). Mercuric chloride reacts similarly with diazomethane to give chloromethylmercuric 
chloride, Cl-CH,*HgCl, and bis(chloromethyl)mercury, (Cl-CH,),Hg (H@llerman and Newman, 
J. Amer. Chem. Soc., 1932, 54, 2859). Furthermore, di-sec.-butyl fluorophosphonate (II) 
reacts with diazomethane to give the fluoromethyl derivative (III) (Saunders e¢ al., J., 1948, 702). 

For simplicity, initial experiments were performed using diphenylchloroarsine, Ph,AsCl, 
instead of the much less accessible compounds of type (I). The interaction of diphenylchloro- 
arsine and two molecular equivalents of diazomethane in ether at 0° was accompanied by a 
vigorous evolution of nitrogen, but the main product, irrespective of the order in which the 
reactants were mixed, was methylenebis(diphenylarsine) monoxide (IV). This compound, 





Reduction 
Ph,As°CH,’AsPh, —————> Ph,As-CH,°AsPh, 
(qv) ¥ (V.) 
| Oxidation 
Cold conc. HCl 
Ph,As°CH,*AsPh, ——————-> Ph, As’CH,*AsPh, 
¥ ¥ g agua 
(VI.) H H (IX.) 
{wpe | 
Ph, As-CH,*AsPh, ~ Ph,As-CH,*AsPh, 
Y ~ P eS Se 
o 9 NO, o 9 Br o 9 Cl 
H H H 
(VII.) (VIII.) (X.) 


which formed beautiful needles, was also characterised by combination with picric, styphnic, 
and picrolonic acid, to give the crystalline hydroxy-picrate, -styphnate, and -picrolonate, 
respectively. Furthermore, the monoxide (IV), when treated in chloroform solution with 
hydrogen chloride and then with hydrogen sulphide, gave methylenebis(diphenylarsine) 
monosulphide (as IV). 

Reduction of the mono-oxide (IV) with sulphur dioxide in the presence of dilute hydrochloric 
acid gave methylenebisdiphenylarsine (V). This crystalline arsine, both in the solid state and in 
pure ethereal solution, appeared to undergo no oxidation when exposed to air at room temper- 
ature. When dissolved in ether containing peroxides it was oxidised to methylenebisdiphenyl- 
arsine dioxide (VI), a deliquescent glass that could not be crystallised. This dioxide could be 
readily prepared by the oxidation of the monoxide (IV) in alcoholic solution with hydrogen 
peroxide. When an aqueous solution of the dioxide was treated with dilute nitric acid, or when 
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the monoxide (IV) was dissolved in concentrated nitric acid which was then diluted with 
water, the crystalline methylenebis(diphenylarsine) oxide hydroxy-nitrate (VII) was obtained. 
The dioxide when treated with hydrobromic acid similarly gave the oxide hydroxy-bromide 
(VIII), but when treated with cold concentrated hydrochloric acid gave methylenebis(diphenyl- 
arsine hydroxy-chloride) (IX). This compound was unstable, however, and when placed in a 
vacuum or dissolved in hot water, readily lost one molecule of hydrogen chloride to form the 
oxide hydroxy-chloride (X). The behaviour of the dioxide (VI) is a striking example of the pro- 
cess of inductive deactivation, of which a variety of examples have been discussed by Mann and 
Watson (J. Org. Chem., 1948, 18, 502). It is clear that when one of the arsine oxide groups in 
the dioxide forms a salt as in (VII) or (VIII), the inductive effect of the strong positive pole on 
this arsenic atom considerably reduces the polar character and reactivity of the second arsine 
oxide group, which consequently does not normally form a hydroxy-salt with acids. In the 
presence of cold concentrated hydrochloric acid, however, this reduced activity is sufficiently 
strong to enable the bishydroxy-chloride (IX) to be formed, but the weak union of the second 
molecule of acid causes ready dissociation to the oxide hydroxy-chloride (X). 

The other products isolated from the interaction of diazomethane and diphenylchloroarsine 
were diphenylarsonous acid (in small amount) and a deep-yellow syrup obtained by removal of 
the solvent under reduced pressure. The syrup appeared to contain a diazo-compound, since 
when treated with acids it rapidly evolved nitrogen and simultaneously lost its colour. After 
acid treatment however the only neutral compound isolated was diphenylarsine oxide, and the 
composition of the syrup was therefore not further investigated. 

There is insufficient evidence on which to base any simple mechanism for the formation of 
the diarsine monoxide (IV). It is probable that this compound is a direct product of the main 
reaction and does not arise by the subsidiary oxidation of the diarsine (V), because the latter 
does not apparently undergo oxidation under the conditions employed. It is possible that a 
trace of water in the diazomethane solution hydrolysed the phenyldichloroarsine steadily into 
diphenylarsine oxide (XI), a process which might be rapid since both reactants were in solution, 
and that the oxide then combined with the diazomethane in its polar form to give the complex 
(XII). The latter might then break into the ions as shown, and these ions would then recombine 
to give the monoxide (IV): 


+) 
(XI.) Ph,As-O-AsPh, Ph, As—O—AsPh, Ph,AsCH, + AsPh, —> (IV) 
CH,N:N H,-N:N oO 
(XII.) 


Although the reaction was carried out in apparently anhydrous conditions, the comparatively 
large volume of ether employed would make difficult the complete exclusion of the minute 


quantity of water (0-125 g. in a typical experiment) required to hydrolyse the dichloroarsine to 
the oxide (XI). 


In view of these results, however, the investigation of the action of diazomethane on 2- 
diphenylylethylchloroarsine (I; R = Et) was discontinued. 


EXPERIMENTAL. 


An ethereal solution of diazomethane was prepared by the addition of nitrosomethylurea (19-2 g.) 
to a vigorously stirred mixture of 40% aqueous potassium hydroxide (58 c.c.) and dry peroxide-free 
ether (190 c.c.) at 0°. The ethereal layer was then separated and dried (KOH). A solution of pure 
diphenylchloroarsine (15 g.) in dry ether (200 c.c.) was added to the ethereal solution of diazomethane 
(2 mols.) during 30 minutes, while the mixture was kept vigorously stirred at 0°. Nitrogen was evolved 
and a white precipitate of the diarsine mono-oxide (IV) formed on the sides of the flask. The mixture 
was set aside at room temperature overnight, whereafter the effervescence had ceased although the 
solution was still yellow. The precipitate (2-6 g.) of (IV) was collected. The filtrate later deposited a 
small quantity of diphenylarsonous acid, m. p. 164—168° mixed or alone, and then a second crop (0-8 g.) 
of (I[V.) Similar results were obtained when the diazomethane solution was added to that of the 
diphenylchloroarsine. 

The ether was removed from the filtrate by evaporation in a nitrogen atmosphere under reduced 
pressure. The deep-yellow residual syrup when treated with even weak acids (e.g., acetic acid) evolved 
nitrogen and became colourless. The only product isolated from this acid treatment was diphenylarsine 
oxide, [Ph,As],O. 

The methylenebisdiphenylarsine monoxide (IV) thus obtained (3-4 g., 25% calculated on chloro- 
arsine used) was recrystallised from ethyl acetate or carbonate, and formed long white needles, m. p. 
184—186°, very soluble in the lower alcohols, slightly so in benzene, and insoluble in light petroleum and 
water (Found: C, 61-8; H, 4-8. C,;H,,OAs, requires C, 61-5; H, 4-5%). An alcoholic solution when 
treated with picric acid gave the hydroxy-picrate, yellow needles which even after several recrystallisations 
from alcohol containing picric acid always softened at 140° and melted at 147° (Found: C, 51-8; H, 3-4; 
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N, 5-9. C,,H,,0,N,As, requires C, 51-9; H, 3-5; N, 5-9%). The hydroxy-styphnate, similarly prepared 
and recrystallised, formed pale yellow needles, m. p. 142—143° after softening at 134° (Found: C, 51-1; 
H, 3-3; N, 5-55. C,,H,,0,N;As, requires C, 50-8; H, 3-4; N, 5-7%). The hydroxy-picrolonate was 
precipitated as a pale yellow powder when hot alcoholic solutions of the mono-oxide and picrolonic acid 
were mixed; it had m. p. 152° after softening at 146° and was not recrystallised (Found: C, 56-3; 
H, 4:15; N, 7-6. C HaO,N,As, requires C, 55-9; H, 4-0; N, 7-45%). 

The ‘monosulphide (as IV) was prepared by passing hydrogen chloride and then hydrogen sulphide 
through a hot chloroform solution of the mono-oxide. e oil remaining after removal of the solvent 
crystallised when stirred with cyclohexane, and then separated from ethyl acetate as colourless crystals, 
m. p. 138—139° (Found: C, 59-2; H, 4-6. C,,H,,SAs, requires C, 59-5; H, 4-4%). 

Sulphur dioxide was passed into a chloroform solution of the mono-oxide (IV) covered by a layer of 
dilute hydrochloric acid containing a trace of potassium iodide. When reduction was complete, the 
orange-coloured chloroform layer was separated and evaporated. The residue soon solidified and when 
recrystallised from alcohol gave beautiful long white needles of the diarsine (V), m. p. 96—97° (Found : 
C, 63-8; H, 5-0. C,,H,,As, requires C, 63-6; H, 4-7%). 

A solution of the mono-oxide (0-6 g.) in alcohol (15 c.c.) was diluted with aqueous hydrogen peroxide 
(3-5 c.c., ‘ 20-vol.’’) and kept at 50° for 24 hours. Evaporation in a vacuum gave methylenebis- 
(diphenylarsine oxide) (VI) as a deliquescent glass which was moderately soluble in water, but less so in 
alcohol. An attempt to prepare this dioxide by a Meyer reaction between diphenylchloroarsine (2 
mols.) and methylene dibromide (1 mol.) was unsuccessful. 

Methylenebis\diphenylarsine) oxide hydroxy-nitrate (VII) was precipitated when dilute nitric acid was 
added to an aqueous solution of the dioxide (VI), and when recrystallised from alcohol gave colourless 
needles, m. p. 176—178° (effer.) in a preheated bath (Found: C, 53-0; 52-9; H, 4:35, 4-2; N, 2-2. 
C,,H,,;0;NAs, requires C, 52-9; H, 4:1; N, 25%). This compound was even more readily prepared 
when a mixture of the mono-oxide (IV) and concentrated nitric acid was stirred at 20° until oxidation was 
complete, and the clear solution then diluted with water, precipitating the hydroxy-nitrate. 

When an aqueous solution of the dioxide (VI) was treated with hydrobromic acid, the precipitated 
oxide hydroxy-bromide (VIII) (recrystallised from alcohol) formed colourless crystals, m. p. 149—151° 
(Found : C, 51-6, 50-9; H, 4-3, 4-1; Br, 13-7. C,;H,,0,BrAs, requires C, 51-3; H, 3-9; Br, 13-7%). 

When cold concentrated hydrochloric acid was added to an aqueous solution of the dioxide (VI), 
large colourless crystals of the di(hydroxy-chloride) (IX) containing 1-5 mols. of water separated from the 
solution; they had m. p. 127—130° with slight preliminary softening (Found: C, 49-5; H, 5-0. 
C,;H,,0,Cl,As,,1-5H,O requires C, 49-7; H, 4.5%). When this compound was recrystallised from a 
small quantity of hot water, it was converted into colourless crystals of the oxide mono(hydroxy-chloride) 
hemihydrate (X), m. p. 151—152° (Found: C, 54-3; H, 4:8. C,,H,,0,ClAs,,0-5H,O requires C, 54-6; 
H, 4:-4%). The same compound was obtained when the di(hydroxy-chloride) (IX) was placed in a vacuum 
over calcium chloride for a few hours. 

A solution of chlorine in carbon tetrachloride was added to a chloroform solution of the mono-oxide 
(IV) until absorption of chlorine ceased. The solvent was removed under reduced pressure, and the 
residue immediately solidified when stirred with acetone. This material, when recrystallised from water, 
gave magnificent crystals of the compound (X), m. p. 151—152° (mixed and unmixed). 

Preparation of 2-Diphenylylethylarsonous Acid.—Diphenylyl-2-arsonic acid. This compound was 
prepared by Aeschlimann e¢ al. (J., 1925, 127, 66) who gave no experimental details. 2-Aminodiphenyl 
(102 g.) in water (500 c.c.) containing concentrated sulphuric acid (50 c.c.) was diazotised with a saturated 
solution of sodium nitrite (44 g.). is solution, kept at 0°, was added during 45 minutes to a mixture 
of sodium carbonate (150 g.), arsenious oxide (75-5 g.), and hydrated copper sulphate (3-3 g.) in water 
(750 c.c.), which was vigorously stirred and maintained at 60°. A heavy brown precipitate was filtered 
from the hot solution when the latter no longer gave a red dye with f-naphthol. White leaflets of the 
hydrated disodium salt of the arsonic acid crystallised as the solution cooled; a sample, recrystallised 
from alcohol, lost water of crystallisation at 95—110° but did not melt below 320° (Found: C, 35-65; 
H, 4-4.. C,,H,O,AsNa,,4H,O requires C, 35-55; H, 4.3%). The free acid (52 g.), obtained by acidific- 
ation of an aqueous solution of the sodium salt, had m. p. 202—206° after crystallisation from alcohol. 
An attempted preparation of the acid by Scheller’s method (Oneto and Wey, J. Amer. Chem. Soc., 1941, 
68, 3068) was unsuccessful. 

2-Diphenylyldichloroarsine was prepared in 88% yield by the reduction of the arsonic acid in 
hydrochloric acid with sulphur dioxide and a trace of potassium iodide at 60°. The dichloroarsine, 
which solidified on cooling, was very soluble in most organic liquids, but separated from light petroleum 
(b. p. 40—60°) as white needles, m. p. 47-5—48-5° (Found: C, 48-1; H, 3-2. Calc. for C,,H,Cl,As: 
C, 48-2; H, 30%). Aeschlimann ef al. (loc. cit.) describe this compound as an oil. Treatment of the 
dichloroarsine with piperidine N-pentamethylenedithiocarbamate gave 2-diphenylylarsinobis-(N- 
pentamethylenedithiourethane) as crystals, m. p. 216°, after crystallisation from ethyl carbonate (Found : 
C, 52-4; H, 5-2; N, 5-2. C,H, N,S,As requires C, 52-55; H, 5-3; N, 5-1%). 

2-Diphenylylethylarsonous acid. The dichloroarsine (32 g.) was added to a warm solution of sodium 
hydroxide (17-1 g.) in water (40 c.c.), and the oily mixture cooled to 30° and vigorously stirred while 
ethyl bromide (8 c.c., 1 mol.) was slowly added down the reflux condenser. The mixture, which 
ultimately had formed a stiff smooth cream, was heated on the water-bath for 40 minutes, cooled, and, 
after the further addition of ethyl bromide (2 c.c.), again heated and cooled as before. Further addition 
of the bromide (2 c.c.) and 10% sodium hydroxide solution (20 c.c.) was then made, and the mixture 
heated under reflux for 1 hour, cooled, diluted with water (100 c.c.), and repeatedly extracted with ether. 
The united ethereal extracts contained only diphenyl (1-5 5s )- The aqueous layer, after removal of 
dissolved ether, was neutralised to litmus with concentrated hydrochloric acid and, after filtration of 
the precipitated material (0-6 g.), was neutralised to Congo-red. The solution, when set aside overnight, 
deposi 2-diphenylylethylarsonous acid hemihydrate, which occurred in two crystalline modifications : 
{a) m. p. 160—161°, and (8) m. p. 151—152°. The first preparation gave large hexagonal plates of the 
a-form, but the mother-liquor, when set aside for 10 p me while containing some of these crystals, 
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suddenly deposited long crystals of the B-form, yore ge the plates of the a- changed to the B-form; the 
transformation took about 1 hour to spread through a crystal of 5-mm. width. It was possible to 
introduce a “ seed ”’ of the a-form on a glass fibre into the m. p. tube after the B-form had just melted, 
i.e., at ca. 155°, whereupon the arsonous acid would resolidify and melt at 160—161°. The acid was 
recrystallised either from ethyl acetate or from water containing some methyl alcohol (Found, for 
material dried at 60°/0-5 mm. for 7 hours: C, 56-5; H, 5-5. C,,H,,0,As,0-5H,O requires C, 56-2; 
H, 5:-4%). The S-p-chlorobenzylihiuronium salt, prepared in the usual way, crystallised from ethyl 
acetate as long needles containing 2-5 mols. of watér of crystallisation, m. p. 84—85° (dependent on rate 
of heating) (Found: C, 49-2; H, 5-7; N, 5-4. C,,H,,O,N,CISAs,2-5H,O requires C, 49-3; H, 5-4; 
N, 5-2%). 
When this arsonous acid (5-35 g.) was added to a mixture of concentrated hydrochloric acid (5 c.c.) 
and water (5 c.c.) at 15°, it immediately formed an oil which rapidly resolidified. Benzene (8 c.c.) and 
otassium iodide (0-1 g.) were added, and sulphur dioxide bubbled through the mixture for 30 minutes, 
he mixture was filtered, and the benzene solution washed with water, dried (Na,SO,), and distilled; 
2-diphenylylethylchloroarsine had b. p. 136—137°/0-2 mm. (Found: C, 57-55; H, 4-8. C,,H,,ClAs 
requires C, 57-45; H, 4:8%); yield, 3-75 g. (70%). The use of more dilute hydrochloric acid at 50°, 
or of chloroform instead of benzene at 0°, in the above reduction gave rise to an impure product. 

This compound was characterised by conversion into 2-diphenylylethylarsino-N-pentamethylene- 
dithiourethane, white crystals (from ethyl acetate), m. p. 124—125° (Found: C, 57-4; H, 5-5. 
CyoH,,NS,As requires C, 57-6; H, 5-8%). 

Diazomethane reacted readily with the chloroarsine, but well-defined products could not be isolated. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, July 13th, 1949.} 





612. Thiazole Analogues of Dethiobiotin. 
By G. Swain. 


4-Methyl-5-w-carboxy-n-amylthiazol-2-one, a compound structurally related to dethiobiotin, 
has been prepared by (a) reaction between potassium thiocyanate and 6-chloro-7-keto-octane- 
l-carboxylic acid and (b) a Friedel-Crafts reaction between 4-methylthiazol-2-one and 
w-carbethoxyvaleryl chloride, followed by hydrolysis and reduction of the product. The 
synthesis of a number of related thiazoles is also described. 


THE synthesis of the compounds now reported was undertaken in search of antibacterial 
substances deriving activity from ability to antagonise the utilisation of biotin, essential for 
the growth of many micro-organisms. Interest was centred principally on 4-methyl-5-w- 
carboxyalkylthiazol-2-ones (I), which show resemblance in molecular structure to dethiobiotin 
(II), a compound possessing growth-promoting properties for yeast, yet effectively inhibiting 
the growth in vitro of Lactobacillus casei by a competitive antagonism of biotin (cf. Dittmar, 
Melville, and du Vigneaud, Science, 1944, 99, 203; Lilly and Leonian, ibid., p. 205; Dittmar 
and du Vigneaud, ibid., 1944, 100, 129). 

The unsaturated precursor (III) of dethiobiotin, more closely similar to (I) than is (II), was 


known to possess weak antibiotin activity in the Lactobacillus casei growth test (observation 
by Dr. Madinaveitia in these laboratories). 


co co 
vA 
HD ws HN ‘vu 
-C—==C-(CH,],"CO,H Me-HC——-CH-{CH,],"CO,H Me-C=—=C-[CH,],°CO,H 
(I.) (II.) (III) 


The acids (VI; » = 4, 5), obtained by chlorination and hydrolysis of the substituted 
acetoacetic esters (IV; R= CN or CO,Et), reacted with potassium thiocyanate in weakly 
alkaline solution to give the thiazolones (I; m= 4, 5) directly, a method employed by 
Tscherniac (J., 1919, 115, 1071) for the preparation of 4-methylthiazol-2-one from chloro- 
acetone. The yields in the final stage, however, were not good. 

Reaction of (VI; = 3, 4, 5) with thiourea and ammonium dithiocarbamate gave the 
corresponding 2-amino- and 2-mercapto-thiazoles respectively. Initial attempts to prepare 
(I) from the 2-mercaptothiazoles (IX; nm = 3, 4, 5) by reaction with monochloroacetic acid in 
a manner analogous to the conversion of 2-mercaptopyrimidines into the corresponding 
2-hydroxypyrimidines (Wheeler and Liddle, Amer. Chem. J., 1908, 40, 547) led only to formation 
of the carboxymethylthio-thiazoles (X; m = 3, 4, 5), which were resistant to hydrolysis by 
concentrated hydrochloric acid. Similarly unsuccessful was the attempted formation of 
2-chloro-4-methyl-5-w-carboxy-n-butylthiazole. Diazotisation of (VII; m = 4) and treatment 
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with copper-hydrochloric acid (cf. Erlenmeyer, Buchmann, and Schenkel, Helv. Chim. Acta, 
1944, 27, 1432) yielded 4-methyl-5-w-carboxy-n-butylthiazole (VIII). 


CH,-CO-CH(CO,Et)-[CH,],"R  CH,CO-C(CO,Et)CI-(CH,),"R  CH,-CO-CHCI-[CH,],CO,H 
(IV.) (V.) (VI.) 
NH, 
VIL.) gn. P< (VIII.) 
(Vil. ” “” ry . 


Me-C——=C-[CH,],CO,H Me-C—=C-[CH,],CO,H 
S-CH,CO,H 


on (X.) 
nw X. 


Me-C——=C-[CH, ],°CO,H Me-C——=C-[CH,],CO,H 


Of the substituted 4-methylthiazolones that with the n-hexoic acid side chain (I; = 5) 
appeared to be of most interest and, in addition to the synthesis already mentioned, it has been 
prepared by a Friedel-Crafts reaction between 4-methylthiazol-2-one and w-carbethoxy-n- 
valeryl chloride followed by hydrolysis and reduction of the resulting 4-methyl-5-w-carbethoxy-n- 
valerylthiazol-2-one. Ochiai and Nagasawa (Ber., 1939, 72, 1470) showed that the 4-methyl 
group alone was insufficient to activate the thiazole nucleus for acylation with acetyl chloride 
to occur (at C,,,), but that the presence of a 2-keto-group as in 4-methylthiazol-2-one rendered 
acylation possible, a fact which Duschinsky and Dolan (J. Amer. Chem. Soc., 1945, 67, 2079) 
applied to their analogous reaction of 2-keto-4-methyl-2 : 3-dihydroglyoxaline with w-carb- 
ethoxy-n-valeryl chloride for the preparation of pi-dethiobiotin. 

None of the compounds (I; » = 4, 5), (VII; » = 3, 4, 5), (VIII), (IX; » = 3, 4, 5), or 
(X; m= 3, 4, 5) inhibited growth in vitro of Lactobacillus casei, Streptococcus pyogenes, 
Staphylococcus aureus, Bacterium coli, or Pyocyaneus pyocyanea at a concentration of 1/1000. 

Since the conclusion of this work Cook, Heilbron, and Stern (/J., 1948, 2031) have reported 
the synthesis of three 4-amino-2-mercapto-thiazoles and two derived Schiff’s bases which bear 
some resemblance to dethiobiotin. These compounds were likewise devoid of anti-biotin 
activity for the growth of L. casei or S. cerevisiae. 


EXPERIMENTAL. 
(All m. p.s are uncorrected.) 

Ethyl 3-Chloro-2-keto-6-cyanohexane-3-carboxylate (V; R=CN, m = 3).—Ethyl 2-keto-6-cyano- 
hexane-3-carboxylate (19-7 g.) (Derick and Hess, J. Amer. Chem. Soc., 1918, 40, 548) in dry benzene 
(100 c.c.) was treated at 0—5° with sulphuryl chloride (15 g., 1-1 moles) added dropwise with stirring 
during 15 minutes. After a further 15 minutes the mixture was heated under reflux for} hour. Benzene 
was removed under reduced pressure, and the residual oil distilled off. Ethyl 3-chloro-2-keto-6-cyano- 
hexane4-carboxylate collected as a colourless oil (20-3 g., 87%), b. p. 130—134°/0-5—0-1 mm. (Found : 
C, 51-2; H, 5-9; N, 6-9; Cl, 16-1. C,H 140sNCI requires C, 51-8; H, 6-05; N, 6-05; Cl, 15-3%). 

4-Chloro-5-ketohexane-1-carboxylic Acid (VI; n= 3).—Ethyl 3-chloro-2-keto-6-cyanohexane-3- 
carboxylate (20 g.) was heated under reflux for 3} hours with acetic acid (30 c.c.) and concentrated 
hydrochloric acid (40 c.c.). The solution was diluted with water (200 c.c.), and the precipitated oil 
extracted with ether. The ethereal solution was washed with water and then exhaustively extracted 
with sodium hydrogen carbonate solution. The combined extracts were acidified with hydrochloric 
acid, and the oil which separated was extracted with ether and dried (Na,SO,). Removal of the ether 
and distillation of the residual oil in vacuo gave 4-chloro-5-ketohexane-1-carboxylic acid as a colourless oil 
(71-1 g., 46%), b. p. 116—118°/0-08 mm. (Found: C, 46-95; H, 6-0; Cl, 19-8. C,H,,0,Cl requires 


C, 47-1; H, 6-2; Cl, 19-9%). 


Ethyl 3-Keto-1- -cyanoheptane-3-carboxylate (IV; R=CN, m = 4).—Ethyl acetoacetate (72 g., 
1-5 moles) was added slowly with cooling to a solution of sodium (8-5 g.) in ethyl alcohol (100 c.c.). 
1-Bromo-4-cyanobutane (60 g., 1-0 mole) was added, and the mixture heated under reflux for 7 hours. 
Sodium bromide was filtered off and the filtrate distilled under reduced pressure. The fraction boiling 
up to 130° at 15 mm. was rejected and the remaining oil distilled at 0-5—1-0 mm. The fraction, b. p. 
125—165°, was refractionated to give ethyl 2-keto-7-cyanohe oo: -3-carboxylate (44-5 g., 57%), b. p. 126— 
128° /0-6—0-7 mm. (Found : C, 62-6; H, 8-05; N, 8-0. C,,H,,O,N requires C, 62-6; H, 8-06; N, 6-6%). 

Ethyl 3-Chloro-2- -heto-1-cyanoheptane- S-carboxylate (V; R=CN, # = 4). —Prepared in the same 
manner as was the lower homologue (V = CN, n = 3), ethyl 3-chloro-2-keto-7-cyanohe tane- 

Din he. was obtained as a —— oil (yield. 81-6%), b. p. 186—138°/0-05 mm. (Found: C, 
53-15; 6-4; N, 6-45; Cl, 15-1. H,,O0,NCI requires C, 53-8; H, 6-5; N, 5-7; Cl, 14-45%). 
5-Chloro-6-ketoheptane- -1-carboxylic i Pr (VI; = 4).—This acid, prepared in the same way as the 
lower homologue (VI; » = 3), was obtained as a colourless oil (yield, 64%), b. p cies 05—0-06 
mm. (Found : C, 50-1; H, 6-65; Cl, 17-8. Conia sg uires C, 49-9; H, 6-75) Cl, 18-4%) 
4-Methyl-5-w-carboxy-n-butylthiazol-2-one (I; s= 4).—5-Chloro-6-ketoheptane-1 1-carboxylic acid 
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(9-6 g.) was added dropwise during } hour to a well stirred solution of potassium thiocyanate (5-0 g.) 
and sodium hydrogen carbonate (7-3 g.) in water (150 c.c.), cooled to below 10°. After being stirred 
below 10° for 8 hours the mixture was kept at room temperature for 1 week. Acidification with hydro- 
chloric acid caused separation of an oil which rapidly solidified. The solid (3-3 g.; m. p. 132—134°) 
was filtered off, washed, and crystallised from water. 4-Methyl-5-w-carboxy-n-butylthiazol-2-one was 
obtained in long colourless needles (2-9 g.), m. p. 185° (Found: C, 50-4; H, 6-05; N, 6-7; S, 15-2, 
C,H,,0,NS requires C, 50:2; H, 6-05; N, 6-5; S, 14-9%). 

4-Methyl-5-w-carboxy-n-amylthiazol-2-one (1; m = 5).—(a) Prepared in a similar manner from 
6-chloro-7-keto-octane-l-carboxylic acid (10-3 g.; Swain, J., 1948, 1552), this thiazolone separated from 
water in colourless plates (1-2 g., 10-56%), m. p. 128—129° (Found: C, 52-25; H, 6-4; N, 6-1. 
CyH,,03NS requires C, 52-4; H, 6-55; N,6-1%). (b) Bromoacetone (170 g.) was added during 1 hour 
to a stirred solution of potassium thiocyanate (155 g.) and sodium hydrogen carbonate (84 g.) in water 
(2 1.), the temperature being kept below 10°. After being stirred for a further 48 hours at room 
temperture the solution was decanted from separated tar and extracted with ethyl acetate (6 x 150c.c.). 
The extract was dried (Na,SO,) and distilled. The oil (63 g.) remaining after removal of the ethyl 
acetate crystallised on cooling and was purified by distillation. The fraction, b. p. 120—125°/0-1 mm. 
(46 g., 32%), consisted of pure 4-methylthiazol-2-one, and on cooling crystallised to a pale yellow solid, 
m. p. 101—102° (Tscherniac, loc. cit., gives m. p. 102—103°). Powdered aluminium chloride (26 g., 
2 moles) was added during 10 minutes in small amounts at room temperature to a stirred mixture of 
4-methylthiazol-2-one (11-5 g.), w-carbethoxy-n-valeryl chloride (22 g., 1-2 mole) (Blaise and Koehler, 
Bull. Soc. chim., 1910, 7, 219), and tetrachloroethane (120 c.c.; redistilled). The mixture was stirred 
and heated in an oil-bath at 100—110° (bath temp.) for 5 hours, and the resulting dark brown viscous 
liquid was poured into ice—water (250 c.c.) and stirred for 1 hour. The tetrachloroethane was separated, 
washed with water, and steam-distilled. The residual oil was dissolved in ether (400 c.c.) and the 
ethereal solution decanted from a little insoluble tar, washed with sodium hydrogen carbonate solution, 
and dried (Na,SO,), and the ether removed. The viscous brown oil (11-0 g.) obtained was distilled and 
the fraction, b. p. 220—230°/0-06—0-07 mm. (5-9 g.), collected. The pale yellow, viscous oil crystallised 
slowly and on recrystallisation from benzene-light petroleum (b. p. 60—80°) (1:1) gave 4-methyl-5-w- 
carbethoxy-n-valerylthiazol-2-one in colourless leaflets (3-3 g.), m. p. 61—62° (Found: C, 52-15; H, 6-35; 
N, 5:3; S, 11-9. C,;H,,O,NS requires C, 53-1; H, 6-3; N, 5:2; S, 118%). The 2: 4-dinitrophenyl- 
hydrazone crystallised from ethyl alcohol in small red prisms, m. p. 188—190° (decomp.) with sintering 
at 174—176° (Found: C, 47-95; H, 4-7; N, 15-8. .C,,H,,0,N,S requires C, 47-9; H, 4-7; N, 15-5%). 
In a second experiment the crude oily ester (11-0 g.), obtained from the above Friedel-Crafts reaction 
by ether extraction, was hydrolysed without further purification by heating at 60° for 1 hour with 
n-sodium hydroxide solution (88 c.c.). The dark solution was extracted once with ether and then 
neutralised with N-hydrochloric acid. The oil which separated solidified slowly and was recrystallised 
from water (charcoal). 4-Methyl-5-w-carboxy-n-valerylthiazol-2-one separated in small colourless prisms 
(2-3 g.), m. p. 154—155° (Found: C, 49-0; H, 5-4; N, 5-8; S, 12-9. C,)H,,0,NS requires C, 49-4; 
H, 5-35; N, 5-8; S, 13-2%). 

Reduction. 4-Methyl-5-w-carboxy-n-valerylthiazol-2-one (2-4 g.) was heated under reflux for 
4} hours with 2n-hydrochloric acid (120 c.c.) and granulated zinc (10 g.) [previously amalgamated by 
treatment with mercuric chloride solution (50 c.c.; 3%) for 1 hour]. Further additions of concentrated 
hydrochloric acid (10 c.c.) were made after 14 hours and 2} hours. The hot solution was filtered and on 
cooling deposited 4-methyl-5-w-carboxy-n-amylthiazol-2-one (0-7 g.; m. p. 128°). When recrystallised 
from aqueous ethyl alcohol this separated in colourless plates, m. p. 128—129°, identical with the 
product obtained, as already described, from 6-chloro-7-keto-octane-l-carboxylic acid and potassium 
thiocyanate. 

2-Amino-4-methyl-5-w-carboxy-n-propylthiazole (VII; m = 3).—4-Chloro-5-ketohexane-1-carboxylic 
acid (6-4 g.) dissolved in ethyl alcohol (6 c.c.) was added to a solution of thiourea (2-5 g.) in water 
(10 c.c.) and heated on the steam-bath for 2 hours. The solution was diluted with water (75 c.c.) and 
made alkaline with ammonia; a small amount of oil which separated was removed by extraction with 
ether, and the clear filtrate concentrated under reduced pressure. The solid which separated (3-4 g.) 
was filtered off and recrystallised from hot water. 2-Amino-4-methyl-5-w-carboxy-n-propylthiazole was 
obtained in light buff needles (2-7 g., 38%), m. p. 200—202° (decomp.) with sintering at 180°. The 
crystals became opaque when dried at 100° (Found: C, 48-25; H, 6-1; N, 13-9; S, 16-4. C,H,,0,N,S 
requires C, 48-0; H, 6-0; N, 14:0; S, 16-0%). 2-Amino-4-methyl-5-w-carboxy-n-butylthiazole (VII; 
nm = 4) was prepared in a similar manner from 5-chloro-6-ketoheptane-l-carboxylic acid (9-7 g.) and 
thiourea (2-5 g.) and separated from 50% ethyl alcohol in small cream needles, m. p. 207—208° (Found : 
C, 49-9; H, 6-65; N, 12-75; S, 14-9. C,H,,0,N,S requires C, 50-5; H, 6-5; N, 13-1; S, 14-95%). 
2-A mino-4-methyl-5-w-carboxy-n-amylthiazole (VII; m = 5), obtained from 6-chloro-7-keto-octane-l- 
carboxylic acid (7-0 g.; Swain, loc. cit.) and thiourea (2-5 g.), separated from water in colourless needles 
(2-7 g.), m. p. 183—185°, with sintering at 175° (Found: C, 51-65; H, 7:05; N, 11-9; S, 14-4. 
Cy9H,0,N,S requires C, 52-6; H, 7-0; N, 12-3; S, 14-0%). 

4-Methyl-5-w-carboxy-n-butylthiazole (VIII).—2-Amino-4-methy]-5-w-carboxy-n-butylthiazole (4-0 g.) 
dissolved in phosphoric.acid (25 c.c.; d 1-7) was cooled to —10° and nitric acid (6 c.c.; d 1-4) was added. 
Sodium nitrite solution (2-5 g. in 5 c.c. water) was added, through a capilliary below the surface, during 
15 minutes at —5° with stirring. After being stirred for 1 hour the diazo-solution was added to a 
mixture of Gattermann copper (prepared from 12 g. of copper sulphate and 2-4 g. of zinc dust) and hydro- 
chloric acid (70 c.c.; d@ 1-18). After the solution had been stirred for 14 hours water (300 c.c.) was 
added followed by anhydrous sodium carbonate (95 g.). Insoluble copper compounds were filtered off 
and the filtrate acidified with acetic acid. The slightly oily precipitate so obtained was extracted with 
ether, the ether solution was dried, the solvent was removed by distillation, and the oily solid residue 
(4:3 g.) was crystallised from aqueous alcohol. 4-Methyl-5-w-carboxy-n-butylthiazole separated in 
colourless prisms (0-9 g.), m. p. 108—109° (Found: C, 54:3; H, 6-45; N, 6-2. C,H,,0,NS requires 
C, 54:3; H, 6-5; N, 7-0%). 
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2-Mercapto-4-methyl-5-w-carboxy-n-propylthiazole (IX; n = 3).—Ammonium dithiocarbamate (4-5 g., 
1-3 moles) was added toa solution of 4-chloro-5-ketohexane-1l-carboxylic acid (5-4 g.) in alcohol (50 c.c.). 
After 15 minutes at room temperature with occasional shaking the mixture was heated under reflux 
on the steam-bath for 1 hour, and most of the alcohol then distilled off. Water (30 c.c.) was added and 
the solution acidified with acetic acid. An oil separated and rapidly solidified. The solid (4-7 g.) was 
filtered off and crystallised from hot water; 2-mercapto-4-methyl-5-w-carboxy-n-propylthiazole separated 
in long flat, yellow needles (3-5 g.), m. p. 139° (Found: C, 44-7; H, 5-5; N, 7-5; S, 29-8. C,H,,0O,NS, 
requires C, 44-2; H, 5-1; N, 6-45; S, 295%). “The following compounds were prepared in a similar 
manner: 2-mercapto-4-methyl-5-w-carboxy-n-butylthiazole (IX; n = 4), pale yellow flat needles (from 
water), m. p. 171—172° (Found: C 46-6; H, 5-6; N, 6-7; S, 28-2. C,H,,0O,NS, requires C, 46-8; 
H, 56; N, 6-1; S, 27:-7%); and 2-mercapto-4-methyl-5-w-carboxy-n-amylthiazole (IX; n = 5), pale 
yellow flat needles (from water), m. p. 135—136° (Found: C, 49-4; H, 5-8; N, 6-25; S, 26-6. 
CypH502,NS, requires C, 49-0; H, 6-1; N, 5:7; S, 261%). 

2-Carboxymethylthio-4-methyl-5-w-carboxy-n-propylthtazole (X; m = 3).—2-Mercapto-4-methyl-5-w- 
carboxy--propylthiazole (0-8 g.), monochloroacetic acid (0-8 g.), and water (10 c.c.) were heated under 
reflux for 3 hours. After neutralisation of the cooled solution with ammonia an oil separated and rapidly 
solidified. The solid (0-85 g.) was recrystallised from water; 2-carboxymethylthio-4-methyl-5-w-carboxy- 
n-propylthiazole separated in colourless needles, m. p. 113—114° (Found: C, 43-9; H, 4:95; N, 4-8; 
S, 23-6. CyH,,;0,NS, requires C, 43-6; H, 4-7; N, 5-1; S, 23-3%). The following compounds were 
prepared by the same method: 2-carboxymethylthio-4-methyl-5-w-carboxy-n-butylthiazole (X, n = 4), 
colourless prisms, m. p. 87—88°, from water (Found: C, 45-45; H, 5-15; N, 5-15; S, 22-0. C,,H,,0,NS, 
requires C, 45-7; H, 5-2; N, 4-8; S, 22-15%); and 2-carboxymethylthio-4-methyl-5-w-carboxy-n-pentyl- 
thiazole (X; m = 5), colourless flat needles, m. p. 89—90°, from water (Found: C, 47-55; H, 5-65; 
N, 5-65; S, 21-2. C,,H,,O,NS, requires C, 47-5; H, 5-6; N, 4-6; S, 21-1%). 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, . 
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613. Auric Fluoride and Related Compounds. 
By A. G, SHARPE. 


Bromine trifluoride dissolved gold to yield the compound AuBrF,, which decomposes at 180° 
forming auric fluoride. In bromine trifluoride solution AuBrF, behaves as an “ acid,’’ and 
with bromotetrafluorides (“ bases ’’) forms fluoroaurates such as silver fluoroaurate, AgAuF,. 


EvIpENCE for the existence of a fluoride of gold was noted by Moissan (Compt. rend., 1889, 109, 
807), who heated gold wire in fluorine at a dull-red heat and observed the formation of a hygro- 
scopic crust of orange powder on the metal. At a slightly higher temperature decomposition 
occurred, and the powder was not identified. Later attempts to obtain a fluoride were made by 
Lenher (J. Amer. Chem. Soc., 1903, 25, 1136) and by Ruff (Ber., 1913, 46, 922). Lenher studied 
the reaction between argentous fluoride and auric chloride in water, but obtained only auric 
hydroxide; Ruff unsuccessfully attempted the fluorination of gold dichloride with hydrogen 
fluoride and with potassium hydrogen fluoride. Gold-coated copper has been used as a 
fluorination catalyst, but no details of a fluoride of gold have hitherto been published. 

It has been shown (Sharpe and Emeléus, J., 1948, 2135) that bromine trifluoride is a powerful 
fluorinating agent at room temperature and converts thallous, plumbous, and cobaltous halides 
into thallic, plumbic, and cobaltic fluoride, respectively. It therefore seemed likely that this 
reagent would convert gold or its halides into auric fluoride at a temperature well below that 
required for the decomposition of the last-named compound. 

Auric chloride reacted vigorously with bromine trifluoride, but it was soon found that 
conversion of the metal into the chloride was unnecessary and that gold dissolved readily in 
bromine trifluoride, with evolution of bromine, when gently warmed. Evaporation of the 
solution at 50° in vacuo gave a lemon-yellow compound of empirical formula AuBrF,. This 
substance underwent ‘immediate decomposition by water, with the precipitation of auric 
hydroxide; it reacted violently with carbon tetrachloride and with benzene, and exploded in 
contact with alcohol. Its structure is considered below. When the compound was heated at 120°, 
bromine trifluoride was liberated, and at 180° production of auric fluoride was rapid and 
quantitative. 

Auric fluoride, so prepared, is an orange powder. Water decomposes it immediately, with 
the evolution of heat and the formation of auric hydroxide and hydrofluoric acid. Even 40% 
hydrofluoric acid effects immediate hydrolysis, and it is thus clear why Lenher’s attempts to 
prepare it in the wet way failed. Thermal decomposition to gold and fluorine is rapid only above 
500°. Auric fluoride is a powerful fluorinating agent; carbon tetrachloride reacts quietly at 40°, 
but with benzene and with alcohol reaction is violent and the organic liquid takes fire. 
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The reactivity of the compound AuBrF;, suggests that it is not to be formulated as AuF,(BrF,), 
and a clear indication that, in bromine trifluoride solution at least, it ionises according to the 
equation AuBrF, = [BrF,]* + [AuF,]~ is given by the immediate formation of a precipitate of 
silver fluoroaurate, AgAuF,, when solutions of AuBrF, and silver bromotetrafluoride (Sharpe and 
Emeléus, Joc. cit.) in bromine trifluoride are mixed. Instantaneous reactions in solution are 
usually reactions between oppositely charged ions, for which the activation energy is 
extremely low, and this reaction, therefore, may reasonably be represented by the equation 
[BrF,]*[AuF,)- + Ag*t(BrF,)- = Ag*[AuF,)~- + 2BrF,. It is, then, a further example of a 
neutralisation reaction in bromine trifluoride solution, in which “ acids ’’ and “‘ bases ”’ contain 
[BrF,]*+ and [BrF,)— ions respectively (Woolf and Emeléus, this vol., p. 2865). Instead of 
preparing and mixing solutions of AuBrF, and AgBrF,, the preparation may be carried out by 
mixing equivalent quantities of gold and silver or silver chloride, and treating the mixture with 
bromine trifluoride; there can be little doubt that the course of this reaction remains as described 
above. 

By similar methods impure fluoroaurates of sodium and potassium have been obtained. These, 
however, are more soluble than the silver salt in bromine trifluoride, and the products obtained 
by evaporation of their solutions have compositions such as KAuF,,0°1BrF;. Similar retention 
of the elements of bromine trifluoride by other salts was observed by Woolf and Emeléus (loc. cit.). 
Since the bromine trifluoride is relatively firmly bound, a possible explanation appears to be 
solvolysis by bromine trifluoride, but this awaits experimental confirmation. 

The fluoroaurates are very pale yellow in colour; they are rapidly decomposed by cold water, 
é.g., AgAuF, + 3H,O = Au(OH), + AgF + 3HF. The silver salt is without action on carbon 
tetrachloride but is slowly reduced to gold and silver by benzene. 


EXPERIMENTAL, 


Analysis.—A general method found suitable for the compounds described below was decomposition 
with dilute aqueous sodium hydroxide containing a little formaldehyde, filtration and ignition of the 
gold which was precipitated, and determination of bromine and fluorine in the filtrate as silver bromide 
and as calcium fluoride respectively. From silver tetrafluoroaurate both gold and silver were 
precipitated; they were separated by dissolution of the silver in nitric acid. 

Preparation of AuBrF,.—Gold powder (l1—2 g.) and an excess of bromine trifluoride (15—20 g.) 
were warmed together in a quartz flask until evolution of bromine began. The gold dissolved quietly 
and a clear yellow solution resulted. From this the excess of bromine trifluoride was removed and 
recovered by distillation in vacuo into a quartz trap cooled in liquid air. The silica flask and its contents 
were heated at 50° until the product had a constant weight. The weight of product equivalent to 
Au = 197 was 386 (AuBrF, requires 391) (Found: Au, 51-4; Br, 19-9; F, 28-5. AuBrF, requires Au, 
50-4; Br, 20-4; F, 29-2%). Reactions of the compound with organic liquids and water are described 
above. The scarlet residue from the reaction with carbon tetrachloride was identified as auric chloride. 

Auric Fluoride.—When the compound AuBrF, was heated to 120°, bromine trifluoride was evolved 
and an orange residue remained in the flask. At this temperature decomposition was slow, but at 
180° liberation of bromine trifluoride was rapid and auric fluoride containing only a trace of bromine 
remained (Found: Au, 77-1; F, 22-3; Br, <0-5. AuF, requires Au, 77-6; F,22-4%). Theapproximate 
temperature at which decomposition of auric fluoride took place was determined by heating samples in 
sealed tubes and examining the residues. At about 500° fluorine (identified by its action on a crystal of 
potassium iodide) was evolved and a residue of gold (distinguished from auric fluoride by its insolubility in 
concentrated hydrochloric acid) remained. When auric fluoride was warmed with dry carbon 
tetrachloride a quiet reaction ensued, and the characteristic — smell of organic chlorofluoro-compounds 
was noticed. Benzene and alcohol reacted violently in the cold. 

Silver Fluoroaurate—The most convenient preparation was from gold and silver. Equivalent 

quantities of the two metals were weighed into a quartz flask and treated with bromine trifluoride; a 
vigorous reaction took place and a pale yellow precipitate settled. Removal of the solvent in the usual 
manner left a residue of silver fluoroaurate (Found: Ag, 28-0; Au, 51-5; F, 19-7. AgAuF, requires 
Ag, 28-3; Au, 51-8; F, 19-9%). The use of silver chloride in place of silver, and precipitation from 
—- prepared solutions of AuBrF, and AgBrF,, gave the same product. Its reactions are described 
above. 
Other Salts. —Impure potassium fluoroaurate was obtained by the action of bromine trifluoride on a 
mixture of equivalent quantities of gold and potassium chloride. Since the constituents of this mixture, 
when cau to react separately, yield respectively AuBrF, and KBrF, (a mixture of equivalent 
proportions of which would contain Au, 33-6; Br, 27-3; F, 32-5%), the formation of a product approx- 
imating in composition to KAuF, is clear evidence for a neutralisation reaction, and the retention of 
small quantities of bromine trifluoride (indicated by analysis and by the weight of product formed) 
must be due to a secondary effect (Found: Au, 59-0; Br, 3-0; F, 25-5. Calc. for KAuF,: Au, 63-2; 
F, 24:3%).. Anhydrous sodium chloroaurate was similarly converted into impure sodium fluoroaurate 
(Found: Au, 58-3; Br, 3-5; F, 28-3. Calc. for NaAuF,: Au, 66-6; F, 25-6%). 
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614. 1: 2-Disubstituted 3-Aminoindoles. Part I. Preparation and 
Reactions. 
By Hvuanc-Hsinmin and FREDERICK G. MANN. 


The 3-nitroso-derivatives of 2-phenyl-l-ethyl- and of 1 : 2-diphenyl-indole undergo smooth 
catalytic reduction to the corresponding 3-amino-derivatives, which are very readily oxidised 
in air but give stable crystalline acyl derivatives and also condense readily with various 
aldehydes. The condensation oe with quinoline-2-aldehyde, when subsequently 
combined with methyl iodide, afford cyanine dyes identical in type with those previously 
prepared by condensing the 3-nitroso-indole with quinaldine methiodide. 

A by-product of the catalytic reduction is the corresponding azo-3-(1 : 2-disubstituted)- 
indole; in the 1 : 2-diphenyl series, a setond form of this azo-compound can be obtained by 
oxidising the 3-amino-indole with nitrosodiphenylamine. -Nitrosodimethylaniline reacts, 
however, with the 3-amino-indole to give an azoxy-derivative. 

A number of the products obtained by atmospheric oxidation of the 3-amino-indoles have 
been isolated and investigated. 


TueE bright green crystalline 1 : 2-disubstituted 3-nitrosoindoles of type (I), first prepared by 
Campbell and Cooper (J., 1935, 1208) by the nitrosation of the corresponding 1 : 2-disubstituted 
indoles, were later used extensively by Mann and Haworth (J., 1944, 670) for the preparation 
of a novel type of cyanine dye; they were also prepared in number by Crowther, Mann, and 
Purdie (J., 1943, 58) and by Brown and Mann (jJ., 1948, 847, 858) for characterising the 
1 : 2-disubstituted indoles which arose in their study of the cyclisation of phenylacylanilines. 
We have now investigated in detail the reduction of these 3-nitroso-indoles to the corresponding 
3-amino-indoles, using for this purpose 3-nitroso-2-phenyl-l-ethylindole (I; R= Et) and 
3-nitroso-1 : 2-diphenylindole (I; R = Ph). The first of these indoles had already been reduced 
by Mann and Haworth (Joc. cit.) using zinc and hydrochloric acid, but only the hydrochloride 


7 NO 7 NH 
(I.) Ay Ph \ wi (II.) 


of the 3-amino-indole was isolated. We find that both these nitroso-indoles in ethanolic solution 
undergo smooth reduction by hydrogen in the presence of a platinum catalyst, and 3-amino-2- 
phenyl-1-ethylindole (II; R = Et) and 3-amino-1 : 2-diphenylindole (II; R= Ph) are thus 
obtained. Other reducing agents, such as zinc and acetic acid, ammonium sulphide, and 
sodium dithionite (hydrosulphite), similarly produce the amines but far less satisfactorily. 
Both these amines can be distilled without apparent decomposition in a high vacuum, but the 
distillate in each case forms a gum which (in the 1 : 2-dipheny] series) later sets to a brittle glass. 
All attempts to crystallise these amorphous products have so far failed, partly because of the 
very ready atmospheric oxidation of these amines which necessitates their handling and storage 
in a vacuum or under nitrogen. The crystalline hydrochlorides of the amines are also readily 
oxidised and have to be similarly stored. The nature of the oxidation products is discussed 
later. The amines behave normally towards acylating agents, however, and the crystalline 
3-acetamido-, 3-benzamido-, and 3-benzenesulphonamido-derivatives of 1-phenyl-2-ethyl- and of 
1: 2-diphenyl-indole have thus been prepared. It is noteworthy, however, that the 3-acetamido- 
derivatives which we have used extensively in further synthetic work (see following paper) are 
readily prepared in one operation by the catalytic reduction of the corresponding 3-nitroso- 
indoles in acetic anhydride suspension. 

The various classes of derivatives obtained from these 3-amino-indoles will be discussed 
under separate headings. 

Schiff’s Bases (Azadimethin Derivatives)—The 3-amino-indoles condense readily with 
many aldehydes, and, for example, the benzylidene derivatives (III) and the p-dimethylamino- 
benzylidene derivatives of 1-phenyl-2-ethylindole and of 1 : 2-diphenylindole are thus obtained. 


(NES CHPA ¢ \— sce 16 7 \ asc CC) 
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Of greater interest, however, is the fact that quinoline-2-aldehyde undergoes a similar 
condensation, giving «-azadimethin(2-phenyl-1-ethyl-3-indole][2-quinoline] (IV; R= Et) and 
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the 1 : 2-diphenyl-3-indole analogue (IV; R = Ph). These compounds readily form quaternary 
salts such as [2-phenyl-l-ethyl-3-indole}[1-methyl-2-quinoline]-«-azadimethincyanine iodide 
(V; R=Et). These cyanine dyes are of the same type as those prepared by Mann and 
Haworth (loc. cit.) by the condensation of, ¢.g., quinaldine methiodide with the corresponding 
3-nitroso-indole in the presence of a trace of piperidine. Our new preparation thus affords an 
alternative, although less convenient, synthesis of this class of cyanine dye. 
Azo-derivatives—When 3-nitroso-2-phenyl-l-ethylindole (I; R= Et) was catalytically 
reduced, either in ethanol to give the 3-amino-compound, or in acetic anhydride to give the 
3-acetamido-derivative, a small residue was always obtained which on purification afforded 
bright yellow crystals, m. p. 252°, the composition and molecular weight of which showed they 
were azo-3-(2-phenyl-1-ethylindole) (VI; R = Et). In later experiments, attempts were made 
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to condense the 3-amino-compound with nitrosodiphenylamine, Ph,N*NO, but oxidation of 
the amine then occurred, and the same azo-derivative was isolated. The fact that this reaction 
was essentially caused by the nitrosoamine group and was independent of the particular aryl 
radicals, was proved in the 1 : 2-diphenyl series by repeating the experiment using nitrosodi-p- 
tolylamine, whereupon the azo-compound was again obtained. 

The catalytic reduction of 3-nitroso-1 : 2-diphenylindole (I; R = Ph) to the 3-amino-indole 
similarly gave a residue which on purification furnished azo-3-(1 : 2-diphenylindole) (V1; 
R = Ph) as yellow crystals, m. p. 185°. These will be referred to as the a-form. When, 
however, the 3-amino-indole was treated with either nitrosodiphenylamine or nitrosodi-p-tolyl- 
amine, an isomeric $-form (having the same molecular weight) was isolated as orange crystals, 
m. p. 336°. This 8-form also occurred in another reaction, for, when the ethanolic mother- 
liquor from the recrystallisation of the crude 3-nitroso-1 : 2-diphenylindole was set aside for 
many: weeks, a small deposit of the $-form collected, and when purified had m. p. 336°, alone 
and when mixed with that obtained by the nitrosodiphenylamine reaction. It is noteworthy 
that catalytic reduction of 3-nitroso-1 : 2-diphenylindole in acetic anhydride to give the 
3-benzamido-derivative did not give the azo-compound as a by-product: in this respect the 
1 : 2-dipheny]l series differed from the analogous 2-phenyl-1-ethy] series. 

Since no method of converting either form into the other could be found, these forms 
represent apparently a very rare example of stable syn- and anti-azo-compounds. It will be 
noted that in previous examples of such geometric isomerism (Hartley, ]., 1938, 633; Cook, 
J., 1938, 876; 1939, 1309, 1315), one form (presumably always the cis) has undergone conversion 
into the second (trans) form. In view of the remarkable nature of this isomerism, decisive 
evidence for the constitution of both forms was clearly desirable. They could not be synthesised 
unambiguously by the condensation of equimolecular quantities of the 3-nitroso- and the 
3-amino-indole, because Campbell and Cooper (loc. cit.) and Mann and Haworth (loc. cit.) have 
shown that these 3-nitroso-indoles do not condense with primary amines. (It follows that the 
azo-compounds could not have thus arisen during reduction by the 3-amino-indole condensing 
with unreduced 3-nitroso-indole. It is probable that reduction of the latter proceeds through 
the 3-hydroxylamino-compound, R-NH°OH, which can then either undergo further reduction 
to the amino-compound or condense with itself with loss of water to give the stable azo- 
derivative.) The reverse process, namely reduction of the azo-compounds to give solely the 
3-amino-indoles, could not be effected owing to the great stability of these azo-compounds, and 
it became clear that a reductive process sufficiently violet to break the —N:N- link, even if it 
could be found, might also reduce the indole to the indoline, and a mixture of racemates could 
then result. It is noteworthy that no decisive evidence for such geometric isomerism was 
detected with azo-3-(2-phenyl-l-ethylindole) (VI; R= Et), and it would appear that the 
occurrence of such isomerism is dependent on the size (or shape) of the disubstituted indole 
nucleus, and that the isomeric stability of the two forms may also be closely associated with 
their chemical stability. 

Other azo-derivatives could be obtained by standard reactions. Thus 3-benzeneazo-2- 
phenyl-1-ethylindole (VII; R = Et) could be obtained either by the condensation of nitroso- 
benzene with 3-amino-2-phenyl-l-ethylindole, or by that of benzenediazonium chloride with 
2-phenyl-l-ethylindole. A further method was available by diazotising 3-amino-2-pheny]l-1- 
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ethylindole and condensing the product with, for example, $-naphthol in alkaline solution : 
by these means the red crystalline 3-(2-hydroxynaphthalene-1-azo)-2-phenyl-1-ethylindole (VIII; 
R = Et) was obtained. It is noteworthy, however, that this diazotised 3-amino-indole would 
not condense with dimethylaniline. None of the various azo-compounds obtained by these 
reactions showed any indication of geometric isomerism. 
Azoxy-derivatives.—3-Amino-2-phenyl]-1l-ethylindole reacted readily with p-nitrosodimethyl- 
aniline to give p-dimethylaminobenzene-N’-azoxy-3-(2-phenyl-1-ethyl)indole (IX; R= Et), and 
the corresponding azowxy-3-(1 : 2-diphenylindole) (IX; R = Ph) was similarly obtained; the 
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latter product was further characterised as its methiodide (X). It is clear that this reaction 
with p-nitrosodimethylaniline, like that with nitrosodiphenylamine, involves oxidation of the 
3-amino-group. Other examples are known, however, of the similar formation of azoxy- 
compounds: thus Ruggli and Petitjean (Helv. Chim. Acta, 1938, 21, 716) have shown that 
aniline reacts with p-dinitrosobenzene to give an azoxy-derivative, and other types of compound 
will also give such derivatives by reaction with p-nitrosodimethylaniline (cf. Dalgliesh and 
Mann, J., 1947, 559). 

Oxidation Derivatives.—The extremely ready oxidation of the above two 3-amino-indoles 
undoubtedly gives rise to a number of derivatives, the complete separation and structural 
elucidation of which would require a considerable investigation. It appears clear, however, 
that these 1 : 2-disubstituted 3-aminoindoles can react in the tautomeric 3-iminoindoline form 
(II-A), because the l-ethylindole (II; R = Et) in, for instance, ethereal solution is readily 
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oxidised to a yellow compound, m. p. 132°, the composition of which indicates that it is 3-imino- 
2-hydroxy-2-phenyl-1-ethylindoline (XI; R= Et), and the 1l-phenylindole (II; R= Ph) 
similarly gives the yellow 1-phenylindoline analogue (XI; R = Ph), m. p. 142°. It is note- 
worthy that these compounds give an orange-red and a red hydrochloride respectively; this 
marked change in colour on salt formation is not unexpected, because the cation produced 
from each base would exist as a resonance hybrid of the two canonical forms shown in (XII-A) 
and (XII-B). 

We have investigated more fully the behaviour of 3-amino-1 : 2-diphenylindole, because 
this compound on atmospheric oxidation produces also a well-defined colourless oxidation 
product, in which the oxidation has apparently proceeded one stage further, for its composition 
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indicates that it is 3-oximino-2-hydroxy-1 : 2-diphenylindoline (XIII). This compound, on 
heating, melts at 209°5—210°, resolidifies, and melts again at 280—281°. The compound, 
m. p. 281°, obtained by this heat treatment can thus be readily produced; it is also a well- 
defined crystalline compound but has the molecular formula C,9H,,ON,, i.e., it has been 
formed by loss of water from the compound (XIII) and is isomeric with the original green 
3-nitroso-indole (I; R= Ph). Further investigation showed that it could also be obtained 
from the 3-oximino-compound (XIII) by boiling the latter with ethanolic hydrogen chloride 
or with aqueous sodium hydroxide, although boiling ethanolic potassium hydroxide ruptured 
the heterocyclic ring with the production of N-phenylanthranilic acid. Furthermore the new 
compound of m. p. 281° readily gave a yellow methiodide, m. p. 260—263°. 

The constitution of this compound remains uncertain. It is suggested however that the 
oximino-compound (XIII) may be highly susceptible to the Beckmann rearrangement, and 
under the influence of heat or the above reagents gives the unstable quinazolone derivative 
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(XIV), which immediately loses water to give 4-heto-1 : 2-diphenyl-1 : 4-dihydroquinazoline 
(XV). Parallel Beckmann rearrangements in indole derivatives are well known : for example, 
3-oximino-2-phenylindole (XVI) when treated with ethereal phosphorus trichloride at room 
temperature is converted into 4-keto-2-phenyl-3 : 4-dihydroquinazoline (XVII) (Alessandri, 
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Atti R. Accad. Lincei, 1913, 22, ii, 152, 229), whilst isatin-2 oxime (XVIII) under the influence 
of alkali gives the diketoquinazolidine (XIX) tautomeric with 2: 4-dihydroxyquinazoline, 
Compounds of type (XV) appear to be unknown, however, and their reactivity towards methyl 
iodide (which one would expect to be low) is necessarily also unknown. 

We have not ignored a further possibility, namely that in the compounds (XI) and (XIII) 
the heterocyclic ring has opened at the N-C link, and that these compounds are consequently 
the monoimide and mono-oxime respectively of, for example, o-anilinobenzil. However, no 
reliable evidence for such a change in structure could be obtained. 


EXPERIMENTAL, 


( 2-Phenyl-l-ethylindole and its 3-nitroso-derivative were prepared as Crowther, Mann, and Purdie 
loc. cit.) direct. 

1: 2-Diphenylindole and its 3-Nitroso-derivative-—The following modifications of the method of 
Mann and Haworth (Joc. cit.) have improved the yields of these compounds. 

A mixture of as-diphenylhydrazine (44 g.), acetophenone (32 g., 1-1 mols.), and acetic acid (0-5 c.c.) 
was heated on a water-bath for 1-5 hours. The crude yellow hydrazone thus obtained was thoroughly 
mixed with finely powdered zinc chloride (132 g.) and then heated with stirring in a bath at 180°. 
Reaction occurred when the mixture reached ca. 130°; the vessel was then immediately removed from 
the bath, and the rise in temperature checked as much as possible by vigorous stirring and gentle cooling 
in water. When the temperature (which should not have exceeded 200°) began to fall, the vessel was 
returned to the bath at 180° for 10 minutes. The black tar was then poured into 5% hydrochloric 
acid (150 c.c.), and the indole extracted 4 times with ether (250 c.c. x 4) and then with benzene 
(100 ¢.c.). The united dried extracts were concentrated, and the residue was first heated at 16 mm. to 
remove readily volatile impurities and then distilled at a lower pressure. The indole had b. p. 
188—190°/0-2 mm., 196—198°/0-6 mm., and readily solidified; after crystallisation from ethanol or 
acetic acid it had m. p. 82-5° (21-5 g., 43% yield). 

A solution of the indole (32 g.) in acetic acid (640 c.c.) was cooled and vigorously stirred while a 
solution of sodium nitrite (10 g., 1-2 mols.) in water (14 c.c.) was added dropwise so that the temperature 
was maintained at 17—19°. Green crystals of the 3-nitroso-derivative separated almost immediately ; 
the final mixture was stirred for a further 30 minutes and filtered. The crude nitroso-compound, 
when washed on the filter with ether (100 c.c.) changed from yellowish-green to bluish-green: it then 
had m. p. 204—206° (28-8 g.). The united mother-liquor and ethereal washings were vigorously stirred 
while being slowly diluted with water (2 1.); a second crop of m. p. 198—200° (6-5 g.) was thus 
precipitated. The total yield was almost theoretical. Recrystallisation of the united crops from 
ethanol gave the pure 3-nitroso-indole, m. p 206—207° (34 g., 96%). It was this ethanolic mother- 
liquor which when set aside for a considerable period deposited a small quantity of the azo-derivative 
(see p. 2909). 

3-A mino-2-phenyl-1-ethylindole (II; R = Et).—A suspension of the finely powdered 3-nitroso- 
compound (I; R = Et) (15 g.) in ethanol (50 c.c.) containing reduced Adams’s catalyst (from 0-1 g. of 
dioxide) was hydrogenated in the usual way at room temperature and just above 760 mm. pressure. 
Hydrogen (1900 c.c., 1-42 mols.) was absorbed during 4 hours, the green suspension being converted into 
a sticky yellow solution. This solution was then filtered under nitrogen, and the ethanol distilled 
under reduced pressure. The residue, when distilled in nitrogen at 0-9 mm., gave the 3-amino- 
compound as a golden-yellow syrup, b. p. 194—196° (Found: C, 78-8; H, 6-5; N, 11-5. CygHyN, 
requires C, 81-3; H, 6-8; N, 11-9%. Consistent values for carbon could not be obtained, partly owing 
to the ready oxidation in air) (8-7 g., 61% yield). Other b. p.s observed were 192°/0-8 mm. and 
170°/0-1 mm. The residue in the distilling flask provided azo-3(-2-phenyl-l-ethylindole) (VI; R = Et) 
and is described later. 

The reduction, when performed at 70° with hydrogen at 50 atmospheres pressure, gave the same 
product, and no reduction to the indoline was detected. 

The 3-amino-compound was characterised by conversion into the following derivatives. 

Hydrochloride. Dry hydrogen chloride was passed into a dry ethereal solution of the base which 
was maintained at 0° under nitrogen. An orange-coloured precipitate was obtained which when 
exposed to damp air rapidly formed a sticky dark violet mass. It was therefore rapidly recrystallised 
from anhydrous ethanol with exclusion of air, and the hydrochloride obtained as colourless crystals, 
m. p. 242—244° freee. , which rapidly became pink on exposure to air (Found: C, 69-9; H, 6-3; 
N, 9-95; Cl, 13-5. C,.H,,N,,HCl requires C, 70-4; H, 6-3; N, 10-3; Cl, 130%). The ethanolic 
mother-liquor when boiled in air deposited a green substance. This hydrochloride in the form of a 
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monohydrate was obtained by Mann and Howarth (loc. cit.) by the reduction of the 3-nitrosoindole 
with zinc and hydrochloric acid. 

Picrate. When ethanolic solutions of the 3-amino-indole and of picric acid were mixed in a nitrogen 
atmosphere, the mixture immediately became red and then gradually darkened, while green crystals 
separated. These crystals, when recrystallised from ethanol, gave the dark green crystalline picrate, 
m. p. 172—174° (Found: C, 57-2; H, 4-5; N, 15-0. Calc. for C,,.H,,N,,C,H,;O,N,;: C, 56-7; i. 4-1; 
N, 150%). This picrate is presumably identical with that prepared by Castellana and d’Angelo 
(Gazzetta, 1906, 36, ii, 60) by the reduction of 3-nitroso-2-phenyl-l-ethylindole, for which they record 
m. p. 173°. 

B Acetyl derivative. A solution of the 3-amino-indole in acetic anhydride was boiled for a few 
minutes, cooled, mixed with water, heated under reflux to hydrolyse the excess of anhydride, and cooled. 
The aqueous layer was decanted, and the yellowish-brown sticky residue stirred with acetone to induce 
crystallisation. The crystalline product when recrystallised from acetone gave the 3-acetamido- 
compound as colourless crystals, m. p. 180° (Found: C, 77-9; H, 6-7; N, 10-3. C,,H,,ON, requires 
C, 77:7; H, 6-5; N, 10-1%). This compound was also obtained when a solution of the 3-nitroso-indole 
(3 g.) in acetic.anhydride (15 c.c.) containing Adams's catalyst (0-02 g.) was shaken with hydrogen at 
room temperature for 30 minutes, after which absorption of hydrogen (457 c.c., 1-7 mols.) was complete. 
The mixture was decomposed with water, cooled, and filtered. The solid product so obtained was 
boiled with acetone (100 c.c.), filtered to remove an insoluble product, and then cooled, whereupon the 
yellowish-orange azo-indole (VI; R= Et) crystallised (see below). The filtered mother-liquor, when 
concentrated and cooled, deposited the 3-acetamido-compound, which after recrystallisation from 
acetone had m. p. 180°, mixed and unmixed. This method of preparation is obviously superior to that 
involving the free amino-indole. 

3-Benzoyl derivative. Obtained in the usual way by shaking the 3-amino-indole in suspension in 
aqueous sodium hydroxide with benzoyl chloride, this derivative after recrystallisation from ethanol 
formed colourless crystals, m. p. 209-5° (Found: C, 80-8; H, 6-2; N, 81. C,s;H,,ON, requires C, 
81-2; H, 5-9; N, 8-2%). When assessing the comparative value of other reducing agents for the 
preparation of the 3-amino-indole (see below), it was found most convenient to isolate and determine 
the latter as this derivative. 

3-Benzenesulphonyl derivative. A solution of the 3-amino-indole in dry pyridine was treated with 
benzenesulphony!] chloride under nitrogen and then heated under reflux for 2 hours, cooled, and poured 
into water. The precipitated gum readily solidified and when recrystallised from ethanol gave the 
3-benzenesulphonamido-compound as colourless crystals, m. p. 165° (Found: C, 70-1; H, 5-5; N, 7-4. 
CygH90,N,5 requires C, 70-2; H, 5-35; N, 7-45%). 

We have investigated the action of a number of reducing agents on 3-nitroso-2-phenyl-1-ethylindole, 
and have confirmed that it can be reduced to the 3-amino-compound by zinc and hydrochloric acid as 
Mann and Haworth (loc. cit.) claimed, and also by zinc and acetic acid and by ammonium sulphide. 
The yields obtained by these methods are low and (probably owing to the unstable nature of the product) 
are markedly affected by apparently slight changes in the experimental conditions; catalytic reduction 
is therefore by far the most satisfactory method. 

It is noteworthy, however, that none of these methods apparently carried the reduction one stage 
further to the indoline, for no indication of the presence of this compound in the crude reaction mixture 
was obtained. This is the more surprising because 1 : 2-disubstituted indoles can be reduced to the 
corresponding indoline by zinc and hydrochloric acid. This fact is illustrated by the following 
preparation. 

2-Phenyl-1-ethylindoline —A mixture of 2-phenyl-l-ethylindole (5 g.), zinc dust (8 g.), and ethanol 
(100 c.c.) was stirred on a boiling water-bath while concentrated hydrochloric acid (27 c.c.) was added 
dropwise during 1 hour. The solution was then heated under reflux for a further 30 minutes, cooled, 
filtered, and evaporated under reduced pressure. The residue was thoroughly stirred with water and 
then repeatedly extracted with ether. The dried filtered extract, on removal of the ether, gave a yellow 
oil (3-3 g., 65%) and a brown tar; the oil, when decanted and distilled, gave the indoline as a colourless 
oil, b. p. 174—176°/14 mm., 155—157°/1-8 mm. (Found: C, 87-1; H, 7-8; N, 6-1. C,,H,,N requires 
C, 86-1; H, 7-6; N, 63%). It gave a picrate, yellow crystals from ethanol, m. p. 113° (Found: C, 
59-0; H, 46; N, 12-4. C,,H,,N,C,H,O,N, requires C, 58-5; H, 4-4; N, 12-4%), and a methiodide, 
colourless needles from ethanol, m. p. 173-5—174° (Found: C, 56-4; H, 5-6; N, 3-7. C,,H,NI 
requires C, 55-9; H, 5-5; N, 3-8%). 

3-Amino-1 : 2-diphenylindole (Il; R = Ph).—An ethanolic suspension of the 3-nitroso-indole 
(I; R = Ph) was catalytically reduced at room temperature precisely as was the previous 1-ethyl- 
analogue, and distillation of the final product gave the 3-amino-indole as an orange syrup, b. p 
199—210°/0-003 mm., which solidified to a brittle bog glass, m. p. 50—53° (Found: C, 83-2; 
H, 5-2; N, 9-6. CyH,gN, requires C, 84-5; H, 5-7; N, 9-85%. Consistent values for carbon again 
could not be obtained) (yield, 67%). Other preparations gave the following b. p.s: 228°/0-015 mm. 
and 239—242°/0-025 mm. The undistilled residue yielded the a-form of azo-3-(1 : 2-diphenylindole) 
oe below). This 3-amino-indole was characterised by the preparation, as above, of the following 

erivatives. 

The unstable hydrochloride, when recrystallised from ethanolic ether, gave colourless crystals, m. p. 
223—225°, which became pink immediately if powdered in the open air; the unsatisfactory analysis 
was apparently due to this instability, which precluded effective recrystallisation (Found: C, 72-6; 
H, 6-3; N, 8-3. CygH,,N,,HCl requires C, 74-9; H, 5-3; N, 87%). When recrystallised from acetone, 
the crystals had m. p. 177—182° but gave inconsistent analyses. 

The very soluble picrate was prepared from an ethereal solution of the amine and an acetone 
solution of picric acid. The yellow crystals were washed with the latter solution and then had m. p. 
184—187°, but analyses indicated a product rendered impure by dissociation. The use of other solvents, 
and recrystallisation, gave similar impure samples. 

The 3-acetyl derivative formed large colourless crystals, m. p. 230°, from acetone (Found: C, 80-6; 
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H, 5-9; N, 8-9. (C,,H,,ON, requires C, 81-0; H, 5-6; N, 8-6%). Catalytic reduction of the 3-nitrogso- 
indole in acetic anhydride, performed as for the l-ethyl analogue, gave this compound in 87% yield. 
The 3-benzoyl derivative formed colourless crystals, m. P- 175°, from ethanol (Found : é 83-9; 
H, 5-8; N, 7-6. C,,H, ON, requires C, 83-5; H, 5-2; N, 7-2%). ‘ 
The 3-benzenesulphonyl derivative, after recrystallisation from ethanol and then from benzene, 
formed colourless crystals, m. p. 218° (Found: C, 73:8; H, 4:45; N, 6-6. CygH,O,N,S requires 
C, 73-6; H, 4-8; N, 66%). 

The conversion of the 3-nitro-indole into the 3-amino-indole was also carried out with zinc and 
hydrochloric acid, ammonium sulphide and sodium dithionite (hydrosulphite), but these were all 
inferior to catalytic hydrogenation. When a xylene solution of 1 : 2-diphenylindole was heated under 
reflux for 6 hours with sodamide, the unchanged indole was subsequently recovered in 85% yield. 

Schiff'’s Bases (Azadimethin Derivatives) —(a) A mixture of the 3-amino-indole (II; R = Et) (1 g,) 
and benzaldehyde (2-4 c.c.) was heated at 190—200° for 4 hours under nitrogen. The dark brown 
— when cold readily crystallised when rubbed, particularly when acetic acid was added. The 
solid product when crystallised first from light petroleum (b. p. 60—80°) and then from ethanol gave 
3-benzylideneamino-2-phenyl-1-ethylindole (IIl; R = Et) as pale yellow crystals, m. p. 126° (Found: 
C, 85-0; H, 6-1; N, 8-8. Cys aN, requires C, 85-2; H, 6-2; N; 8-65%). 

The 1: 2-diphenyl analogue (III; R= Ph), similarly prepared and recrystallised from ethanol, 
formed yellow crystals, m. p. 163° (Found: C, 86-8; H, 5-7; N, 7-6. C,,;H,)N, requires C, 87-2; H, 
5-4; N, 7-5%). 

(b) A mixture of the 3-amino-indole (II; R = Et) (0-86 g.) and p-dimethylaminobenzaldehyde 
(0-6 g., 1-1 mols.) was similarly heated at 150—160° for 8 hours. The cold orange-red viscous product, 
when stirred with ethanol, gave the solid 3-p-dimethylaminobenzylideneamino-2-phenyl-1-ethylindole (as 
III; R= Et), which after crystallisation from ethanol afforded yellow needles, m. p. 164° (Found: 
C, 81-4; H, 7-0; N, 11-5. C,;H,,N, requires C, 81-6; H, 6-9; N, 11-4%). 

The 1: 2-diphenyl analogue (as III; R = Ph), after crystallisation from acetone, formed yellow 
crystals, m. p. 197° (Found: C, 83-7; H, 6-4; N, 10-2. C,)9H,,N, requires C, 83-85; H, 6-1; N, 10-1%). 

(c) A mixture of the 3-amino-indole (II; R = Et) (1-16 g.) and quinoline-2-aldehyde (0-78 g., 1 mol.) 
was heated under nitrogen at 150—160° for 2 hours. The resulting black syrup was then heated under 
reflux with ethanol (4 c.c.). The cold solution deposited yellow crystals, which after crystallisation 
from ethanol afforded a-azadimethin[2-phenyl-1-ethyl-3-indole][2-quinoline] (IV; R = Et) as fluorescent 
greenish-yellow plates, m. p. 160° (Found: C, 83-3; H, 6-0; N, 11-7. CygH,,N; requires C, 83-2; 
H, 5-6; N, 11-2%). 

The 1: es pop analogue (IV; R = Ph), similarly prepared, crystallised when the crude melt 
was heated under reflux with xylene and then cooled; crystallisation from acetone then gave bright 
yellow needles, m. p. 247—247-5° (Found: C, 85-4; H, 5-2; N, 10-0. Cy 9H,,N; requires C, 85-1; 
H, as N, 9-9%). In an evacuated desiccator containing sulphuric acid, the crystals developed a red 
surface film. 

It is noteworthy that no well-defined product could be obtained from the attempted condensation 
of 3-amino-1 : 2-diphenylindole with m-hydroxybenzaldehyde, benzoquinone, or 1-methyloxindole. 

Cyanine Dyes.—(a) (2-Phenyl-1-ethyl-3-indole][1-methyl-2-quinoline|-a-azadimethincyanine iodide. A 

mixture of the compound (IV; R = Et) and an excess of methyl iodide was heated in a sealed tube at 
100° for 23 hours, during which period the ae gree solution became red and deposited a voluminous 
red precipitate. The latter, when recrystalli from methanol, gave the above cyanine iodide as 
bright red crystals, m. p. 221—222° (Found: C, 62-7; H, 4-9; N, 8-25. Calc. for C,,H,,N,I: C, 62-7; 
H, 4:7; N, 8-1%). Mann and Haworth (loc. cit.) prepared this compound by their shorter method, 
and described it as greenish-brown crystals, m. p. 218—219°. A sample of their product had the same 
m. p., both alone and mixed with that now described, when the m. p.s were determined under identical 
conditions of heating. Their product, moreover, when freshly recrystallised from methanol, now gave 
bright red crystals of unchanged m. p. The significance of this change in colour is uncertain: it may 
be due to crystal size, to dimorphism, or to a faint trace of impurity in Mann and Haworth’s original 
specimen. 
(b) [1 : 2-Diphenyl-3-indole][1-methyl-2-quinoline)-a-azadimethincyanine iodide (V; R=Ph). A 
mixture of the compound (IV; R = Ph) and methyl iodide was heated under reflux for 76 hours. 
The dark crystals which had separated were filtered from the cold product and thoroughly washed with 
xylene. A portion of these crystals when recrystallised from methanol gave the pure cyanine iodide 
as long red needles; another portion, recrystallised from ethanol containing 10% of water, gave the 
pure iodide as compact dense permanganate-coloured crystals. This difference was determined 
entirely by the solvent, since each form could be converted into the other by crystallisation from the 
appropriate solvent. Each form, and a mixture of both, on heating began to soften at ca. 180° and to 
decompose at ca. 200° with separation of a yellow solid at 230° which ultimately melted at 242—244°, 
while a violet coloration appeared in the upper and cooler portion of the tube; this behaviour 
undoubtedly indicated that the methiodide was partly dissociating into the original azadimethin (IV; 
R = Ph) under the influence of heat (Found: C, 65-5; H, 4-4; N, 7-6. C3,H,,N;I requires C, 65-7; 
H, 4:3; N, 7-4%). The time of heating in the preparation could be reduced to 38 hours if the original 
mixture was diluted with nitromethane and maintained at 48—52°. 

When the compound (IV; R = Ph) with an excess of pure methyl toluene-p-sulphonate was heated 
under reflux in xylene solution for 4-5 hours, the corresponding cyanine toluene-p-sulphonate separated 
as dark red crystals, which on recrystallisation from methanol formed violet leaflets of the mono- 
methanolate, m. p. 258—261° (Found: C, 72-75; H, 5-65; N, 6-85; S, 4-6. C3;,H;,0,N,S,CH,O requires 
C, 73-0; H, 5-5; N, 6-55; S, 5-0%). A hot ethanolic solution of this salt, when treated with an excess 
of ethanolic sodium iodide, gave dark red crystals of the above cyanine iodide (V; R = Ph), which 
after recrystallisation from ethanol, behaved identically on heating (alone or mixed). 

. The cyanine iodide was also —— by Marin and Haworth’s method, a solution of 3-nitroso- 
1 ; 2-diphenylindole (1 g.) and quinaldine methiodide (0-85 g., 1 mol.) in ethanol (25 c.c.) containing a 
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trace of piperidine being heated under reflux for 6 hours. The cold solution deposited permanganate- 
coloured crystals which, after recrystallisation from methanol, behaved on heating similarly to the 
previous preparation (Found : C, 65-8; H, 4-7; N, 7-6; I, 22-4%). 

ee eee ae eee (VI; R= Et). (i) The residue from the distillation 
of 3-amino-2-phenyl-l-ethylindole (II; = Et) (p. 2906), obtained by the catalytic reduction of the 
3-nitroso-indole (15 g.), when stirred with acetone (25 c.c.) deposited the above azo-compound (0-93 g.) 
in two distinct crystalline forms, large reddish-brown compact crystals (0-51 g.) and minute yellow 
crystals (0-42 g.), each of m. p. 184—186°. Recrystallisation of either form from benzene and then 
from benzene-ethanol gave yellow leaflets, m. p. 251—252° (Found: C, 82-2; H, 6-3; N, 11-8. 
CygHa,N requires C, 81-9; H, 6-1; N, 12-0%). 

(i) The hot acetone extract of the crude 3-acetamido-indole, obtained by reductive acetylation of 
the 3-nitroso-indole, on cooling deposited the above azo-compound (p. 2907). This sample when 
recrystallised as above had m. p. 251—252°, unchanged by admixture with the above sample. 

(iii) A mixture of the 3-amino-indole (0-21 g.), nitrosodiphenylamine (0-18 g., 1 mol.) and acetic 
acid (2-5 c.c.) was shaken under nitrogen for 1 hour, during which the solution became red, then violet, 
and finally green. The product was set aside overnight, and a crop of the above crude azo-compound 
(0-1 g.) then collected. The filtrate was evaporated to a syrup, which solidified when rubbed with 
light petroleum (b. p. 40—60°). This solid on crystallisation from ethanol afforded a second crop of 
the azo-compound (0-15 g.). The united crops when recrystallised from ethanol gave the pure azo- 
compound as yellowish-orange leaflets, m. p. 251—252°, unchanged by admixture with that obtained 
as in (i) (Found: C, 82-2; H, 5-9; N, 122%). 

Azo-3-(1 : 2-diphenylindole) (VI; R = Ph).—(i) a-Form. The residue from the distillation of 
3-amino-1l : 2-diphenylindole (II; R = Ph) (p. 2907) was heated under reflux with acetone (15 c.c.). 
The cold mixture deposited the above azo-compound as yellow crystals (4-4 g., 31%), m. p. 181—182°, 
increased to 185° by further recrystallisation from acetone [Found: C, 84:8; H, 5-3; N, 100%; 
M (ebullioscopic in 1-7% benzene solution) 560, (in 2.9% solution) 590, (in 2-1% p-xylene solution) 580. 
CyoH.,N, requires C, 85-0; H, 5-0; N, 9-9%; M, 565). 

(ii) B-Form (a). When a mixture of the 3-amino-indole (0-4 g.), nitrosodiphenylamine (0-28 g.), 
and acetic acid (3 c.c.) was prepared under nitrogen, the nitrosoamine dissolved readily, but 
gentle warming was necessary to dissolve the indole. The solution was shaken for 2 hours, whereupon 
it became deep-green, and was then set aside overnight. The yellow crystalline deposit of the azo- 
compound (0-1 g., 26%) was collected, washed with acetic acid, and recrystallised from benzene (5 c.c.). 
Two forms of crystal separated, pale yellow needles and compact yellow crystals, each of m. p. 
318—322°. Recrystallisation of the mixture from benzene gave a uniform orange needles, m. p. 336° 
(Found: C, 85-4; H, 50; N, 98%; M yaar wag in 0-58% benzene solution) 600, (in 0-86% 
p-xylene solution) 510. The low solubility in these boiling solvents prevented accurate molecular- 
weight determinations). This preparation was repeated many times: the highest yield (31%) of the 
azo-compound was obtained when the mixture was set aside for 46 hours. 

(b) Repetition of experiment (a) using nitrosodi-p-tolylamine (1 mol.) gave a more rapid deposition 
of the azo-compound in 42% yield; recrystallisation from xylene or acetic acid gave orange needles, 
m. p. 336° (mixed and unmixed with previous sample) (Found: N, 9-7%). 

(c) The ethanolic mother-liquor from the crystallisation of crude 3-nitroso-1 : 2-diphenylindole 
(I; R= Ph), when set aside for several weeks, deposited a small quantity of the orange f-form of the 
azo-compound. (It was undoubtedly this compound which was present in the two crops of the crude 
nitroso-indole and whose removal by ether-washing changed the colour of these crops: direct 
evaporation of the ether washings always afforded the azo-compound.) This material, when 
recrystallised from benzene, gave orange crystals containing 1 mole of benzene of crystallisation (Found : 
C, 85-9; H, 5-3; N,9-1. Cy gH,,Ny,C,H, requires C, 86-0; H, 5-3; N, 8-7%); heating at 150°/0-4 mm. 
readily gave the solvent-free compound (Found: C, 85-1; H, 5-1; N, 10-1%). These crystals, both 
before and after removal of the benzene, had m. p. 336°, mixed and unmixed with sample 
obtained in (a). 

Attempts to synthesise either of these forms by the condensation of the 3-amino-indole with the 
3-nitroso-indole, or by the coupling of the diazotised 3-amino-indole with 1 : 2-diphenylindole failed. 

Properties of the a- and B-forms of the azo-compound (VI; R= Ph). Both forms had a low solubility 
in the usual boiling organic solvents, but that of the a-form was uniformly slightly higher than that of 
the B-form. An pre determination showed that 0-1 g. of the B-form would dissolve in 100 c.c. 
of glacial acetic acid at 18°, and 0-15 g. at the b. p. of the solvent. Prolonged boiling of each form in 
acetic acid, acetone, ethanol, or xylene gave the unchanged material on cooling. No indication of 
interconversion was detected when solutions of each form in xylene were exposed to ultra-violet light 
for 142 hours. Each form could be sublimed unchanged when suitably heated at 0-1 mm. pressure. 

The a-form was unaffected by attempted catalytic reduction in ethanol or in acetic anhydride, and 
by the action of sodium dithionite (hydrosulphite) in aqueous ethanol or in dioxan. Stannous chloride 
in hydrochloric acid, or zinc and hydrochloric acid in dioxan, gave only indefinite products which could 
not be purified. Zinc and hydrochloric acid in aqueous ethanol did, however, give a very small yield 
of the 3-amino-indole, identified as the 3-benzamido-indole, m. p. 168—172° (alone and mixed). 

3-Benzeneazo-2-phenyl-1-ethylindole (VII; R = Et).—(a) A solution of equimolecular quantities 
of the 3-amino-indole (II; R = Et) and nitrosobenzene in acetic acid was shaken under nitrogen for 
1 hour and then set aside overnight. The reddish-brown crystals which had separated from the green 
solution, when collected and recrystallised from ethanol, gave orange crystals of the azo-compound, 
m. p. 140°, unchanged by admixture with the following specimen. 

tt) A solution of pure aniline (0-47 c.c.) in concentrated hydrochloric acid (1-5 c.c.) diluted with 
water (10 c.c.) was diazotised with a solution of sodium nitrite (0-35 g.) in water (3 c.c.) and then mixed 
with a solution of hydrated sodium acetate (2 g.) in water (5 c.c.). This mixture was then added 
dropwise to a solution of 2-phenyl-l-ethylindole (1-1 g.) in 90% ethanol (170 c.c.) at 0O—5° over 1 hour. 
Orange crystals of the above azo-compound (74% yield) were thus obtained and when recrystallised 





2910 1 : 2-Disubstituted 3-Aminoindoles. Pari I. 


—_ ethanol had m. p. 140° (Found: C, 81-1; H, 5-75; N, 13-5. C,H )N, requires C, 81-2; H, 5-9; 
, 12-9%). 

No similar compound could be obtained either by condensing the 3-amino-indole with p-nitroso- 
dimethylaniline or by coupling the diazotised 3-amino-indole with p-dimethylaniline. 

3-Benzeneazo-1 : 2-diphenylindole (VII; R = Ph).—This azo-compound was similarly prepared by 
the condensation of the 3-amino-indole with nitrosobenzene in acetic acid solution. It separated 
from light petroleum (b. p. 100—120°) in large orange-red crystals, m. p. 197-5—199°, and from ethanol- 
chloroform in long orange needles, m. p. 198—199° (Found: C, 83-2; H, 5-3; N, 11-4. CyeH,.N, 
requires C, 83-6; H, 5-1; N, 11-3%). 

3-(2-Hydroxynaphthalene-\-azo)-2-phenyl-l-ethylindole (VIII; R= Et). The freshly distilled 
3-amino-indole (0-52 g.) was dissolved in warm 5% hydrochloric acid (10 c.c.) under nitrogen. When 
the mixture was cooled to 0°, a dark green gum separated. A cold solution of sodium nitrite (0-16 g.) 
in water (2 c.c.) was then added dropwise with shaking, and the resulting mixture filtered directly into 
an alkaline solution of an excess of B-naphthol. The precipitated azo-compound (1-7 g.) when 
recrystallised from ethanol gave long deep-red needles, m. p. 183° (Found: C, 79-2; H, 5-4; N, 10-9. 
C,,H,,ON, requires C, 79-8; H, 5-4; N, 10-7%). 

The analogous azo-3-(1 : 2-diphenylindole) (VIII; R = Ph), similarly prepared and recrystallised, 
gave deep-red crystals, m. p. 241° (Found: C, 81-4; H, 5-2; N, 9-9. C,,H,,ON, requires C, 82-0; 
H, 4:8; N, 9-6%). 

Azoxy-compounds.—p-Dimethylaminobenzene-N’-azoxy-3-(phenyl-1-ethylindole) (IX; R = Et). 
p-Nitrosodimethylaniline (0-45 g.) was added to a solution of the 3-amino-indole (II; R = Et) (0-71 g., 
1 mol.) in acetic acid (7 c.c.) under nitrogen, and the mixture shaken for 1 hour and set aside overnight. 
The yellow solid product, when collected from the dark green mother-liquor, washed with acetic acid 
and ethanol, and then recrystallised from ethanol gave the azoxy-compound as large orange-coloured 
needles, m. p. 154° (Found: C, 75-2, 75-0; H, 6-4, 6-1; N, 15-1, 15-0. C,,H,,ON, requires C, 75-1; 
H, 6-3; N, 146%). 

The analogous N’-azoxy-3-(1 : 2-diphenylindole) (IX; R = Ph), similarly prepared, formed yellow 
crystals, m. p. 239° (Found: C, 77-6; H, 6-05; N, 12-9. C,,H,,ON, requires C, 77-7; H, 5-6; N, 
12-9%). A solution of this compound in methyl iodide when set aside at room temperature deposited 
the methiodide (X) as yellow crystals, m. p. 210—211°, unchanged in m. p. by recrystallisation from 
methanol from which however it separated as a monomethanolate (Found: C, 59-8; H, 5-0; N, 9-4, 
C,,H,,ON,1,CH,O requires C, 59-4; H, 5-15; N, 9-2%). 

Oxidation Products.—(1) Imino-derivatives. (a) 3-Imino-2-hydroxy-2-phenyl-1-ethylindoline (XI; 
R= Et). A solution of the pure freshly distilled 3-amino-indole (II; R = Et) jn ether was exposed 
to the air with occasional stirring. The solution became green, and yellow crystals of the above 
3-imino-compound separated; these, when collected and twice recrystallised from ether, had m. p. 132° 
(Found : C, 76-6; H, 6-8; N, 11-6. C,.H,,ON, requires C, 76-2; H, 6-4; N, 11-1%). 

This oxidation proceeds so readily in ethereal solution that this solvent cannot be effectively used for 


extraction of the 3-amino-indole. For example, a solution of the hydrochloride (3 g.) of the 3-amino- 
indole was dissolved in ice-water, made alkaline with ———- sodium hydroxide, and immediately 


extracted with ether. The solution was dried (Na,SO,), filtered, evaporated to ca. 3 c.c., and cooled. 
The yellow 3-imino-compound (XI; R= Et) (0-7 g.) readily crystallised from the green ethereal 
solution and when recrystallised as above had m. p. 131-5—132° (mixed and unmixed). 

When dry hydrogen chloride was passed into a chilled ethereal solution of the 3-imino-compound, 
the orange-red hydrochloride (XII-A—B; R = Et) separated, and when recrystallised from ethanol- 
ether had m. p. 160° (Found: C, 66-7; H, 6-0; N, 9-5. C,,H,,ON,,HCl requires C, 66-8; H, 5-9; 
N, 9-7%). 

(b) 3-Imino-2-hydroxy-1 : 2-diphenylindole (XI; R= Ph). An ethereal solution of the 3-amino- 
indole (II; R = Ph) when exposed to air at room temperature with stirring also became green, and 
deposited yellow crystals of the 3-imino-compound (XI; R= Ph), m. p. 142—142-5° after 
3 recrystallisations from light petroleum (b. p. 100—120°) (Found : C, 80-4; H, 5-8; N, 9-6. C,,H,,ON, 
requires C, 80-0; H, 5-4; N, 93%). This compound also arose in other oxidations (see below), but 
the above conditions ensured freedom from the white 3-oximino-product. 

The hydrochloride (XII-A—B; R = Ph), prepared similarly to that above, separated as a red 
precipitate which after crystallisation from ethanol-ether formed a monohydrate, m. p. 139—140° (Found : 
C, 67-8; H, 5-5; N, 8-1. C,.9H,,ON,,HCI,H,O requires C, 67-7; H, 5-4; N, 7-9%). 

(2) 3-Oximino-2-hydroxy-1 : 2-diphenylindole (XIII). This compound could be obtained under 
various conditions : it is probable that a varying mixture of the 3-imino- and the 3-oximino-compounds 
was always obtained, and the product isolated depended on the method employed. (a) A solution of 
the freshly distilled 3-amino-indole (0-8 g.) in acetone (16 c.c.) was heated under reflux for 4 hours. 
The yellow solution slowly became green. It was then considerably concentrated by evaporation, and 
cooled, whereupon white crystals of the 3-oximino-compound (XIII) separated; these when 
recrystallised from acetone had m. p. 209-5—210°, resolidifying at a higher temperature and then melting 
again at 280—281° [Found: C, 76-1; H, 5-3; N, 8-8%; M, (ebullioscopic in 0-72% acetone solution) 
340, (in 0-725% ethanol solution) 280. Low solubility precluded accurate results. C,H,,0,N, 
requires C, 75-9; H, 5-1; N, 8-9%; M, 316]. When this preparation was repeated using diethyl ketone 
as a solvent, the same product in smaller yield was obtained. This compound is less soluble in most 
solvents than the yellow 3-imino-compound, and the latter is therefore difficult to purify if heavily 
contaminated by the former. 

(b) A solution of the 3-amino-indole (1-16 g.) in moist ether (30 c.c.) was heated under reflux for 
24 hours, during which a fine stream of air was sucked by means of a capillary through the solution, 
more ether being occasionally added to maintain the volume. Yellow crystals began to separate from 
the deep-green solution after 5 hours. The crystals collected from the cold product were a mixture of 
the 3-imino- and the 3-oximino-compounds. Extraction with boiling light petroleum (b. p. 100—120°) 
left a residue of the 3-oximino-compound which after 2 recrystallisations from ethanol had m. p. as 
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above (Found: C, 75-6; H, 5-3; N, 88%). The light petroleum extract gave the yellow 3-imino- 
compound, which, purified as above, had m. p. 142° (Found: N, 9-2%). A similar experiment in 
benzene solution also gave these two products. 

Conversion of the 3-Oximino-compound (XIII) into the Compound C,.H,,ON,.—(a) The pure oximino- 
compound was heated in a metal-bath at 250—290° for 10 minutes. It rapidly solidified on cooling, 
and after recrystallisation from acetone gave colourless crystals, m. p. 280—281° [Found: C, 80-5; 
H, 5-1; N, 9-2%; M, (ebullioscopic in 0-53% acetone solution) 280, (in 133% solution) 310, (in 1-10% 
acetonitrile solution) 250. Cy H,,ON, requires C, 80-5; H, 4-7; N, 94%; M, 298). 

(6) When a solution of the oximino-compound in ethanolic hydrogen chloride was heated under 
reflux for 4 hours, cooled, poured into water, and neutralised, the same compound was isolated, with 
m. p. 281° after recrystallisation. 

(c) When a suspension of the oximino-compound in 15% aqueous sodium hydroxide was similarly 
treated, the same compound, m. p. 280—281°, was ultimately obtained. 

(d) When a solution of the oximino-compound in ethanolic potassium hydroxide was heated under 
reflux for 5 hours, cooled, poured into water, and acidified, N-phenylanthranilic acid was precipitated ; 
after recrystallisation this had m. p. 180—182°, alone and when mixed with an authentic specimen. 

The compound C,,H,,ON,, i.e., the presumed quinazolone (XV), can be recrystallised from methanol, 
ethanol and acetone; it is slightly soluble in dilute hydrochloric or sulphuric acid, forming pale yellow 
solutions, from which it is reprecipitated unchanged on neutralisation. A solution in cold methyl 
iodide when set aside became steadily more yellow: one minute’s warming under reflux caused the 
solution to become turbid. The pale yellow crystals (m. p. 255—259°) of the methiodide which 
separated, when recrystallised from methanol, were unchanged in appearance, but when recrystallised 
from ethanol formed orange crystals of the monoethanolate, which after heating at 60°/0-4 mm. for 
6 hours had m. p. 260—263° after softening at 255° (Found: C, 56-6, 56-6; H, 5-1, 4-8; N, 6-0, 6-1. 
C,,H,;ON,1,C,H,O requires C, 56-8; H, 4:8; N, 5-8%). 


We gratefully acknowledge the assistance which one of us (H.-H.) has received from the British 
Council and the Wellcome Trust. 
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615. 1: 2-Disubstituted 3-Aminoindoles. Part II. The Preparation 
of Indolo(3' : 2'-3 : 4)isoquinolines and of a New Type of Cyanine Dye 
derived therefrom. 


By HuanG-HsInMIN and FREDERICK G. MANN. 


The cyclisation of 3-acetamido-2-phenylindole and of 3-acetamido-2-phenyl-l-alkyl(or 
aryl)indoles to the 1l-substituted and 1: 1’-disubstituted indolo(3’ : 2’-3 : 4)zsoquinolines 
respectively is described. The methiodide of 1’-phenyl-1-methylindolo(3’ : 2’-3 : 4)isoquinoline 
readily condenses with 1 : 2-disubstituted 3-nitrosoindoles, with p-nitrosodimethylaniline, and 
with p-dimethylaminobenzaldehyde, to give cyanine dyes of a new type. These cyanine dyes 
exist as a resonance hybrid of three canonical forms, since each of the three nitrogen atoms in 
the molecule can carry the formal positive charge. 


THE ready preparation of 3-acylamino-2-phenyl-l-alkyl(or aryl)indoles (I), described in the 
previous paper, has enabled us to investigate the cyclisation, of such compounds to the corre- 
sponding 1’-R-1-R’-indolo(3’ : 2’-3 : 4)isoquinolines (II). It appeared probable that this 
cyclisation would occur more readily in compounds of type (I) than in corresponding compounds 
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in which position 1 was unsubstituted, i.e.,in which R = H. Experiment has shown this to be 
true. Robinson and Thornley (j., 1926, 3144) failed to cyclise 3-benzamido-2-phenylindole 
(I; R=H, R’ = Ph) by heating it in ethereal solution with phosphorus trichloride for 15 
minutes. We have, however, cyclised 3-acetamido-2-phenylindole (I; R= H, R’ = Me) to 
1-methylindolo(3’ : 2’-3 : 4)isoguinoline (II; R= H, R’ = Me) by heating it in boiling 
nitrobenzene with phosphoric anhydride for 2 hours, but the yield was low. 

On the other hand, when 3-acetamido-1 : 2-diphenylindole (I; R= Ph, R’ = Me) was 
heated in xylene solution with phosphoric anhydride, cyclisation readily occurred with the 
formation of 1’-phenyl-1-methylindolo(3’ : 2’-3 : 4)isoquinoline (Il; R = Ph, R’ = Me) in 48% 
yield. This compound forms colourless crystals which give an ethanolic solution having a violet 
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fluorescence. Its hydrochloride, picrate, and methiodide (III; R = Ph, R’ = Me) were readily 
obtained. The hydrochloride was also prepared directly by the cyclisation of 3-acetamido-1 : 2- 
diphenylindole (I; R = Ph, R’ = Me) using phosphorus oxychloride instead of phosphoric 
anhydride. It is noteworthy that the hydrochloride and the methiodide (III) are yellow com- 
pounds : this yellow colour is presumably due to the fact that such salts will exist as a resonance 
hybrid of the canonical form corresponding to (III) and that in which the 1’-N atom carries the 
positive charge. The hydrochloride of 1’ : 1-diphenylindolo(3’ : 2’-3: 4)isoguinoline (II; R= 
R’ = Ph) was similarly obtained by the action of phosphorus oxychloride on the benz- 
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We have investigated in some detail the above methiodide, i.e., 1’-phenyl-1 : 2-dimethyl- 
(3’ : 2’-3 : 4)isoquinolinium iodide (III; R = Ph, R’ = Me), because we expected the 1-methyl 
group in this compound to have a reactivity similar to that, for example, of the 2-methyl group 
of quinaldine methiodide, and condensation with suitable compounds should therefore give rise 
to a new type of cyanine dye. This has proved to be the case. The methiodide (III), when 
boiled in ethanol with 3-nitroso-2-phenyl-1-ethylindole and a trace of piperidine, readily condensed 
to give [1’-phenyl-2-methylindolo(3’ : 2’-3 : 4)-1-isoquinoline][2’’-phenyl-1’’-ethvl-3’’-indole}-B8-azadi- 
methincyanine iodide (I[Va—c; R = Et) as deep-red crystals. 

Cyanine dyes of this novel type exhibit one unusual structural feature. Most cyanine dyes 
possess two heterocyclic nitrogen atoms, each of which can accept the positive charge of the 
cation, and hence the dye exists as a resonance hybrid of the two canonical forms. Our new 
cyanine dyes exist however as a hybrid of three canonical forms: there are the usual two forms 
(IVa) and (IVb), having the positive charge on the nitrogen atom of different heterocyclic systems, 
in which the alternation of double and single bonds in the methin chain is necessarily reversed ; 
and in addition there is the third form (IVc), in which the indolo-nitrogen atom of the 
indoloisoquinoline system carries the positive charge. 

It is noteworthy that, when the original methiodide (III) was similarly condensed with 
3-nitroso-1 : 2-diphenylindole, [1’-phenyl-2-methylindolo(3’ : 2’-3 : 4)-1-isoquinoline][1”’ : 2’’-di- 
phenyl-3’’-indole}-B-azadimethincyanine iodide (IVa—c; R = Ph) was obtained as red crystals, 
but loss of methyl iodide also occurred with the formation of the greenish-yellow crystalline 
B-azadimethin-1-[1’-phenylindolo(3’ : 2’-3 : 4)isoquinoline}-3’’-[1” : 2’’-diphenylindole] (V; R= 
Ph). This loss of methyl iodide must have occurred after the cyanine-dye formation, because 
quaternary salt formation is known to be necessary in order to activate the methyl group in 
compounds of the same general type as 1’-phenyl-l-methylindolo(3’ : 2’-3 : 4)isoquinoline (II; 
R = Ph, R’ = Me) for cyanine-dye formation, and experiment showed that this base would 
not condense with the nitroso-indole under precisely those conditions which readily led to 
condensation of the methiodide. 

It is clear that our work on this new type of cyanine dye could be considerably extended. 
For example, the methiodide (III) also readily condensed with p-nitrosodimethylaniline to 
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give [1’-phenyl-2-methylindolo(3’ : 2’-3 : 4)-1-isoquinoline)[p-dimethylaminobenzene]-8-azadimethin- 
cyanine iodide (VI) as red crystals, but again a portion of this salt lost methyl iodide to 
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give B-azadimethin-1-(1’-phenylindolo(3’ : 2’-3 : 4)isoquinoline]{p-dimethylaminobenzene] as green 
crystals. On the other hand, the methiodide condensed with p-dimethylaminobenzaldehyde 
to give [l’-phenyl-2-methylindolo(3’ : 2’-3 : 4)-1-isoquinoline][p-dimethylaminobenzene]|dimethin- 
cyanine iodide (VII) as deep-red crystals, and in this case no indication of subsequent loss of 
methyl iodide was obtained. Both the cyanine dyes (VI and VII) can exist as resonance 
hybrids of three canonical forms similar in type to (IVa, b, and c). 

Further examples of cyanine dyes obtained from the methiodide are now being investigated. 


EXPERIMENTAL, 


3-Acetamido-2-phenylindole (I; R = H, R’ = Me).—3-Oximino-2-phenylindole was obtained by the 
nitrosation of 2-phenylindole (cf. Fischer, Annalen, 1886, 236, 116; Ber., 1888, 21, 1073; Angeli and 
Angelico, Gazzetta, 1900, ii, 80, 268; Campbell and Cooper, J» 1935, 1208). A suspension of ‘the oximino- 
indole (1-4 g.) in acetic anhydride (25 c.c.) containing Adams’s platinum catalyst (0-02 g.) was hydrogenated 
at room temperature and pressure. In 4 hours hydrogen (570 c.c.) had been absorbed and a clear 
solution obtained. This was added to much cold water, and, after hydrolysis of the anhydride, the 
precipitated 3-acetamido-2-phenylindole was collected, dried, ‘and recrystallised from benzene; the 
colourless crystals (0-91 g.) had m. p. 202—203° (Found : C, 76-3; H, 5-4; N, 11-4. C,H,,ON, requires 
C, 76-8; H, 5-6; N, 11-2%). This material, when recrystallised from dilute acetic acid, had m. p. 
203-5—204- 5°, but when recrystallised from ethanol gave crystals of m. p. 189—190° and of unchanged 
composition (Found : C, 76-8; H, 5-9; N, 11-8%). Crystallisation from benzene regenerated material 
of m. p. 202—203°, changed to 189—190° when crystallised once more from ethanol; these m. p.s appear 
characteristic of this compound when it separates from these two solvents. 

1-Methylindolo(3’ : 2’-3 : 4)isoguinoline (II; R = H, R’ = Me).—A solution of the above acetamido- 
indole (1-5 g.) in nitrobenzene (10 c.c.) was heated under reflux with phosphoric anhydride (4 g.) for 2 hours 
with occasional vigorous shaking. After the nitrobenzene had been removed by steam-distillation, the 
residual solution was treated with an excess of sodium carbonate and extracted with ether. The extract, 
when dried, filtered, and evaporated, gave a solid residue (0-25 g.) which when crystallised from ethanol, 
then sublimed under reduced pressure, and finally again recrystallised, afforded the pure base (II; R = H, 
R’ = Me) as colourless crystals, m. p. 244—245° (Found: C, 82-2; H, 5-6; N, 12-1. C,,H,,N, requires 
C, 82-7; H, 5-2; N,12-1%). Its ethanolic solution possessed a violet fluorescence. 

When a methanolic solution of this base containing an excess of methyl iodide was heated under 
reflux for 2 hours and then cooled, large yellow needles of 1 : 2-dimethylindolo(3’ : 2’-3 : 4)isoquinolinium 
iodide (III; R =H, R’ = Me) readily separated on cooling. On recrystallisation from methanol, a 
ae E was apparently formed ; it decomposed above 320° (Found: C, 51-9; H, 4-7; N, 7:45. 
Cirtty N,I,H,O requires C, 52-1; H, 4-35; N, 7:15%). 

“Phenyl-1 1-methylindolo(3’ : 2/-3: 4)isoquinoline (II; R= Ph, R’ = Me).—Phosphoric anhydride 
{20 “, was added to a solution of 3-acetamido-1 : 2-diphenylindole (I; R = Ph, R’ = Me) (6 g.) in 
boiling dry xylene (70 c.c.), and the mixture heated under reflux for 1 hour with occasional vigorous 
shaking. The boiling xylene was decanted and the dark gummy residue extracted twice with hot 
xylene (50 c.c. x 2) and then, when cool, thrice with ether (40 c.c. x 3). (The xylene solution and the 
washings when evaporated gave a negligible residue.) The main residue was then thoroughly stirred 
with dilute ammonia; the insoluble gum when stirred with ethanol (10 c.c.) crystallised and, after being 
washed in turn with ethanol (5 c.c.) and water (50 c.c.), gave the above base (II; R = Ph, R’ = Me), 
m. p. 191—192° (2-7 g., 48%). Recrystallisation from ethanol furnished colourless crystals, m. p. 192— 
193°, which after sublimation at 0-4 mm. pressure had m. p. 193-5° (Found: C, 85-6; H, 5-3; N, 9-4. 
C,,.H,,N, requires C, 85-7; H, 5-35; N, 9:1%). 

Solutions of this base in ethanol, ether, acetone, and other organic solvents showed a beautiful violet 
fluorescence. The base is insoluble in aqueous caustic alkali solution, slightly soluble in dilute hydro- 
chloric or sulphuric acid, and freely soluble in acetic acid; its solutions in all acids were pale yellow. 

The following derivatives of this base were prepared. 

Hydrochloride. (a) When hydrogen chloride was passed into an ethanolic solution of the base, the 
pale yellow crystalline hydrochloride was precipitated, m. p. 270—273°, unchanged by admixture with 
the sample prepared below. 

(6b) A mixture of the 3-acetamido-indole (0-44 g.), xylene (10 c.c.), and phosphorus oxychloride 
(7 c.c.) was heated under reflux for 3-5 hours. Distillation of the solvent under reduced pressure gave a 
yellowish-brown residue (0-57 g.) which was digested with 10% hydrochloric acid (30 c.c.) for 10 minutes. 
The filtered extract on cooling deposited the crystalline hydrochloride, which on recrystallisation from 
acetone and then ethanol gave beautiful yellow crystals, m. p. 268—273° (Found: C, 75-5; H, 5-1; N, 
8-35. Cg3H,,.N,,HCl requires C, 76-5; H, 5-0; N, on Low values for carbon were obtained with a 
number of such salts). ethod (a) gives the purer product 

Prepared in cold concentrated ethanolic solution, the picrate separated as bright yellow crystals, m. p. 

.) (Found: C, 61-5; H, 3-7; N, 12°8. C,,H,,N;,C,H,;O,N; requires C, 62-7; H, 3-6; 


and the ie fe =p of phenol: 2-dimethylindolo(3’ : 2’-3 : cf Peene ane iodide (III; R= Ph, 
R’ = Me) which had separated were then collected and recrystallised from methanol. They had m. p. 
238—239° (Found : C, 61-4; H, 4-45; N, 6-0. C,;H, )N,I requires C, 61-35; H, 4-25; N, 6-2%). 

The base (II; R = Ph, R’ = Me), unlike its methiodide (see below), would not react with 3-nitroso- 
1 : 2-diphenylindole or with p-nitrosodimethylaniline in boiling ethanolic solution containing a trace of 
piperidine. 

Hydrochloride of 1: 1’-Di (asa Se (3’ : 2’-3 : 4)isoguinoline (II, R = R’ = Ph).—This was prepared 
essentially as the above hydrochloride, a mixture of 3-benzamido-1 : 2-diphenylindole and phosphorus 
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oxychloride (without xylene) being boiled for 2 hours. Digestion of the residue with hot 5% hydrochloric 
acid then gave the almost insoluble hydrochloride, which after recrystallisation from acetone formed 
colourless leaflets, m. p. 310—311° (Found: C, 78-4; H, 4-8. C,,H,,N,,HCl requires C, 79-4; H, 4-7%), 

(1’-Phenyl-2-methylindolo(3’ : 2’-3 : 4)-1- -isoquinoline](2” - phenyl-1"- -ethyl- 3”’- indole] - B- azadimethin. 
cyanine Iodide (I[Va—c; R = Et).—A solution of the methiodide (III; R = Ph, R’ = Me) (0-450 g.) and 
pure 3-nitroso-2-phenyl-l-ethylindole (0-25 g.) in boiling methanol (10 c.c.) containing a few drops of 
piperidine was heated under reflux for 20 hours. A deep-red colour appeared after 20 minutes’ heating 
and masked the green colour of the nitroso-indole. The solvent was removed under reduced pressure, and 
the powdered residue extracted with dry ether (Soxhlet) for 6 hours. The residual red gum was dissolved 
in methanol (5 c.c.). The solution when carefully diluted with ether (30 c.c.) deposited the cyanine 
iodide as red crystals, m. p. 171—175° (decomp.) unaffected by recrystallisation from ethanol-ethyl 
acetate or from ethanol-ether; before analysis it was dried at 80°/0-4 mm. (Found: C, 68-9; H, 4-75; 
7-85. CsgH ,N,I requires C, 68-6; H, 4-6; N, 8-2%). 

[1’-Phenyl-2-methylindolo(3’ : 2’-3+ 4)-1- -isoquinoline](1” : eae eae B-azadimethincyanine 
Iodide (I[Va—c; R = Ph).—A solution of the methiodide (III; R = Ph, = Me) (0-44 g.) and 
3-nitroso-1 : 2-diphenylindole (0-292 g., 1 mol.) in ethanol (15 c.c.) containing a anes of piperidine, when 
boiled under reflux for 5 hours, developed a deep red colour and when then cooled deposited permanganate- 
coloured crystals (0-035 g.). These when collected and recrystallised from ethanol gave greenish-yellow 
crystals of B-azadimethin-1-(1’-phenylindolo(3’ : 2’-3 : 4)isoguinoline)-3”-[1”’ : 2’’-diphenylindole] (V; R = 
Ph), m. p. 315—317° (Found: N, 9-5. C,H,,N, requires N, 9-5%). 

The original mother-liquor, when concentrated to ca. 5 c.c. and cooled, gave the above iodide, which 
after recrystallisation from methanol had m. p. 270—271° (decomp.) after softening at 180° (Found: 
C, 70-35; H, 4-5; N, 7-9. C,s3H3,N,I requires C, 70-6; H, 4-3; N, 7-7%). 

When equimolecular quantities of the base (II; R = Ph, R’= Me) and the nitroso-indole were 
heated under reflux in methyl iodide solution, a mixture of products difficult to separate satisfactorily 
was obtained. 

[1’-Phenyl-2-methylindolo(3’ : 2’-3 : 4) - 1-isoguinoline][p - dimethylaminobenzene]-B - azadimethincyanine 
Iodide (V1).—A solution of the methiodide (III; R = Ph, R’ = Me) (0-350 g.) and p-nitrosodimethyl- 
aniline (0-130 g., 1-1 mols.) in ethanol (10 c.c.) containing a trace of piperidine was heated under reflux 
for 10 hours and then thoroughly cooled. The deep-green crystals (0-115 g.) which separated consisted 
of the above cyanine iodide and the iodide-free by-product. They were collected, mixed with acetone 
(5 c.c.), boiled for a few minutes, and cooled. The acetone extract, which contained the cyanine iodide, 
was filtered off, and the insoluble residue, when recrystallised from ethanol (15 c.c.), furnished green 
crystals of B-azadimethin-1-[1’-phenylindolo(3’ : 2’-3 : eet se, alae, COULM, temniecs m. p. 
218—220° after drying at 80°/0-4 mm. (Found: C, 81-5; 5-9; N, 12-5. CygH,,N, requires C, 81-8; 
H, 5-5; N, 12-7%). 

The original ethanolic mother-liquor, when concentrated to ca. 5 c.c., gave a dark gum. When 
this was vigorously stirred with a small quantity of acetone, the cyanine iodide was extracted and 
a second crop (0-01 g.) of the above by-product remained undissolved. The two filtered acetone extracts 
were united and evaporated to dryness, and the residue stirred with ether. The residual red crystalline 
cyanine iodide was collected and recrystallised from ethanol. It formed a monoethanolate, which was 
unaffected by heating at 60°/0-4 mm. for 2 hours and than had m. p. 197° (decomp.) (Found: C, 63-1; 
H, 5-3; N, 9-2. C,,H,,N,I,C,H,O requires C, 63-1; H, 5-3; N, 8-9%). 

[1’-Phenyl - 2-methylindolo(3’ : 2’-3 : 4)- 1-isoquinoline][p-dimethylaminobenzene]dimethincyanine Iodide 
(VII).—This was prepared as the compound (VI), from the methiodide (0-51 g.), p-dimethylamino- 
benzaldehyde (0-27 g., 1-5 mols.), and ethanol (20 c.c.) with heating for 33 hours, during which the colour 
changed from orange to red. The solution, when concentrated in a vacuum to small bulk, deposited 
deep-red crystals of the cyanine iodide, which when twice recrystallised from methanol separated as the 

- dimethanolate, which was unaffected by being heated at 80°/0-4 mm. for 6 hours and then had m. p. 183° 
(decomp.) after softening at 172° (Found: C, 62-8; H, 5-6; N, 6-9. C,,H,,N;I,2CH,O requires C, 63-2; 
H, 5-6; N, 65%). The tenacious retention of alcohol of crystallisation by certain of the above cyanine 
dyes is of course frequently shown by other types of cyanine dye. 


We gratefully acknowledge the assistance which one of us (H.-H.) has received from the British 
Council and the Wellcome Trust. 
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616. The Constitution of Complex Metallic Salis. Part XIV. The 
Action of Trialkyl-phosphines and -arsines on the Tetrahalides of Tin 
and Uranium. 


By Joun A. C. ALLISON and FREDERICK G. MANN. 


Trialkyl-phosphines and -arsines combine with stannic chloride and bromide to give 
covalent compounds of type [(R,P),SnCl,] and [(R,P),SnBr,]: the corresponding tetra- 
iodo-analogues could not be isolated as stable compounds. The structure of “‘ bridged ’”’ 
derivatives of composition [(R,P),SnCl,,HgCl,] and [(R,P),PdCl,,SnCl,] which have been 
isolated is discussed. 

Trialkylphosphines combine with uranium tetrachloride and tetrabromide to give similar 
covalent derivatives [(R,P),UCI,] and [(R,P),UBr,], but no indication of the formation of 
analogous trialkylarsine derivatives was obtained. The salt, tris-2: 2’-dipyridyluranium 
hexathiocyanate, [dpy,U](SCN)., is described. 


Tue structure and properties of the covalent compounds which the tertiary aliphatic 
phosphines and arsines form with the halides (and other salts) of several heavy metals have 
already been investigated (cf. Mann ef al., J., 1935, 1549; 1936, 873, 1503; 1937, 1828; 1938, 
702, 1949, 2086; 1939, 1622; 1940, 1209, 1230, 1235). The main types into which these 
compounds fall can be briefly summarised. Of the univalent metals, cuprous and argentous 
bromide and iodide combine with the phosphines and arsines to give four-fold molecules of 


[(R,P)Cul], [R,P->AuCl] [(RP),PdCl,] [((R3P),HgCl,] 
(I.) (II.) (IIIa.) (IIIb.) 


R,P cl 1 R,P 1 cl cl 
* Spa Spa ON eS eS He 
, e g g J g 
c“ \c’ pr cY *c’ ~Xc’ — *pr, 
(IV.) (V.) 


((RsP)3(CdBr,) 4] [R,P--AuBr,]. 
(VI.) (VII.) 


type (I), the highly symmetrical structure of which has been fully elucidated by X-ray analysis. 
Aurous halides, however, give simple linear molecules of type (II). 

Of the bivalent metals, palladous halides give simple compounds of type (IIIa), in which 
the molecule is planar, and the phosphine (or arsine) molecules are almost certainly in the 
tvans-positions to one another. Cadmium and mercuric halides give derivatives similar in 
type (IIIb), but since the central metallic atom has the tetrahedral configuration, no question 
of geometric isomerism arises. 

When, however, these palladium compounds of type (IIIa) are treated with a second 
equivalent of palladous halide, the ‘‘ bridged’ compounds of formula [(R,P),(PdCl,),] and 
of type (IV) are readily obtained : these compounds exist in only one crystalline form, which 
has the structure shown in (IV), #.e., the planar molecule has a centre of symmetry with the 
phosphine (or arsine) units therefore in the tvans-positions to one another. Cadmium and 
mercuric halides give similar “‘ bridged ’’ compounds [(R,P),(HgCl,).] of type (IV) which also 
have a centre of symmetry; since, however, the metals have the tetrahedral configuration, 
it follows that if the central bridged HgCl,Hg ring is in the plane of the paper, one phosphine 
(or arsine) unit must be above, and the other below, this plane. Cadmium and mercury differ 
from palladium, however, in that they allow this process of bridging to be continued by the 
insertion of further metallic halide units, and crystalline compounds of type [(R,P).(HgBr,) 3] 
(V) and of type [(R,P),(HgBr,),] are known. The tetrahedral configuration now entails the 
disappearance of the centre of symmetry in the tri-mercuric compound (V) and its reappearance 
in the tetra-mercuric derivative. Cadmium and mercury differ also from palladium in forming 
well-defined derivatives of type [(R,P),(HglI,).] (VI), the structure of which is unknown. 

Of the tervalent metals, auric halides form highly crystalline derivatives of type (VII). 
A large number of these compounds containing mixed halogen groups have been prepared 
(Mann and Purdie, J., 1940, 1235), and the auric atom has been shown to have the 
configuration (Perutz and Weiss, J., 1946, 438). eaitans 

The great majority of these compounds, by virtue of their covalent character, have sharp 
m. p.s and are soluble in various organic solvents, in which their molecular weights can be 
determined, and from which they can frequently be recrystallised. The comparative stability 
of the phosphine and arsine derivatives varies considerably with the type of compound: for 
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example, the phosphine members of type (II) and (IIIa) can often be distilled unchanged in a 
vacuum, whereas the arsine analogues decompose under these conditions; on the other hand, 
the arsine derivatives of type (I) are notably more stable than the phosphine members. 

In view of these properties, it was of interest to extend this work to metals which give 
well-defined 4-covalent tetrahalides : our main work has been performed on the stannic halides, 
and then extended to the uranium tetrahalides. It was of particular interest to determine 
whether the latter metal would give covalent phosphine or arsine derivatives which might be 
soluble in organic solvents and even volatile without decomposition. 

We found that the trialkylphosphines in alcoholic solution readily combined with stannic 
chloride to give the crystalline tetrachlorobis(trialkylphosphine)tin (VIII) and with stannic 
bromide to give the analogous bromo-compound (IX). The corresponding tetraiodo-compounds 


[(R,P),SnCl,] ((RP),SnBr,] (R,PH),[SnCl,] (R,PH),[SnBr,] [(R,As)SnCl,] 
(VIII.) (IX.) (X.) (XI) (XII.) 


were too unstable for satisfactory isolation. If, however, the trialkylphosphines were added 
to stannic chloride dissolved in hydrochloric acid, the crystalline salt, bis(trialkylphosphonium) 
chlorostannate (X), was obtained, and the analogous bromostannate (XI) was similarly prepared. 
The formation of covalent compounds of type (VIII) was not limited to phosphines, for the 
similar use of trialkylarsines furnished the crystalline tetrachlorobis(trialkylarsine)tin (XII). 

The compounds prepared are shown in the following table, in which Pr represents 
the n-propyl group. 


Type. Compound. M.p. Type. Compound. M. p. Type. Compound. M. p. 
(VIII) [(Et,P),SnCl,] 145—150° (X) (Et,PH),[SnCl,] 232—234° (XII) [(Et,As),SnCl,] 155—159° 
[(PrsP),SnCl,] 157—159 (Pr3;PH),{SnCl,] 203—205 [(EtsAs),SnBr,] 126—132 
(IX) [(Et,P),SnBr,] 170—171 (XI) (Et,;PH),[SnBr,] 186—188 
[(Pr,P),SnBr,} 103—106 (Prz;PH),(SnBr,] 156—160 


The iodo-compounds corresponding to (VIII) and (IX) underwent such rapid decomposition 
when they were removed from the mother-liquor that they were not further investigated. 

The above chloro- and bromo-compounds present a number of points of interest which will 
be discussed under separate headings. 

Stability—In the above series of compounds, the chloro-derivatives were uniformly more 
stable than the corresponding bromo-derivatives. Even so, the covalently bound phosphine 
molecules in compounds of type (VIII) could be detached from the tin atoms to form the 
phosphonium ions in compounds of type (X), whilst in the bromo-derivatives (IX) and (XI) 
the conversion could be induced in either direction. For example, if hydrogen chloride was 
passed into a cold alcoholic suspension of the compound [(Pr;P),SnCl,], a clear solution was 
soon obtained, and addition of ether then precipitated the salt (Pr;,PH),[SnCl,]: the reverse 
process however was not achieved. Similarly the compound [(Pr,P),SnBr,], when warmed 
with hydrobromic acid containing a small proportion of alcohol, was converted into the salt 
(Pr,PH),[SnBr,], but the latter in turn when boiled in alcoholic solution readily lost hydrogen 
bromide and deposited the original covalent compound [(Pr,P),SnBr,]. 

All these stannic compounds underwent decomposition in boiling aqueous alcohol. 

Configuration.—It will be obvious that covalent compounds of type (VIII), (IX), and (XII) 
could all theoretically exist as two distinct geometric isomerides : for example, a compound of 


3P 
Cl Cl 
/ Sn f 
cl . a 
R,P 
(VIIIa.) (VIBIb.) 


type (VIII) could exist in the cis(or 1 : 2)-bisphosphine form (VIIIa) and in the trans(or 1 : 6)- 
bisphosphine form (VIIIb). All the compounds of the above three types that we have prepared 
have, however, been well-defined crystalline compounds which were apparently homogeneous, 
and no indication of the existence of geometric isomerism could be obtained. It would appear 
therefore that one isomeride has a considerably greater stability than the other, and it is 
probable that the more stable form is the form with the greater symmetry, i.e., the trans- 
form (VIIIdb). Evidence on this point (which is at present lacking) could be obtained either 
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by an X-ray investigation of the solid compounds or by a measurement of their dipole moments ; 
the latter is difficult owing to their low solubility in cold non-polar solvents. 

It is clear, however, that cis-compounds of the general type (VITIIa) can exist if the nature 
of the co-ordinating molecule necessitates this configuration. Chatt and Mann (/J., 1939, 
1622) have found that o-phenylenebis(dimethylarsine), C,H,(AsMe,),, has a very strongly 
chelating action on metals, and we find that it readily combines with stannic chloride to give 
tetrachloro-[o-phenylenebis(dimethylarsine)|tin (XIII). Similarly, 2 : 2’-dipyridyl combines with 
stannic chloride to give tetrachloro-(2 : 2’-dipyridyl)tin (XIV), and the tetrabromo- and tetra- 
iodo-analogues of (XIV) have also been prepared. In all these derivatives, the co-ordinating 
group must necessarily occupy the cis(or 1 : 2)-positions about the central tin atom. 

Bridged Compounds.—It has been shown by Mann and Purdie (J., 1936, 873) that alkyl- 
phosphine compounds of type [(R,P),PdCl,] when heated in a vacuum distil unchanged, 
whereas the analogous arsine compounds [(R,As),PdCl,] when similarly treated lose half their 
arsine content with the formation of the bridged derivatives [(R,As),(PdCl,),]. The bridged 
derivatives in both series can be readily obtained, however, by boiling the unbridged compounds 
in alcoholic solution with ammonium palladochloride. We have investigated the application 
of both these methods to the preparation of a bridged tin compound of type (XV), in which 
two 6-covalent octahedra are bridged through two chlorine atoms, but without success. The 
compound [(Pr,P),SnCl,] when heated either at atmospheric pressure or in a vacuum melts 


1 Cl Cl cl 
‘ \ X 
[ cucnsrsog Ysacnsrich | | cxcnarrsoc He | [ curmrisog ae, | 
(XV.) (XVIa.) (XVIb.) 


and at higher temperatures decomposes, but no indication of volatilisation of the unchanged 
compound, or of the formation of a bridged derivative of type (XV) could be obtained. 
Alternatively, the compound [(Pr,P),SnCl,] was heated with one equivalent of stannic chloride 
under a variety of conditions, but the required bridged derivative could not be prepared. 

When, however, the compound [(Pr,P),SnCl,] was boiled with one equivalent of mercuric 
chloride in alcoholic solution, the crystalline tetrachlorobis(tripropylphosphine)-p-dichlorotin- 
mercury, m. p. 206—207°, was readily obtained. This was a stable compound which could be 
recrystallised unchanged from alcohol. The ¢riethyl analogue was similarly prepared. It is 
impossible to say whether these compounds have the structure (XVIa), in which the tin is 
still co-ordinated to both phosphine molecules, or the structure (XVIb), in which both metallic 
atoms share the phosphine molecules. It must be remembered that when a compound 
of type [(R,P),PdCl,] reacts with ammonium palladochloride to give the bridged compound 
[(R,P),(PdCl,).], one phosphine molecule certainly migrates to the second palladium atom, 
since the latter compound has the bridged ¢vans-symmetric structure (IV), and the isomeric 
[(R,P),PdCl,PdCl,] compounds have never been prepared: the same applies to the 
corresponding mercury compounds. Furthermore, the labile nature of phosphine molecules 
when co-ordinated to tin is shown by the fact that the compound [(Pr,P),SnBr,] when boiled 
with mercuric bromide gave the bridged compound [(Pr,P),(HgBr,),]; 4.e., all the phosphine 
has been transferred to the mercury. Similarly, the compounds [(Pr,P),SnCl,] and 
[(Pr,P),SnBr,] when heated in alcoholic solution with potassium palladobromide both gave 
dibromobis(tripropylphosphine)palladium, [(Pr3P),PdBr,], all the phosphine having again been 
transferred to the second metal. In view of these facts it is more probable that our new 
bridged tin-mercury compounds have the structure (XVIb) than (XVIa). In either case 
they represent rare examples of a 6-co-ordination octahedral complex being bridged to a 
4-co-ordination tetrahedral complex. It should be noted that the formation of these bridged 
complexes provides no evidence for the configuration of the parent compounds [(R,P),SnCl,], 
since theoretically either the cis- or the trans-form of the latter could give rise to the bridging 
structure. s 

Although the formation of a tin—-palladium bridged compound by the above methods failed, 
we found that when equimolecular quantities of dichlorobis(tri-n-propylphosphine) palladium 
and stannic chloride were boiled together in carbon tetrachloride solution, combination readily 
occurred to give tetrachlorobis(tripropylphosphine)-u-dichloropalladium-tin as pale yellow crystals 
considerably less soluble than the parent compounds. Here again it is impossible to say 
whether simple union has occurred to give the compound (XVIIa), or whether the phosphine 
molecules have been distributed between the two metals to give the compound (XVIIb). [The 
third possibility, namely, that in addition two of the chlorine atoms have been transferred from 
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the tin to the palladium atoms to give a palladic-stannous compound (XVIIc) can be dismissed, 
because a palladic compound of this type would almost certainly be more deeply coloured), 


Cl cl Cl 
% % ‘ 
[ marracsoct | | cumprpad SsaiRsPIc | [ cxmrrea¢ SacRyPict | 
(XVIIa.) (XVIIb.) (XVIIc.) 


The new compound is therefore an example of a 6-co-ordination octahedral complex bridged 
to a 4-co-ordination planar complex. 

Uranium tetrachloride and tetrabromide differ from their stannic analogues in one important 
respect, namely, that although they form similar covalent complex compounds with aliphatic 
tertiary phosphines, they do not apparently combine with tertiary arsines. We find that 
ura::‘ym tetrachloride combines with triethyl- and tri-n-propyl-phosphines to give the 
corresponding tetrachlorobis(trialkylphosphine)uranium compounds [(R,P),UCI,] as pale yellow 
needles, and uranium tetrabromide gives the analogous tetrabromo-compounds [(R,P),UBr,] as 
darker yellow crystals. The m. p.s of these compounds fall on passing from the ethyl to the 
propyl analogues, and also on passing from the tetrachloro-compounds to their tetrabromo- 
analogues : 

{(Et,P),UCI,], m. p. 253—256° ((Et,P),UBr,], m. p. 230—232° 
{(PrsP),UCl,], ,, 208—210° [(PrsP),UBr,], ,, 182—185° 

These four crystalline uranium compounds appear to be stable indefinitely at room 
temperature. They can be recrystallised rapidly from methyl, ethyl, and n-propyl alcohols, 
but longer boiling with these solvents, or even prolonged contact with the cold solvents, causes 
decomposition with evolution of free phosphine. Al] attempts to volatilise these compounds 
by heating in a vacuum, or to induce them by these means to lose half their phosphine content 
and so form a bridged compound, have failed. 

Attempts to make the tetraiodo-derivatives, ((R,P),UI,], also failed, as in the case of the 
analogous stannic compounds. 

We have obtained no decisive indication of complex formation between uranium tetra- 
‘chloride or tetrabromide and triethyl-, tri-v-propyl-, and tri-n-butyl-arsine. Furthermore, 
o-phenylenebis(dimethylarsine), in spite of its vigorous chelating properties, and ethylenebis- 
(diphenylarsine) appeared also to be inert towards these uranium tetrahalides. 

In view of these results, we have investigated briefly the action of 2: 2’-dipyridyl on 
uranium tetrachloride, but no definite stable product has been isolated. When, however, the 
alcoholic mother-liquor containing these two compounds was treated with potassium thio- 
cyanate, a small yield of the yellow crystalline tris-2 : 2’-dipyridyluranium hexathiocyanate, 
[dpy,U](SCN),, was obtained, presumably owing to atmospheric oxidation. 


EXPERIMENTAL. 


The triethylphosphine used in the following experiments was freshly prepared by thermal 
decomposition of the complex derivative (Et,P,AgI], (cf. Mann and Purdie, J., 1938, 708). 

Phosphine Derivatives of Stannic Halides.—Tetrachlorobis(triethylphosphine)tin’ (VIII; R = Et). 
A solution of stannic chloride (0-5 g.) in alcohol (10 c.c.) was added with cooling and stirring to one of 
triethylphosphine (0-5 g., 2-2 mols.) also in alcohol (10 c.c.). The white crystals of the above compound 
which rapidly separated were collected, washed with a small quantity of alcohol and dried; 
m. p. 145—150° (decomp.) (Found: C, 29-2; H, 6-5. Cy ,H5Cl,P,Sn requires C, 29-0; H, 6-1%). 
This compound is almost insoluble in ether and petrol. It is moderately soluble in cold benzene, 
chloroform, ethyl carbonate, and carbon tetrachloride, but on boiling these solutions a smell of phosphine 
develops and the solution becomes turbid, finally depositing an insoluble white precipitate. In methyl 
and ethyl alcohol and in acetone it is slightly soluble in the cold and readily soluble in the hot solvent : 
hot concentrated solutions rapidly became turbid as above, and recrystallisation was not attempted. 

Bis(triethylphosphonium) chlorostannate (X; R = Et). When triethylphosphine (0-5 g., 2-2 mols.) 
was added to stannic chloride (0-5 g.) dissolved in concentrated hydrochloric acid (1 c.c.) diluted with 
water (1 c.c.),, the colourless, slightly hygroscopic crystals of the above salt rapidly separated. After 
one recrystallisation from alcohol they had m. p. 232—234° (decomp.) (Found: C, 25-7; H, 6-1. 
C,,H,s,Cl,P,Sn requires C, 25-3; H, 5-7%). The solubility of this salt in organic solvents is similar to 
that of the previous compound, except that it is readily soluble in cold methyl alcohol and acetone: it 
can be recrystallised without decomposition from ethyl or n-propyl alcohol. 

When triethylphosphine (0-5 g.) was added to a solution of stannic chloride (2 g.) in alcohol (10 c.c.) 
at room temperature, the above salt crystallised, indicating that partial hydrolysis of the stannic 
chloride had occurred in these circumstances. 

Tetrachlorobis(tri-n-propylphosphine)tin (VIII; R= Pr). Prepared by the addition of stannic 
chloride (0-5 g.) to the phosphine (0-7 g., 2-2 mols.), each dissolved in chilled alcohol (20 c.c.), this 
compound separated as colourless crystals, m. p. 157—159° (Found: C, 36-9; H, 7-3. C,sH,4,Cl,P,Sn 
requires C, 37:2; H, 7:°3%). It is more stable than its ethyl homologue and its solubility in certain 
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solvents is markedly different : for example, it is very soluble in cold chloroform to give a solution which 
is stable when hot; it recrystallises readily from benzene, ethyl carbonate, and acetone, but is sparingly 
soluble in hot petrol and carbon tetrachloride to give a faintly turbid solution, and is almost insoluble 
in boiling methyl and ethyl alcohol, and ether. 

When hydrogen chloride was passed into an alcoholic suspension of this compound, a clear solution 
was readily obtained, and subsequent dilution with ether precipitated the following compound. 

Bis(tri-n-propylphosphonium) chlorostannate (X; R= Pr). Tri-n-propylphosphine (0-7 g.) was added 
to a solution of stannic chloride (0-5 g., 1 mol.) in concentrated hydrochloric acid (1 c.c.) diluted with 
water (1 c.c.). After 4 hour’s shaking, the precipitate of the above salt was collected and twice re- 
crystallised from alcohol; the slightly hygroscopic, colourless crystals had m. p. 203—205° (slight efferv.) 
(Found: C, 32-9; H, 6-7. C,,H,,Cl,P,Sn requires C, 33-05; H, 6-8%). It is readily soluble in cold 
concentrated hydrochloric acid and in methyl alcohol, but can be recrystallised from ethyl, propyl, 
and butyl alcohols: it is insoluble in the other common ‘organic solvents and in water. 

Tetrabromobis (triet. Wg A Cea voce (IX; R = Et). When the phosphine (0-6 g., 2-5 mols.) was 
added to a solution of stannic bromide (1 g.) in chilled alcohol (20 c.c.), this compound separated as 
cream-coloured crystals, m. p. 170—171° (decomp.) (Found: C, 20-75; H, 4-5. C,,H,,BtjP,Sn 
requires C, 21-4; H, 45%). It is readily soluble in cold methyl alcohol, but can be recrystallised from 
ethyl alcohol, benzene, or ethyl carbonate: these recrystallisations have to be performed rapidly and 
with care, however, otherwise the compound may separate as an oil which subsequently solidifies, or 
it may undergo partial dissocation, liberating free phosphine. 

When this compound was warmed with concentrated hydrobromic acid containing ethyl alcohol, 
it was readily converted into the following compound. 

Bis(triethylphosphonium) bromostannate (XI; R = Et). Triethylphosphine (0-6 g., 2-5 mol.) was 
added to a solution of stannic bromide (1 g.) in hydrobromic acid (4 c.c.) of constant b. p. The pale 
yellow crystals of the above salt, when collected, washed with ether, and dried, had m. p. 186—188° 
(Found : C, 17-5; H, 4-0. C,eH,eBr,P,Sn requires C, 17-2; H,3-9%). The salt ‘could be recrystallised 
from hydrobromic acid or from alcohol, but analysis indicated that this process caused progressive 
conversion into the previous compound. 

Tetrabromobis(tri-n-propylphosphine)tin (IX; R = Pr). This compound was prepared by interaction 
of the phosphine (0-8 g., 2-2 mols.) and stannic bromide (1 g.), each dissolved in alcohol (40 c.c.). It 
was very slightly soluble in boiling methyl and ethyl alcohol, ether, carbon tetrachloride, and petrol 
but soluble in hot benzene, chloroform, and ethyl carbonate, but these solvents all gave cloudy solutions 
which deposited a yellow oil or viscous syrup on cooling. The compound was ultimately recrystallised 
from hot benzene containing a small proportion of the free phosphine and obtained as cream-coloured 
crystals, m. p. 103—106° (decomp.) (Found: C, 28-2; H, 5-4. C,,H,,Br,P,Sn requires C, 28-5; 
H, 5-6%). 

Bis (tri-n-propylphosphonium) bromostannate (XI; R=Pr). This compound, prepared as the ethyl 
analogue, formed pale yellow, slightly hygroscopic crystals, m. p. 156—160° (decomp.), and was 
recrystallised from alcoho] before analysis (Found: C, 23-6; H, 4-6. C,,H,,Br,P,Sn requires C, 23-5; 
H, 48%). Each of the above two compounds could be converted into the other by the methods 
described for the corresponding ethyl] analogues. Both the above chlorostannates (X) are very soluble 
in cold pyridine: on boiling the solution a white precipitate separates after one minute and the smell 
of phosphine becomes apparent. The tetrachlorobisphosphinetin compounds (VIII) are moderately 
soluble in cold pyridine, but are similarly decomposed immediately on boiling. All the bromo-com- 
pounds (IX) and (XI) are also decomposed by pyridine but although phosphine is liberated no precipitate 

arates. 

Br is noteworthy that tri-n-propylphosphine gave no similar compounds with lead tetrachloride, the 
latter instead undergoing rapid reduction to lead dichloride. 

Dichlorobis(tri-n-propylphosphine)-p-dichlorodimercury. This compound, prepared for direct com- 
parison with the following compound, was readily obtained by the addition of the phosphine (0-5 g.) 
to a solution of mercuric chloride (0-8 g., 1 mol.) in alcohol (10 c.c.), the mixture being then boiled and 
cooled. The colourless dimercury compound which separated was readily recrystallised from alcohol 
and had m. p. 136—137° (Found: C, 25-1; H, 4-8. C,,H,,Cl,P,Hg, requires C, 25-0; H, 4-9%). 

Tetrachlorobis(tri-n-bropylphosphine) p-dichlorotin-mercury (XVI, a—b). When tetrachlorobis(tri-n- 
propylphosphine)tin (VIII; R ) (1-41 g.) was added to a solution of mercuric chloride (0-66 g., 1 mol.) 
in alcohol (10 c.c.), and the mixture boiled, a clear solution was obtained, which however when stirred 
deposited colourless crystals of the tin-mercury compound whilst still boiling. This compound could be 
recrystallised from methyl, ethyl and propyl alcohols, but separated very slowly from the cold solution ; 
it had m. p. 206—207° (Found: C, 25-3; H, 4-8. C,,H,,Cl,P,HgSn requires C, 25-4; H, 5-0%). This 
compound has a carbon and hydrogen content almost identical with that of the previous compound : 
its identity was confirmed by (a) qualitative tests for mercury and tin, and the facts that (b) a mixture 
with the previous compound had m. p. 195—205°, (c) the rates of crystallisation of the two compounds 
from alcohol were markedly different. 

Dichlorobis(triethylphosphine)-y-dichlorodimercury. This compound, prepared in the usual way, 
recrystallised readily from “pees and had m. p. 163—164° (Found: C,18-4; H,4-0. C,,H,,Cl,P,Hg, 
requires C, 18-5; H, 3-9% 

Tetrachlovobs(cthylphasphine -dichlorotin-mercury (XVI, a-b). Prepared as the propyl analogue 
and ap ee by adding petrol. to its alcoholic solution, this compound had m. p. 210—211° (de- 
comp.) depressed to 198° by admixture with the previous compound (Found: C, 19-3; H, 3-9. 
CHCl, P P.HgSn requires C, 18-8; H, 3-9%). Its identity was further confirmed by tests for the 
presence “of the two metals. 

Dibromobis(tri-n-propylphosphine)palladium. This compound, prepared by the addition of the 
phosphine (0-6 g., 2-2 mols.) to a solution of potassium palladobromide (0-8 g.) in aqueous alcohol 
(20 c.c.) and subsequently recrystallised from methyl alcohol, formed orange-yellow needles, m. p. 
87—88° (Found : C, 36-5; H, 7-3. C,,H,,Br,P,Pd requires C, 36-8; H, 7-2%). 
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When a mixture of ee (0-6 g.), potassium palladobromide 
(0-5 g., 1 mol.), and alcohol (100 c.c.) was boiled under reflux until a clear solution was obtained, and 
then cooled and evaporated in a desiccator, yellow crystals separated, leaving ultimately a white 
residue. The yellow crystals, picked out by hand, had m. p. 86-5—87-5°, alone and mixed with the 
previous compound. The reaction is therefore of the type: 
[(PrsP),SnCl,] + K,PdBr, = [(Pr,P),PdBr,] + K,{SnCl,Br,] 

The same palladium compound was obtained when the tetrabromo-tin compound was employed in 
place of the tetrachloro-compound. 

Tetrachlorobis(tri-n-propylphosphine)-y-dichloropalladium-tin (XVII, a-b). Filtered solutions of di- 
chlorobis(tripropylphosphine)palladium (0-99 g.) and stannic chloride (0-5 g., 1 mol.), each in carbon 
tetrachloride (10 c.c.), were mixed and boiled under reflux for 4 hours. A red oil separated after 
1 hour and became slowly converted into minute pale yellow crystals of the above compound, m. p. 
172—173° (slight preliminary softening) (Found: C, 28-65; H, 5-6. C,gH,,Cl,P,PdSn requires 
C, 28-5; H, 56%). It is readily soluble in methyl and ethyl alcohols, chloroform, and acetone, and 
moderately soluble in ethyl carbonate and dioxan: contact with these solvents makes the compound 
sticky, however, and some dissociation probably occurs. 

No stable compound could be obtained by the union of tetrabromobis(tri-n-propylphosphine)tin 
and mercuric bromide or of tetrachlorobis(tri-n-propylphosphine)tin and cadmium chloride. 

Arsine Derivatives of Stannic Halides.—Tetvachlorobis(triethylarsine)tin. This compound, prepared 
as its _——. analogue, separated as colourless crystals, m. p. 155—159° (decomp.) (Found: C, 
24-4; H, 5- Cy:HgpCl,As,Sn requires C, 24-7; H, 5-2%). In solution in the lower alcohols it under- 
went partial dissociation, and recrystallisation was not attempted. 

Tetrabromobis(triethylarsine)tin. This compound formed cream-coloured crystals, m. p. 126—132° 
(decomp.) (Found: C, 19-0; H, 4:2. C,,H,,Br,As,Sn requires C, 18-9; H, 4-0%). 

Tetrachloro-(o-phenylenebis(dimethylarsine) |tin (XIII). When a solution of stannic.chloride (1 g.) in 
alcohol (20 c.c.) was added to one of the diarsine (1 g., 1-1 mols.) in alcohol (10 c.c.), this compound 
separated as white crystals, m. p. 214—224° (with preliminary softening and decomp.) (Found: C, 22-2; 
H, 3-1. CyH,sCl,As,Sn requires C 22-0; H, 30%). It is readily soluble in cold alcohol (apparently 
with partial dissociation), and insoluble in non-polar solvents. The use of an excess of the diarsine did 
not cause further co-ordination with the metal. 

2: 2’-Dipyridyl Derivatives of Tin.—Tetrachloro-2 : 2’-dipyridyltin (XIV). A solution of dipyridyl 
(0-6 g.) in alcohol (20 c.c.) was added to one of stannic chloride (1 g., 1 mol.) also in alcohol (20 c.c.). 
When the mixture was set aside for 2 hours with occasional stirring, the initial sticky white precipitate 
of the above compound was converted into white crystals, m. p. >400° (Found : C, 28-9; H, 2-0; N, 6-8. 
C,,H,N,Cl,Sn requires C, 28-8; H, 1-9; N, 6-7%). It is insoluble in most organic liquids, but can be 
recrystallised from glycol monomethyl ether: the crystals become pink on prolonged exposure to the 
solvent, but remain white if rapidly filtered off and dried. 

The tetrabromo-analogue, similarly prepared, formed pale brown needles, m. p. >400°, which were 
too insoluble for purification (Found: C, 21:0; H, 1-6; N, 5-0. C,H,N,Br,Sn requires C, 20-2; H, 
1-4; N, 4:7%). 

The ¢etraiodo-analogue, similarly prepared, formed a brick-red powder or dark red crystals, m. p. 
>400° (Found: C, 15-5; H, 1-5; N, 3-6. C,,H,N,I,Sn requires C, 15-4; H, 1:0; N, 36%). It is 
insoluble in all the usual organic liquids. 

Phosphine Derivatives of Uvani Tetrahalides.—Tetrachlorobis(triethylphosphine)uranium. Tri- 
ethylphosphine (1-2 g., 2-5 mols.) was added to a solution of uranium tetrachloride (1-5 g.) in cold 
alcohol (20 c.c.), and the mixture was boiled for 10 minutes and cooled. The yellowish-green 
precipitate, when collected and twice recrystallised from alcohol, gave the above compound as pale 
yellow hygroscopic needles, m. p. 253—-256° (decomp. to brown liquid) (Found: C, 23-0; H, 5:1. 
C,,HgCl,P,U requires C, 23-4; H, 49%). The compound is soluble in methyl, ethyl, and propyl 
alcohols, but the solution undergoes slow decomposition with liberation of phosphine. The compound 
is insoluble in benzene, ethyl carbonate, ether, chloroform, carbon tetrachloride, and petrol. 

Tetrachlorobis(tri-n-propylphosphine)uranium. This compound, when similarly prepared and 
recrystallised, formed pale yellow hygroscopic needles, m. p. 208—210° (decomp. to green liquid) 
(Found: C, 31-0; H, 6-0. C,,H,,Cl,P,U requires C, 30-9; H, 60%). Its solubility in various solvents 
was closely similar to that of the previous compound. 

Tetrabromobis(triethylphosphine)uranium. This compound was similarly prepared, and was purified 
first by recrystallisation from alcohol and then by precipitation from its solution in -propyl alcohol 
by the addition of petrol. It formed hygroscopic yellow needles, m. p. 230-—232° (decomp. to brown 
liquid) (Found: C, 17-8; H, 4-1. C,,H,)Br,P,U requires C, 18-1; H, 3-8%). 

Tetrabromobis(tri-n-propylphosphine\uranium. This compound was prepared and purified similarly 
to the previous compound, and obtained as yellow hygroscopic needles, m.’p. 182—185° (decomp. to 
greenish-brown liquid) (Found: C, 24-3; H, 4-6. C,,H,,Br,P,U requires.C, 24-6; H, 4-8%). 

No similar tetraiodo-compounds could be obtained either by treating the tetrachloro-compounds 
in alcoholic solution with sodium iodide, or by treating uranium tetrachloride in alcoholic solution with 
a considerable excess of sodium iodide and then with the tertiary phosphine. 

Tris-2 : 2’-dipyridyluranium hexathiocyanate. A filtered solution of uranium tetrachloride (0-5 g.) 
in alcohol (20 c.c.) was added to one of dipyridyl (0-7 g., 3-3 mols.) also in alcohol (20 c.c.), and the 
mixture was boiled to coagulate the buff-coloured precipitate. The latter, when filtered from the cold 
mixture, became black; it was extracted with boiling water (3 c.c.), and the hot filtered extract treated 
with saturated aqueous potassium thiocyanate (ca. 0-3 c.c.). On cooling, a mixture of yellow crystals 
and a red oil separated: this mixture, when collected and recrystallised from a hot concentrated 
solution containing an excess of potassium thiocyanate, gave the above hexathiocyanate in low yield as 
very hygroscopic compact yellow crystals or as, hexagonal plates (Found: C, 41-1; H, 2-3; N, 15-4, 
15-2. C3,H,,.N,,5,U requires C, 41:0; H, 2:3; N, 15-9%). When, however, the mixture was 
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recrystallised from cooler and more dilute solutions containing a smaller excess of potassium thio- 
cyanate, radial clusters of fine non-hygroscopic yellow needles, m. p. 178—183° (preliminary — 
were obtained; these were apparently the monohydrate of the above hexathiocyanate (Found: C, 
40-7; H, 2-7; N, 15-3, 15-4. CyeHa,N 125,U,H,O requires C, 40-3; H, 2-4; N, 15-65%). The crystals 
of the anhydrous salt slowly become opaque on exposure to the air, a ently with the formation of 


the morohydrate. The salt is very soluble in methyl and ethyl alcohols, but insoluble in the usual 
non-polar organic liquids. 
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By H. G. Coox, J. D. Izett, B. C. SauNpDERs, G. J. Stacey, H. G. Watson, 
I. G. E. Witpinc, and S. J. Woopcock. 


i Saeeate method (cf. J., 1948, 1313) of: preparing diaminofluorophosphine oxides is 
escribed. 

Diethyl fluorophosphinate has been synt* :sised. It is an unstable liquid devoid of marked 
toxic properties. The preparation of the fc'iowing is also described : diethyl chlorophosphinate, 
ethyl dichlorophosphinite, new derivatives of aminophosphonic acid, ethyl anilinofluoro- 
phosphonite, and ethyl dimethylaminofluorophosphonite. 

The action of sodium hydroxide solution on hydrogen phosphites is discussed, and an account 
is given of the reaction between ethylene glycol and phosphorus trichloride. 


In Part VI (J., 1948, 1313; cf. also B.P. 602,446) an account was given of a convenient method 
for obtaining diaminofluorophosphine oxides by the action of phosphorus oxydichlorofluoride 
on 4 moles of the amine : 


POCI,F + 4NH,R = POF(NHR), + 2 R‘NH,Cl. 


In Report No. 16 on Fluorophosphonates to the Ministry of Supply, Dec. 1943 (also McCombie 
and Saunders, Nature, 1946, 157, 776), we gave an account of an alternative method of preparation, 
details of which are given in the present communication. The method consisted in treating an 


amine with the calculated quantity of phosphorus oxychloride in ethereal solution : 
POCI, + 4NH,R = POCI(NHR),+2R‘NH,CL ...... (I) 


The diaminochlorophosphine oxide thus obtained was then fluorinated. For example, dianilino- 
chlorophosphine oxide was readily fluorinated by heating it with potassium fluoride in benzene, 
POCI(NHPh), + KF = POF(NHPh), + KCl. With some diaminochlorophosphine oxides, 
e.g., bisdimethylaminochlorophosphine oxide, POCI(NMe,)., certain other salts (e.g., zinc fluoride) 
were effective fluorinating agents. 

The preparation of dianilinochlorophosphine oxide was first mentioned by Michaelis (Ber., 
1894, 27, 2574), who heated 2 mols. of aniline hydrochloride with one mol. of phosphorus 
oxychloride for 48 hours. He did not give a yield and we found the method long and tedious. 
We have found, however, that this compound is much more simply prepared by allowing 4 
mols. of aniline to react with phosphorus oxychloride in cold ethereal solution, in accordance 
with equation (1). 

The miotic, toxic, and other physiological properties of the dialkyl fluorophosphonates, 
POF(OR),, are now well established (McCombie and Saunders, Ministry of Supply Report No. 1, 
Dec. 18th, 1941; Nature, 1946, 157, 287; J., 1948, 659). In 1944 (Report No. 18 to Ministry 
of Supply, McCombie and Saunders, July 4) we described an analogous compound of the 
phosphinate series, namely diethyl fluorophosphinate, PF(OEt),. This could not be prepared by 
the action of sodium fluoride on the corresponding diethyl chlorophosphinate (the preparation of 
which is considered below). We obtained it, however, by the action of ethyl alcohol on 
phosphorus. dichlorofluoride, PCl,F + 2EtOH = PF(OEt), + 2HCl, under the following 
conditions : (a) in ether, cooled by ice-salt; (b) in ether, in the presence of a tertiary amine to 
remove hydrogen chloride, cooled by ice-salt; (c) without a solvent, cooled by carbon 
dioxide-ether; or (d) in ether, cooled by carbon dioxide-ether. Conditions (a) gave the best 
results, although some of the ester was obtained in each of the above experiments. 

Diethyl fluorophosphinate was readily hydrolysed by water. It was only feebly toxic in 
comparison with the corresponding fluorophosphonate. Exposure to a concentration of 
1 mg./l. for 10 minutes caused no deaths among a batch of small animals, although some miosis 
was produced, but all the eyes returned to normal within 24 hours. 
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The phosphorus dichlorofluoride required for the above condensation was prepared by the 
fluorination of phosphorus trichloride by a modification of the method of Booth and Bozarth 
(J. Amer. Chem. Soc., 1939, 61, 2927). 

We prepared diethyl chlorophosphinate, PCl(OEt),, (a) by the action of phosphorus trichloride 
on triethyl phosphite, 2P(OEt), + PCl,——»> 3PCI(OEt),, or (6) by the action of phosphorus 
trichloride (1 mol.) on ethyl alcohol (2 mols.) in the presence of diethylaniline (2 mols.), 
PCl, + 2EtOH + 2NPhEt, —> PCI(OEt), + 2NPhEt,,HCl. Although diethyl  chloro- 
phosphinate is hydrolysed by water it did not react readily with sodium fluoride (referred to 
above) or potassium cyanide, but it gave derivatives with aniline and 6-naphthylamine. 

Ethyl dichlorophosphinite was first prepared by Menschutkin (Amnalen, 1866, 139, 343) 
although he did not give precise details. We find that it can be isolated from the reaction product 
formed by adding ethyl alcohol (1 mol.) to phosphorus trichloride in ether in the absence of a 
tertiary base. By this means the phosphorus trichloride is always in excess. Thus the 
interaction of phosphorus trichloride and ethyl alcohol under a wide variety of conditions has 
now been recorded and may conveniently be summarised as follows : 


PCl,. EtOH. Addendum, Product. Ref. 

1 Mol. 3 Mols. 3 Mols. of tertiary base. P(OEt), J., 1945, 380. 
1 Mol. 3 Mols. No tertiary base. P(OEt),-OH Ibid. 

1 Mol. 2 Mols. 2 Mols. tertiary base. PCI(OEt), 

1 Mol. 1 Mol. No tertiary base. PC1,(OEt) (mainly) 


Diethyl p-dimethylaminoanilinophosphonate was readily obtained as a colourless crystalline 
solid by the action of NN-dimethyl-p-phenylenediamine on diethyl chlorophosphonate. 

The parent anilinophosphonic acid, PO(NHPh)(OH),, was obtained by a new method which 
consisted in the ready hydrogenolysis of dibenzyl anilinophosphonate (cf. Atherton and Todd, 
J., 1947, 648). An attempt to prepare dibenzyl p-dimethylaminoanilinophosphonate by the 
action of NN-dimethyl-p-phenylenediamine on dibenzyl chlorophosphonate gave only an oil. 
When, however, a mixture of the amine, dibenzyl hydrogen phosphite, and trichloro- 
bromomethane was used (cf. Atherton and Todd, J., 1947, 674) a good yield of the amino- 
anilinophosphonate was obtained. It is a crystalline solid which causes severe dermatitis; 
the irritation develops slowly and with some individuals persists for weeks. 

In view of the rapid toxic action and miotic effect of the dialkyl fluorophosphonates and of 
the high toxicity of some of the diaminofluorophosphine oxides we prepared (Report No. 15 on 
Fluorophosphonates to Ministry of Supply by McCombie and Saunders, 9th December, 1943), 
and examined a hybrid molecule containing the essential features of each type of compound. 
The first such compound was ethyl anilinofluorophosphonite (I). One mol. of phosphorus 
oxydichlorofluoride was added to one mol. of ethy] alcohol and the resulting ethyl chlorofluoro- 
phosphonite (which it was not necessary to isolate) was treated with aniline. 

NH,Ph 
POCI,F + EtOH — > POCIF-OEt + HCl = POF(OEt)-NHPh + 2PhNH,,HCl 
(I.) 

On subcutaneous injection into mice, (I) had a L.D. 50 of 10 mg./kg., which was unexpectedly 
high in view of the reduction of toxicity caused by the phenyl group in both the 
fluorophosphonates (Part VI, J., 1948, 1010) and the aminofluorophosphine oxides (Part VII, 
ibid, p. 1314). 

Ethyl dimethylaminofluorophosphonite was prepared by a similar method and proved to be a 
very toxic liquid. Its L.D. 50, on intravenous injection into rabbits and also on subcutaneous 
injection into mice, was 2°5 mg./kg. Toxicity was also determined by inhalation and a Ci 
(¢ = 10 minutes) of 2000 mg. min./m.? killed 7 of 11 of a batch of rabbits, guinea-pigs, rats, and 
mice. A Ct of 1000 mg./min./m.* killed 4 of 11. Thecompound also possessed miotic properties. 

In view of the hyperactivity in rats caused by di-2-fluoroethyl fluorophosphonate (Part VI, 
J., 1948, 1010) we prepared the simpler di-2-fluoroethyl hydrogen phosphite (II). This was easily 
done by the action of phosphorus trichloride on fluoroethanol without the use of a tertiary base. 
The identity was confirmed by the formation of the crystalline anilinophosphonate (III) : 


c NH,Ph 
(CH,F-CH,0),P*OH ma. (CH,F-CH,-O),POCL ———-> (CH,F-CH,-O),PO-NHPh. 
(II.) (III.) 
Compound (II) was a liquid which, at a concentration of 0°5 g./m.* (¢ = 10 minutes), killed 10 
of 13 of a batch of small animals and at 0-2 g./m.*, 1 of 13. It was therefore not very toxic and 
in addition appeared not to induce hyperactivity. 
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The speed of the reaction between sodium hydroxide and different hydrogen phosphites 
varies greatly from one compound toanother. The reaction, however, is usually slow, indicating 
that they normally consist of a mixture of a and (V) with the equilibrium to the left : 


PH => om... Nat 
i (Glow) is (netantancous) “QQ + N® 
rh 


The reaction between certain tee lise and sodium hydroxide was examined as 
follows. A known weight of hydrogen phosphite was dissolved in carbon dioxide-free water, 
and phenolphthalein was added. Successive 1-ml. portions of standard sodium hydroxide 
solution were then added (in an atmosphere of nitrogen) and the times taken for the red colour 
of the phenolphthalein to disappear were noted. The results are given in the Experimental 
section for diethyl, diisopropyl, and di-2-fluoroethyl hydrogen phosphite. When the experiment 
was carried out in this way the total time to reach the end-point with diethyl hydrogen phosphite 
was of the order of 120 minutes. A corresponding experiment with diisopropyl hydrogen 
phosphite started off at about one-fifteenth of the rate observed with the ethyl compound, and 
was so slow that the true end-point could not be observed by this method. With di-2-fluoroethyl 
hydrogen phosphite, the time taken for the complete reaction was less than with diethyl hydrogen 
hosphite. 

. Dicyclohexyl hydrogen phosphite was insoluble in 0°1N-sodium hydroxide and therefore 
presumably exists entirely in the phosphonate form (IV). Infra-red spectroscopic examination 
has been carried out by Dr. G. B. B. M. Sutherland (to be published elsewhere) and excellent 
confirmation has been obtained that dicyclohexy] hydrogen phosphite is indeed exclusively (IV), 
whereas diethyl and diisopropyl hydrogen phosphite contain a proportion of the true phosphite 
forms (V). 

Very diverse results have been expressed concerning the action of phosphorus trichloride 
on glycol. Carré (Compt. rend., 1903, 136, 756) suggested that the product was (VI), whereas 


CH,-CH,-O O—CH, oH, -CHyCH,-O 
Cl ot Spa capt | HO-P¢ | HOR. Pou 
“CH,CH,-O” H, H, O-CH,’CH,’ 
(VI.) (VII.) (VIII.) (IX.) 
Rossiiskaya and Kabachnik (Bull. Acad. Sci. Russia, 1947, 509) stated that their product was 
(VII). Under the conditions of our experiments, with dioxan as a solvent, we obtained a 
compound which was chlorine-free and had the empirical formula C,H,;O,P. This could be 
either (VIII) or (LX), formed according to the standard equation (Part I, J., 1945, 380) : 


2PCl, + 3(CH,-OH), = C,H,,0,P, (or 2C,H,O,P) + (CH,Cl), + 4HCl 
It was considered that molecular-weight determinations of the product would not necessarily be 


diagnostic in view of the possible dimerisation of (VIII), particularly in the phosphonate form 
(X) (cf. the dimers of the carboxylic acids). The problem was then approached from a different 


oie Co oe, 


angle. The product was treated with chlorine, and a compound C,H,O,C1,P obtained, together 
with decomposition products. The high chlorine content suggested the formation of di-2-chloro- 
ethyl chlorophosphonate according to the scheme: 


CH, CH,O. 2c, 
HO-P SP-OH —> 
“CH,-CH, 


C1lH 
O-CH,CH,'-O *CH,CH,Cl 
O=FK | o>? —> O=P + HPO, + HCl 
-CH,'CH;! | \O-CH,’CH,Cl 

chH Gl é1 
Metaphosphoric acid would be produced and this would explain why an undistillable residue 
was obtained. Confirmation was provided by the conversion of the chlorophosphonate into 
di-2-chloroethy] fluorophosphonate by means of sodium fluoride in benzene. All these reactions 
suggest that the product of the reaction between ethylene glycol and phosphorus trichloride was 
most probably bis(ethylene hydrogen) diphosphite (IX). 
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In Part V (J., 1948, 699) we described the preparation of diethyl thiocyanatophosphonate, by 
heating together diethyl chlorophosphonate and potassium thiocyanate. We have now shown 
that under suitable conditions the reaction will take place at room temperature. The properties 
of the thiocyanatophosphonate have been further examined (see p. 2927). 


EXPERIMENTAL, 


Dianilinochlorophosphine Oxide.—Aniline (37-2 g.), dissolved in ether (50 c.c.), was added slowly to 
phosphorus oxychloride (15-3 g.) dissolved in ether (50 c.c.) and ice-cooled. The mixture was kept 
overnight, and the solid which separated was filtered off and washed free from aniline hydrochloride with 
water.. The residue, recrystallised from alcohol, had m. p. 167° (m. p.s recorded in literature vary from 
159° to 174°) (Found: N, 11-0. Calc. for C,,H,,ON,PCl: N, 10-5%). Yield: nearly theoretical. 

Dianilinofluorophosphine Oxide.—Crude dianilinochlorophosphine oxide (10 g.) was heated with 
potassium fluoride (4 g.) and benzene (50 c.c.) for 5—6 hours. The mixture was then filtered hot and 
the remaining solid extracted again with boiling benzene. The benzene extracts were cooled and the 
crude fluorophosphine oxide separated. Recrystallised from aqueous ethyl alcohol, in well-formed 
needles, it had m. p. 144° [mixed with the authentic compound made by action of phosphorus oxydichloro- 
fluoride on aniline (J., 1948, 1010), 143—144°]. 

Bis(dimethylamino)chlorophosphine Oxide.—Anhydrous dimethylamine (18 g.) in ether (60 c.c.) was 
cooled in solid carbon dioxide-methylated spirit. A solution of phosphorus oxychloride (15-35 g.) 
in ether (60 c.c.) was added slowly (45 minutes) and a vigorous reaction took place. The mixture was 
kept overnight and the dimethylamine hydrochloride which had separated was filtered off. The ether 
was distilled from the filtrate, and the residue fractionated, the fraction, b. p. 79—82°/0-6 mm. (12-3 g., 
68%), being collected. This oxide also boiled at 133—134°/30 mm. (Found: N, 15-8. Calc. for 
C,H,,ON,PC1: N, 16-4%). 

Bis(dimethylamino)fluorophosphine Oxide.—Bis(dimethylamino)chlorophosphine oxide (18 g.) was 
heated in benzene (50 c.c.) with powdered zinc fluoride (9 g.) for about 2 hours. The inorganic material 
was filtered off and benzene distilled from the filtrate. The residue was fractionated under reduced 
pressure, and the chlorine-free oxide, b. p. 92—93°/15 mm., was collected. 

Phosphorus Dichlorofiuoride (cf. Booth et al., J. Amer. Chem. Soc., 1939, 61, 2927).—The reaction was 
carried out in an apparatus of the type used for the partial fluorination of phosphorus oxychloride 
(Report No. 3 on Fluorophosphonates to the Ministry of Supply by McCombie and Saunders ; for a diagram 
of apparatus see Chapman and Saunders, J., 1948, 1010). The 3-necked flask fitted with stirrer and feed 
for antimony trifluoride was placed in a thermostat. The flask was connected through a vertical 
fractionating column and condenser to a series of traps [C (ice-salt), D, and D, (carbon dioxide~ether), 
and E (liquid air)], and thence to a water-pump fitted with a manometer and a constant-pressure device. 
The thermostat was maintained at 40° and the brine for the reflux condenser was cooled so that the 
temperature of the condenser was about -2°. Phosphorus trichloride (830 g., 520 c.c.) was placed in the 
flask, and the antimony pentachloride catalyst (15 c.c.) added slowly with stirring, heat being evolved. 
Antimony trifluoride (dried and powdered; 700 g., 3-9 mols.) was then placed in the feed and the pump 
started, the pressure being adjusted to 240 mm. The trifluoride was added at such a rate that the reflux 
column was not choked by the returning phosphorus trichloride, the operation taking about 2 hours. 
Owing to the low b. p. of phosphorus trichloride, considerable quantities always passed over into C and 
even into D,; in fact, after about 3 hours there was usually no liquid left in the reaction vessel. The 
contents of Dd, and D, were united and distilled through a column cooled by water at 0°. The fraction 
of b. p. up to 28° was collected and consisted mainly of phosphorus dichlorofluoride (135—150 g., ca. 20%). 
On cooling it in carbon dioxide—ether a few white crystals were formed, but these disappeared on warming 
the mixture to room temperature. Redistillation of the product gave about 100 g. of phosphorus 
dichlorofluoride, b. p. <20°, which on redistillation gave a colourless liquid, b. p. 13-9°/760 mm., fuming 
in moist air and reacting vigorously with water, alcohols, etc. Prolonged exposure to the fumes caused 
chest pains, difficulty in breathing, and headache. 

Diethyl Fluorophosphinate.—Phosphorus dichlorofluoride (73 g., 0-6 mol.) was dissolved in dry ether 
(150 c.c.), and the solution cooled to —10°. Absolute alcohol (55-2 g., 1-2 mols.) was added to the ethereal 
solution during 14 hours, with occasional shaking. After a further 1} hours, the ether was distilled off 
and the residue fractionated at 20 mm., the fraction, b. p. 78—84°, being collected. This was 
refractionated, a small quantity of liquid distilling at about 50°. The temperature then rose rapidly to 
80° and the fraction, b. p. 80—81-5°/18 mm., was collected (26-5 g., 32%). 

The ester contained phosphorus and fluorine, but not chlorine (Found: C, 34-2; H, 8-1. C,H,,0O,PF 
requires C, 34-3; H, 7-1%). 

The ester was hydrolysed under conditions arranged so that the reaction, PF(OEt), + 20H- —> 
(EtO),PO- + F- + H,O, took place without appreciable removal of the ethyl groups. This was 
effected by heating the ester under reflux with a standard alcoholic solution of sodium hydroxide for 
ah The excess of alkali was then back titrated [Found: equiv., 69. PF(OC,H;,), requires equiv., 

Potassium permanganate dissolved in acetone oxidised diethyl fluorophosphinate vigorously, a 
brown tarry material being produced. 

Diethyl Chlorophosphinate.—(a) Triethyl phosphite (33-2 g., 0-2 mol.) and phosphorus trichloride (13-7 g., 
0-1 mol.) were heated under gentle reflux for 30 minutes, the liquid gradually becoming a yellowish-green. 
The product was distilled at 13 mm. and the fraction, b. p. 34—42°, was collected. There was a small 
quantity of higher-boiling material, and an orange coloured solid remained in the flask. The chloro- 

hosphinate was redistilled at atmospheric pressure and then had b. p. 143—148° (20-5 g.) (Found: 
1, 22-8. Calc. for CgH,,0,CIP: Cl, 22-6%). 

(6) Phosphorus trichloride (200 g., 1-45 mols.) in dry ether (127 c.c.) was added slowly to a solution of 

ethyl alcohol (134 g., 2-9 mols.) and diethylaniline (435 g., 2-9 mols.) in dry ether (200 c.c.). The mixture 
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was cooled in ice-water and stirred. The diethylaniline hydrochloride which separated was filtered off, 
and the filtrate and washings were distilled on a water-bath to remove the ether. Distillation of the 
residue gave diethyl chlorophosphinate of b. p. 45—53°/15 mm. (80-8 g., 35-5%) (Found: C, 31-2; H, 
7-4. Calc. forC,H,,0,CIP: C, 30-7; H, 64%). The ester is a colourless liquid which fumes readily in 
moist air and reacts violently with water. 

(c) Reactions. (i) Heating it with potassium cyanide or sodium fluoride caused no appreciable reaction. 

(ii) With aniline. Diethyl chlorophosphinate (10 g., 1 mol.) was dissolved in dry ether (30 c.c.) and 
cooled in ice-water. Aniline (11-9 g., 2 mols.) was added slowly. The white precipitate of aniline 
hydrochloride was filtered off, the filtrate heated on a water-bath to remove ether, and the remaining 
solution distilled at reduced pressure. 7-9 G. of diethyl anilinophosphinate, b. p. 144—148°/17 mm., was 
obtained. Redistillation gave a fraction of b. p. 142—144°/15 mm. (Found: N, 6-9. C,H,,O,NP 
requires N, 6-6%). 

(iii) With B-naphthylamine. Diethyl Sees (10 g., 1 mol.) was dissolved in dry ether 
(15 c.c.) and cooled in ice-water and B-naphthylamine (18-6 g., 2 mols). in dry ether (60 c.c.) was slowly 
added. The mixture was left for 1 hour, then the precipitate of B-naphthylamine hydrochloride was 
filtered off, the ether removed on a water-bath, and the residue distilled under reduced pressure. At 
0-3 mm. a fraction (7 g.) was obtained, b. p. 133—140°. Redistillation gave diethyl B-naphthylamino- 

—o b. ” etipaaaticit mm. (Found: C, 63-8; H, 7-1; N, 5-8. C,,H,,0,NP requires C, 64-0; 
, 6-85; N, 53%). 

Ethyl Dichlorophosphinite.—Ethyl alcohol (34 g., 1 mol.) in dry ether iY c.c.) was added slowly to 
a solution of phosphorus trichloride (100 g., 1 mol.) in dry ether (50 c.c.), cooled in ice-water. The 
ether was distilled off and the residue gave fractions, (i) (57 g.) b. p. 25°/25 mm., and (ii) (6 g.) 
b. p. 74°/15 mm. (diethyl hydrogen phosphite). Fraction (i) was redistilled at atmospheric pressure 
and proved to be ethyl dichlorophosphinite, b. p. 117—118°. It is a colourless, fuming liquid 
which reacts violently with water. Its hygroscopic character rendered determination of carbon and 
hydrogen difficult and its identity was established by conversion into ethyl o-phenylene phosphite as 
follows. Ethyl dichlorophosphinite (4 g.) dissolved in dry ether (10 c.c.) was slowly added to a mixture 
of pyrocatechol (3 g.) and diethylaniline (8-14 g.) in dry ether (25c.c.), cooled in ice-water. After being 
set aside for 2 hours, the precipitate of diethylaniline hydrochloride was filtered off, the ether removed 
from the filtrate, and the residue distilled at 102—-103°/23 mm. Yield, 2-64g. Redistillation gave b. p. 
99—100°/19 mm. (Found: C, 52-0; H, 5-3. Calc. for C,H,O,P: C, 52-3; H, 49%). These b. p.s 
compare favourably with that of Anschiilz and Walbrect (J. pr. Chem., 1932, 188, 65), who gave b. p. 
83—84°/11 mm. 

Diethyl p-Dimethylaminoanilinophosphonate.—N N-Dimethyl-p-phenylenediamine (5-44 g.) in benzene 
(20 c.c.) was added to diethyl chlorophosphonate (3-45 g.) in benzene (15 c.c.) with shaking. The amine 
hydrochloride (3-2 g., 96%) was filtered off and the filtrateevaporated todryness. The solid was recrystal- 
lised from light petroleum (b. p. 40—60°), and diethyl EET honate was obtained 
as png hay our ba plates, m. p. 94° (2-3 g., 70%) (Found: N, 10-2; P, 11-3. C,,;H,,0O,N,P requires 
N, 10-3; P, 11-4%). 

Anilinophosphonic Acid.—Dibenzyl a (5 g.; prepared according to the method of 
Atherton and Todd, J., 1945, 382) was hydrogenated (7 minutes) in ethanol (150 c.c.) at room temperature 
and pressure with palladium oxide as catalyst. (Hydrogen, taken up 700 c.c.; the catalyst was reduced 
in the presence of the compound; theoretical uptake, 625 c.c.) The catalyst was filtered off, and on 
storage of the filtrate the highly crystalline anilinophosphonic acid (1-5 g.) separated, having m. p. 
276—277° (decomp.) [Michaelis gave m. p. 276° (decomp.)]. 

The alcoholic mother-liquor was evaporated to dryness and the residue dissolved in water. The 
solution was made neutral to phenolphthalein with sodium hydroxide solution, and an excess of silver 
nitrate (56% solution) was added. The resulting disilver anilinophosphonate was filtered off and dried 
(yield, 3 g.) (Found: Ag, 56-8. Calc. for C,H,O,NPAg,: 55-8%). The high content of silver was 
probably due to traces of silver phosphate. 

Disilver anilinophosphonate was popes in a slightly different way as follows. Dibenzyl anilino- 
phosphonate (2 g.) was dissolved in alcohol (90 c.c.) and heated under reflux for 90 minutes with Raney 
nickel (0-5 g.). After filtration, the solution was shaken at room temperature with hydrogen in the 
presence of palladised charcoal at atmospheric pressure. The uptake was initially rapid and finally 
300 c.c. were absorbed (theoretical, 350c.c.). The solution was filtered, and the solvent and toluene were 
removed on the water-bath, giving a sticky solid residue. This was dissolved in water, acetone was 
added and then a concentrated solution of silver nitrate. A white precipitate of the disilver 
ea separated (Found: Ag, 56-2%). 

Dibenzyl p-Dimethylami ilinophosphonate.—p-Aminodimethylaniline (18 g.) and dibenzyl hydrogen 





ar si (36-5 g.) were dissolved in carbon tetrachloride (100 c.c.) and cooled in ice-water. Trichloro- 
romomethane (25 c.c.), diluted with carbon tetrachloride (25 c.c.), was added with | The 


solution was washed with 10% aqueous sodium hydroxide, and the pape solid filtered off. The 
solid dibenzyl p-dimethylaminoanilinophosphonate (88%), recrystallised from alcohol, had m. p. 123—124° 
(Found : C, 66-5; H, 6-6; N, 7-2. H,,0,N,P requires C, 66-7; H, 6-4; N, 7-1%). 

Ethyl Anilinofluorophosphonite [with N. B. Cuapman].—Absolute ethyl alcohol (4-6 g.) was slowly 
added to phosphorus oxydichlorofluoride (13-7 g., 1 mol.) contained in a flask cooled in ice and concentrated 
hydrochloric acid. The mixture was set aside overnight, dry ether (100 c.c.) was added, and then aniline 
(27-9 g., 3 mols.) dissolved in dry ether (100 c.c.) was slowly added with cooling in ice~hydrochloric acid. 
The precipitate of aniline hydrochloride was filtered off and the ethereal filtrate dried (Na,SO,). Theether 
was distilled off and the residual oil’fractionated at 0-2 mm. in a current of nitrogen. The fraction, 
b. p. 100—150°/0-2 mm., was collected and solidified when cooled in ice and scratched. The fluoro- 
phosphonite, recrystallised from aqueous acetic acid, had m. p. ca. 50° (Found: N, 7:3; F, 9-5. 
C,H,,O,NPF requires N, 6-9; F, 9-4%). 

Ethyl Dimethylaminochlorophosphonite.—To a solution of ethyl dichlorophosphonite (97-8 g., 0-6 mol.) 
in dry ether (450 c.c.), cooled in ice-hydrochloric acid was slowly added dimethylamine (54-0 g., 1-2 mols.) 
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in ether (300 c.c.). The mixture was kept for 2 hours before filtration, and the filtrate dried (Na,SO,) 
before distilling off the ether. The residue was distilled under reduced pressure in an atmosphere of 
nitrogen, and the greater part was collected between 70° and 80°/1-2—2-0 mm. Some decomposition 
occurred towards the end, and distillation was finally stopped while a residue still remained. Yield, 
63-6 g. (62%). On redistillation, the chlorophosphonite boiled at 98—100°/18 mm. A small quantity 
of needle-shaped crystals separated from this distillate on storage (Found: Cl, 23-0, 23-3. 
C,H,,O,NCIP requires Cl, 20-7%). 

Ethyl Dimethylaminofiuorophosphonite.—A mixture of the chlorophosphonite (17-2 g., 0-1 mol.), dry 
potassium fluoride (23-2 g., 0-4 mol.), and carbon tetrachloride was stirred and heated in an oil-bath at 
100° for 3 hours. After cooling, the solid was filtered off and the solvent distilled from the filtrate. The 
residual liquid was distilled under reduced pressure and the greater part (10-3 g., 66%) of it came over 
between 72° and 78°/19 mm. A small higher-boiling fraction was also obtained. On redistillation, the 
fluorophosphonite had b. p. 76—78°/18 mm. (Found: C, 30-9; H, 7-8; N, 9-2. C,H,,O,NFP requires 
C, 31-0; N, 7-15; N, 9-0%). The compound contained fluorine and was chlorine-free. Toluene could 
also be used as the solvent for fluorination. 

Di-2-fluoroethyl Hydrogen Phosphite.—Phosphorus trichloride (23 g.) in carbon tetrachloride was 
added slowly to 2-fluoroethanol (32 g.) also in carbon tetrachloride, without external cooling. Air was 
then drawn through the mixture for several hours in order to remove the hydrogen chloride, the carbon 
tetrachloride distilled off, and the residue distilled at 140—145°/16—17 mm. This was refractionated 
and had b. p. 109—110°/1-7 mm. It contained fluorine and phosphorus, and was soluble in water. 
Its identity was confirmed by formation of a crystalline anilino-compound thus. Chlorine was passed 
into the hydrogen phosphite suspended in ether and cooled inice. As the reaction proceeded, the mixture 
became homogeneous because of the solubility of the chlorophosphonate in ether. Air was then drawn 
through the mixture to remove most of the hydrogen chloride. Excess of aniline was added, with external 
cooling in ice, and the mixture was set aside for 1 hour and then extracted with boiling benzene. The 
benzene was evaporated from the extract thus obtained, and the residue solidified. The di-2-fluoroethyl 
anilinophosphonate was then recrystallised first from a mixture of ethyl alcohol and hydrochloric acid 
(to remove excess of aniline), and then from ethyl alcohol and water, and had m. p. 68—70° (Found: 
N, 6-0. C,H,,O,NPF, requires N, 5-4%). 

Dicyclohexyl Hydrogen Phosphite.—cycloHexanol (45-0 g., 0-45 mol.) was dissolved in carbon tetra- 
chloride (40 ml.) and phosphorus trichloride (20-6 g., 0-15 mol.) in carbon tetrachloride (20 ml.) slowly 
added. The mixture was heated under reflux in an oil-bath at 90° for 1 hour and then cooled, and the 
low-boiling liquids removed by warming the mixture gently under reduced pressure. The residual 
liquid was itself distilled and the main fraction was collected between 135° and 143° as the pressure 
varied from 0-6 to 1-0 mm. Decomposition occurred towards the end. Yield, 60—65%. For purposes 
of spectroscopic examination, the material was distilled twice more and finally pure dicyclohexyl hydrogen 
phosphite, b. p. 120°/0-15 mm., was collected (no decomposition occurred during the last two distillations) 
(Found : C, 58-3; H, 9-5; P, 12-6. C,,H,,0,P requires C, 58-5; H, 9-4; P, 12-6%). 

Action of Sodium Hydroxide Solution on Dialkyl Hydrogen Phosphites.—Diethyl hydrogen phosphite. 
This (2-9940 g.) was dissolved in carbon dioxide-free water and made up to 150 ml. 20 ML. of this solution 
were diluted to ca. 100 ml. with water, phenolphthalein was added, and nitrogen bubbled through the 
solution during the reaction. 1 Ml. of 0-102N-sodium hydroxide was then added and the time taken for 
the colour of the indicator to disappear was noted. This was repeated for successive quantities of 1 ml. 
Results were : 


Time required for colour Time required for colour 
of indicator to disappear 1 of indicator to disappear Total 
Ml. added. (min.). ime. Ml. added. (min.). 
1, 2,3 all ca. 1 : 
9 


time. 


1 
The total time was then plotted against the number of ml. added. 


Diisopropyl hydrogen phosphite. 4-010 G. were used as above. Results were: 


MI. added 1 2 3 + 5 6 
Time required for colour of indicator to disappear (min.) 21 28 32 36 38 39 
Total time 21 49 81 117 155 194 


A graph was plotted as before. The end-point could not be determined in this case by this method 
because the reaction is so slow. The gradient of the curve is ca. one-fifteenth of that at the beginning of 
the diethyl hydrogen phosphite curve. 

Di-2-fluoroethyl hydrogen phosphite. 4-3430 G. were used as above. The whole reaction was much 
more rapid than with the diethyl compound. It was possible to carry out an ordinary titration on the 
solution, each ml. however, reacting much more slowly that the previous one. Thus a drop (about 0-1 
ml.) of sodium hydroxide solution before the end-point took about 2 minutes before decolorisation of 
the indicator occurred, whereas the next drop required about 30 minutes. 20 Ml. of solution = 19-6 ml. 
of 0:102n-NaOH. Found: equiv., 173-8. C,H,O,PF, requires equiv., 174. 

Reaction between Ethylene col and Phosphorus Trichloride.—Phosphorus trichloride (137-5 g.) was 
slowly added to the glycol (93 g) in dioxan (100 g.). Hydrogen chloride was evolved copiously and, after 
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30 minutes, dry ammonia was passed through the mixture to precipitate ammonium chloride which was 
filtered off. The viscous filtrate was distilled under reduced pressure, and the chlorine-free phosphite, 
b. p. 99-5°/0-15 mm., was collected (125 g., 67%) (Found: C, 24-65; H, 4-8. C,H, O,P, requires C, 
22-2; H, 46%). The identity of the mye ee was further established by conversion into the chloro- 
phosphonate as follows. The hydrogen phosphite was dissolved in chloroform, and dry chlorine was 

through until a faint green colour persisted. The excess of chlorine was removed by sucking air 
through the eqoid, which was then shaken with lead carbonate, filtered, and distilled. A small fraction 
distilled at 122—124°/0-6 mm. (Found: C, 19-9; H, 3-3; Cl, 44:1; P, 12-8. Calc. for C,H,O,CI,P : 
C, 19:7; H, 3-4; Cl, 44-1; P, 12-7%); the remainder did not distil. 

When the phosphite was fluorinated by sodium fluoride in benzene, the fluorophosphonate, b. p. 
107°/0-8 mm., was obtained (Found: F, 8-5. Calc. for C,H,0,Cl,FP: F, 8-4%). 

Diethyl Thiocyanatophosphonate.—Diethy1 chlorophosphonate (10 g.) and dry potassium thiocyanate 
(7-5 g.) were shaken together at room temperature for 3 hours, whereupon most of the potassium 
thiocyanate disappeared and a red solution was obtained. Dry ether was added to precipitate the 
potassium chloride formed. The solution was filtered and the filtrate distilled, giving the 
thiocyanatophosphonate (6-7 g., 50%), b. p. 76—78°/0-5 mm. Theester is a colourless liquid, b. p. 80— 
82°/1 mm., with a characteristic odour, gives a red colour with ferric chloride solution, dissolves in sodium 
hydroxide to a yellow solution, but is insoluble in dilute mineral acid. It darkens on storage. When it 
was heated on a small scale with zinc and dilute hydrochloric acid, followed by neutralisation, steam- 
distilled, and extracted with ether, and the ethereal layer was evaporated, a colourless oi] was obtained 
which gave a characteristic red colour (test for a thiol group) with sodium nitroprusside and sodium 
hydroxide solution. 


We thank the Chief Scientist, Ministry of Supply, for permission to publish details of this work. 
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618. The Magnetic Susceptibility of Certain Organic Compounds. Part 
II. The Constitution of Picric Acid, Naphthalene, and Naphthalene 


Picrate. 
By F. G. Bappar and H. MIKHalL. 


Magnetic susceptibilities of naphthalene picrate and its constituents showed that the latter 
are linked together by weak electrostatic forces. The abnormally high value obtained for 
picric acid (Xy x 10° = — 84-38) suggests the contribution of several coplanar structures to the 
normal state of the molecule. 


In Part I (J., 1944, 590) it was shown that the additivity law holds for quinhydrone and that 
the bond linking the quinone to the quinol molecule cannot be represented more precisely than 
by a dotted line, or that the individual molecules are held together by weak electrostatic forces 
(cf. Lal and Khan, Current Sci., 1944, 18, 312). In the present investigation the study was 
extended to naphthalene picrate in a similar attempt to investigate the type of linkage between 
its components. The magnetic susceptibility for naphthalene is found to be (—92°8 x 10-*) 
which agrees, within the experimental errors, with the theoretical values based on either the 
Pascal (Bull. Soc. chim., 1911, 9, 79, 336, 868) or the Gray—Cruickshank method (Trans. Faraday 
Soc., 1935, 31, 1491). 


The experimental value for picric acid (—84°38 x 10) is exceptionally high, compared 
with the mean calculated value (—73°145 x 10-*) for the structures (I)—(IV) (55°125, 55°125, 
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90-965, and 91-366, respectively). This showed that the coplanar structures (V), (VI), and (VII) 
and their corresponding internal ionic structures, as well as structure (VIII), may contribute 
to the normal state of the molecule. 

The agreement between the experimental and calculated values for structure (VIII) cannot 
be taken as an evidence that this is the sole structure contributing to the normal state of the 
molecule. Such a structure is less stable than are structures (I) and (II) as it involves the 
unstable separation of charge. Table I shows the method of calculation based on the Gray- 
Cruickshank method (loc. cit.) for structure (VIII). 

Singh et al. (J. Indian Chem. Soc., 1946, 23, 335) considered the high magnetic susceptibility 
(—74°55 x 10) of s-trinitrobenzene to be an indication of the existence of three resonance 
structures which contribute equally to the actual state of the molecule. These, however, are 
not equally stable, for the same reason as stated above. Such less stable structures should, 
therefore, contribute less to the actual state of the molecule than do the more stable structures. 

The value for naphthalene (see Table II) is in good agreement with that obtained by 
Lonsdale (Proc. Roy. Soc., 1937, 159, 153) and is not too far from the calculated value. 

The experimental value for naphthalene picrate (—185°9 x 10) does not deviate widely 
from the additive value for naphthalene and picric acid (—177°62 x 10°). This small 
deviation from additivity supports the assumption that the components are linked together by 
weak electrostatic forces. 


TABLE I, 
Total 
Charge on diamag- Bond 
each. Diamagnetism of each. netism. depression. 
+0-96 = 0:96 x 6-64 
0:04 x 9-96 =0- 13-5456 6C—C 11-88 
0-13 4-23 
0-87 6-64 = 5- 6-3267 3C=N 35-31 
0-25 6-64 
0-75 9-96 . 27-3900 1-92 
0-00 
2-373 = 2- 4-5562 0-67 
0-00 = 
2-373 = 1- 1-6374 3-12 
9-4 _ 
7-09 . 8-1064 


+1-13 
+0-25 


ou uu g 


+0-04 
+0-31 
—0-44 


x 
x 
x 
x 
x 
x 
x 
x 
x 
x 


x 12-66 

x 94 57-9648 

x 5-91 . 

x 8-28 . 18-3699 
Total  . 137-8970 

Bond depression 53-96 


Molecular diamagnetism 83-9370 


; EXPERIMENTAL. 


The Gouy method was adopted, details of which are described in Part I (loc. cit.). 
The following formula was used in guage the experimental sag susceptibility, viz., 


- 
= Tas * x Spt [te -Fx¥ sw * a 


where the symbols have their usual meanings (cf. Hoare, Proc. Roy. Soc., 1934, 147, 88). The term 
v/V is the meniscus correction where v is the volume of the meniscus and V is the volume of the tube to 
an arbitrary mark (cf. Nettleton and Sugden, Proc. Roy. Soc., 1939, A, 178, 313). xw for pure water at 
20—25° was taken as —0-72 x 10°*. 

Two tubes were chosen, for which the meniscus correction contributed an error of about 0-7%, if 
neglected in case of solids. 

Purification of Materials.—The solvents which were used for crystallisation were ic saat according 
to Weissberger and Proskauer (“‘ Organic Solvents,’’ 1935). 

Picric Acid.—Three different samples were used which were purified as follows : 

(i) A pure Kahlbaum sample of picric acid and an AnalaR sample were purified by repeated 
crystallisation from water. The dry product was then crystallised from alcohol or benzene to give pale 
yellow needles, m. p. 122-5°. 


(ii) Kahlbaum picric acid was nitrated with a mixture of concentrated sulphuric acid and nitric 
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acids toconvert any incompletely nitrated phenol into the fully nitrated product (cf. Arundel, Davies, and 
Imp. Chem. Ind., B.P. 370,436), and then purified as above. 

(iii) Picric acid was precipitated as its sodium salt which was crystallised from water, and the free 
acid was then liberated by pure hydrochloric acid and purified as in (i). 

Naphthalene.—B.D.H. “‘ Naphthalene for molecular weight determination ’’ was crystallised from 
alcohol to give colourless leaflets, m. p. 81-6°. 

Naphthalene Picrate.—Equimolecular amounts of pure naphthalene and picric acid were dissolved 
in benzene and the solutions mixed in the cold. The picrate crystallised from ethyl acetate in yellow 
needles, m. p. 152—152-5°. 

The usual method of producing uniformity in packing was followed (see Part I, Joc. cit.). 

Typical results for —yy x 10° are given in Table II. 


TaBLE II. 
Experimental values. Calculated values. 





Substance. (i). (iii). (iv). Pascal. Gray et al. 
Naphthalene _ 93-0 91-49 91-87 
Picric acid — —_ 80-06 — 
’ Naphthalene picrate . 187-1 _ 171-55 — 

(i) Author’s values. (ii) Pascal,/loc.cit. (iii) Bhatnagarand Nevgi, Indian J. Physics, 1935, 2, 311. 
(iv) Lonsdale, Proc. Roy. Soc., 1937, 159, 153. 


Fovap I UNIVERSITY, Faculty oF ScIENCE, Carro, EGyPpt. [Received, July 27th, 1949.] 





619. The Thermal Degradation of Ethylene Polymers. 
By W. G. Oakes and R. B. RICHARDs. 


The thermal degradation of ethylene polymers at temperatures above 290° has been 
followed by changes in average molecular weight and in the infra-red spectra. Although 
molecular-weight decrease is marked in the range 300—400°, ethylene or other volatile products 
are not formed in quantity below about 370°. In this respect the degradation is in contrast to 
that of styrene or methyl methacrylate polymers, which in some circumstances evolve monomer 
in quantity before the molecular weight of residual polymer is appreciably reduced. The 
shapes of the molecular weight-time curves and the changes in the concentrations of the three 
types of olefinic double bonds formed (R*CH:CH,, R°CH:CH:R’, and RR’C:CH,) are interpreted 
in terms of a chain-reaction mechanism in which the rupture of weak links, present in very low 
concentration, initiates a further degradation mainly at points adjacent to branches in the 
polymer molecule. 


THEORETICAL treatments of the degradation of polymers have been made by a number of 
authors. Calculations of the changes in average chain length and in the distribution of chain 
lengths have been made statistically; simple treatments based on the assumption, for example, 
that all bonds are equally likely to be degraded (e.g., Montroll and Simha, J. Chem. Physics, 
1940, 8, 721) have been superseded by the more complex treatments necessary when it is 
postulated that there are a number of weaker links in the polymer chain (Jellinek, Trans. 
Faraday Soc., 1944, 40, 266; 1948, 44, 345). A further complication in the theoretical 
treatments is the need to explain the very large amount of monomer produced in the thermal 
degradation of certain polymers such as polystyrene and poly(methyl methacrylate) (Jellinek, 
loc. cit.; Grassie and Melville, Faraday Soc. Discussion, 1947, 2, 378). Such degradations may 
to some extent be regarded as reverse polymerisations, in the sense that when a molecule has 
started to break down, the large radical so formed loses monomer units one after the other until 
the whole polymer molecule has been destroyed. In such a case the average molecular weight 
of the residual polymer remains unchanged, even though as much as 60% of the sample has been 
converted into monomer [as for a poly(methyl methacrylate) sample quoted by Grassie and 
Melville]. 

Grassie and Melville point out that the extreme opposite type of degradation, by random 
bond breaking, leads to a large decrease in the average molecular weight of the residual polymer 
before an appreciable amount of monomer is produced. The thermal decomposition of polymers 
of ethylene at 290—400°, which is now described, approximates to this type of degradation. 

Effect of Temperature and Time of Heating on Molecular Weight.—In the absence of oxygen, 
polyethylene is stable to heat at temperatures up to about 290°, but at higher temperatures the 
molecular weight is decreased, the products of mild degradation being plastics similar to the 
original polythene or hard waxes. More extensive degradation yields semi-solid pastes or 
liquids, but gaseous products are not formed in any appreciable quantity below about 370°, and 
even then ethylene is only a minor constituent of the volatile product (cf. Wall, J. Res. Nat. 
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Bur. Stand., 1948, 41, 315). In this respect polyethylene differs from styrene and methyl 
methacrylate polymers, which yield monomer in large quantity below 300°. The rate of decrease 
of molecular weight of the ethylene polymers increases rapidly as the pyrolysis temperature 
rises. Fig. 1 shows the changes in the intrinsic viscosity of a sample of polythene as a function 
of time at 315° and 360°. 

From the changes in number average molecular weight (estimated from the intrinsic 
viscosities as described on p. 2934) in the experiments of Fig. 1, the amount of degradation was 
calculated in terms of the numbers of carbon-carbon links broken after various times of heating. 
Since every break forms one new molecule, the number Q of polymer chain links broken per gram 
of original material is given by 


Q = N{1/M, — 1/My} 
where M, and M, are the initial and final number average molecular weights and N is Avogadro’s 
number. The results are shown in Fig. 2. 

The reaction rate is seen to fall away as the amount of degradation increases. If all bonds 
were equally likely to break, the plot of amount of degradation against time would be a straight 
line over the range covered in Fig. 2. The broken lines in Fig. 1 show the course of the intrinsic 
viscosity and time curves which would have been found if the initial rate of reaction were 
maintained throughout the course of the experiment. 


Fic. 1. 
Effect of time of heating on intrinsic viscosity at Fic. 2. 


315° and 360°. Effect of time of heating on number of chain 
: ’ links broken. 
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The decrease of reaction rate as the amount of degradation increases could be explained if 
the molecules were more stable as the chain length decreased, or if there were a number of weak 
links in the chains as postulated in the case of polystyrene by Jellinek. The mechanism of 
degradation will be discussed after the properties of the thermal degradation products have 
been described. 

The Chemical Structure of the Degradation Products.—The analysis of the products of thermal 
degradation, like that of polythene itself, corresponds closely to:the empirical formula (CH,),, 
except that oxygen is detected in samples in which air or oxygen is not rigidly excluded, as, 
for example, in the case of samples degraded under ordinary cylinder nitrogen. The most 
important change, as the extent of degradation increases, is that the degree of unsaturation, as 
indicated, e.g., by an iodine value, increases. This is shown in Table I for a series of pyrolysis 
products of molecular weight from 10,000 down to 220. This table also includes a figure for the 
average number of double bonds per molecule calculated from the iodine value (I.V.) and the 
number average molecular weight (M). This figure is seen to be close to 1-0 for the bulk of the 
samples and the products thus approximate closely on the average to mono-olefins at all stages 
of degradation. Confirmation of this is given by quantitative hydrogenation in decalin solution 
in the presence of Adams’s platinum oxide. Results are shown in Table II. 

Iodine numbers or the hydrogenation results give no indication whether the double bonds 
in these degradation products are of the vinyl or polysubstituted ethylene types, but evidence 
on this point is given by the infra-red absorption spectra. 
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TaBLE I. 
Iodine numbers of polythene degradation products. 

Double bonds Double bonds 

M (number average). Vv. per molecule. M (number average). ._ IV. per molecule. 
0-3—0-8 3800 , 1-03 
° 0-81 
0-60 . 0-98 
0-63 P 0-87 
0-76 : 1-13 
0-96 : 1-18 
0-94 ° 0-98 
1-22 1-12 

* These samples were obtained from the samples of molecular weight 365 by vacuum distillation. 


Taste II. 
Hydrogen uptake of polythene degradation products. 


M (number average) 1870 1050 
H, uptake (c.c. at N.T.P. per g.) . 13-0 25-6 
Double bonds per molecule 1-1 1-2 


A number of the samples made during the early stages of this work has been examined by 
Thompson and Torkington (Proc. Roy. Soc., 1945, A, 184, 1) and the spectra of further samples 
have been measured in this laboratory. The main change in the infra-red spectrum as the 
extent of pyrolysis is increased (by increasing the pyrolysis temperature rather than by increasing 
the reaction time) is that the intensity of bands in the 10—12 yp. region (800—1000 cm.-*) 
increases markedly. The bands found in pyrolysed polythene are shown in Table III. 


TaBte III. 


Infra-red bands for unsaturated groups found in pyrolysed polythene. 


Frequency, cm.-? 990 964 887 
Wave-length, » 10-1 10-35 11:3 


Double-bond type R-CH:CH, R-CH:CHR’ RR’C:CH, 





Although a band at 835 cm.+ corresponding to the trialkylethylene type of double bond, 
RR’C:CHR”, has been found in low intensity in one or two polythene samples, it does not 
appear to be formed by pyrolysis. A band at about 700 cm. found in cis-pent-2-ene and 
possibly characteristic of the cis-1 : 2-dialkylethylene group, RCCH:CHR’, has not been observed 
in pyrolysed polythene. By comparing the intensities of absorption at the above frequencies, 
it is possible to follow the production of the various types of double bonds as the extent of 
degradation increases. Extinction coefficients for the bands shown in Table III in semi-solid 
long-chain polymers are not yet known reliably. We have, however, used the average values 
for liquid olefins based on the work of Anderson and Seyfried (Anal. Chem., 1948, 20, 998) to 
estimate the relative proportions of double bonds of the types RCH:CH,, RCH:CHR’, and 
RR’C:CH, in the samples examined by Thompson and Torkington and in samples of even 
lower molecular weight examined here. Table IV shows values of log /,/J for the bands at 
908, 990, 964, and 887 cm.-! taken from the diagrams in Thompson and Torkington’s paper. 
It shows that as molecular weight is decreased the intensities of the bands due to the vinyl 
group increase relatively to the other two, and indeed as the molecular weight approaches 500 
the intensities of the 887 and 964 cm.-! bands seem almost to have reached a steady value. 


TaBLe IV, 
Changes in infra-red absorption due to three types of double bond as extent of pyrolysis increases. 


log I,/I for constant thickness. 
No. of C-C & I,/ nstan icknes: 


links broken per R-CH:CH,,. R-CH:CHR’. RR’C:CH,. 
M of product. g. (x 10778). 908. 990. 887. 
13,000 
(original) 





1 <0-1 , <0-1 


25 0-18 g 0-17 
40 0-23 , 0-24 
52 0-28 ° 0-28 
90 0-49 . 0-30 


1,100 
700 
500 


<0- 
0- 
0- 
0- 
0: 
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Anderson and Seyfried’s coefficients being used, the vinyl group concentration in these 
samples and of two even more degraded samples expressed as a percentage of the total double 
bond concentration is shown in Table V. These results indicate that in the early stages of 
pyrolysis all three types of double bond are formed, but that when the molecular weight has 
dropped below about 1000 virtually no double bonds are formed other than those in vinyl 
groups. 

TABLE V. 
Vinyl group concentration as percentage of total double bond concentration. 


1100 700 500 320 220 
39 41 54 62 72 


TABLE VI. 
Effect of temperature on initial rate of breaking of C-C bonds. 


305° 315° 335° 360° 
0-38 9 19 80 

The Reaction Mechanism.—The intial rates of degradation at temperatures of 295°, 305°, 
315°, 335°, and 360° of the polythene samples for which results are given in Figs. 1 
and 2, expressed in terms of rates of degradation of carbon-carbon links, are shown in Table VI. 
These results correspond to an overall activation energy of 60—70 kcals., a figure similar to 
those found for the thermal degradation of paraffins. Jellinek (Faraday Soc. Discussion, 
1947, 2, 399; J. Polymer Sci., 1949, 4, 13) has reported a change of activation energy of 
depolymerisation of polyethylene at 375—436° from 46 to 66 kcals. as molecular weight is 
increased from 11,000 to 23,000 (using loss in weight as a measure of reaction rate). Our 
experience with a range of ethylene polymers of molecular weight from 9,000 to 23,000 does not, 
however, indicate any significant change with chain length of the activation energy of the 
initial stages of degradation when molecular-weight decrease is used to measure reaction rate. 

It was noted above that the rate of degradation in terms of number of bonds breaking in 
unit time falls away as the extent of degradation increases, and that such an effect could be 
explained as a result either of decreased stability of molecules as molecular weight increases, or 
of the presence of a few weak links in the polymer chain. It is known that in the case of low- 
molecular-weight paraffins in the C,,—C,,, range, the thermal stability decreases as chain 
length increases (Egloff, ‘‘ Reactions of Pure Hydrocarbons,” 1937), but it is hardly to be 
expected that there would be any significant decrease in stability as a direct consequence of an 
increase in chain length from say 100 to 1000 carbon atoms. We have compared the extent of 
degradation of three samples of polyethylene of initial intrinsic viscosities 0°47, 0°69, and 1°12 
when heated for a constant time at various temperatures up to 360°. These results indicate 
rather the reverse effect, the rate of rupture of C-C bonds at 330°, for example, being 
respectively 211 x 1018, 10°9 x 10%8, and 4°8 x 10!® bonds/g./hr. for the low, medium, and 
high molecular-weight samples. 

The alternative hypothesis that there are weak links in the polymer chain seems more 
probable. As to the nature of these weak links, there is as yet no definite evidence, but some 
indication of their concentration is given by a consideration of the molecular weight-time 
relations shown in Figs. 1 and 2. If we assume that the rates of rupture of weak and of normal 
links are proportional to the number of each type of link (w and m) unbroken per molecule 


—dw/dt = kh,w; —dn/dt = kaw (ky > hy) 
the total number of links of each type (S = S, + S,) broken after time #, can be expressed in 
terms of the original proportion « of weak links per molecule and the initial chain length Py. For 
Sy = «Py — wand S, = (l— «)Py — , 
and —In w = kyt — In oP, 
—In n = h,t — In (1 — a)P, 
—In [aP, — Sy] = yt — In «Py 
—In [(1 — a)Po — Sp] = Apt — In (1 — a) Py 


Sw = «Po (1 — e~*#) 
Sp = (1 — @)Py (1 — e~**) 
and the total fraction of bonds broken S7/P, is given by 
S7/Po = (Sy + Sn)/Po = 1 — e~*# + ce—hnt — we—het 
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In the simple case when only weak links are breaking, i.e., when k, = 0, we have S7/P, = 
a (1—e-), The line drawn through the 315° points in Fig. 1 corresponds to the 
rupture of weak bonds only, the value of « being 2°4 x 10+; this corresponds to one weak 
link in every four polymer molecules. It is seen that this gives a fair representation of the 
experimental results. 

Turning now to the results at higher temperature for the same polymer as, for example, the 
360° points given in Fig. 2, it is found that these cannot be explained on the basis that only the 
same proportion of weak links are breaking, for, if this were so, the pyrolysis would virtually 
cease at a value for the number of bonds broken per g. of 1°04 x 10”; nor can the curve 
satisfactorily be explained by introducing rupture of normal carbon-carbon bonds, In this 
case, for the relatively low extent of pyrolysis studied, we have S7/P, = « (1 — e~*#) + yf, 
and whatever values of k, and k, are chosen, a good fit with the 360° points in Fig. 2 is not 
possible unless the value of « is increased. If a is increased to 59 x 10~ the simple equation 
for the rupture of weak bonds only represents the experimental points, as shown by the broken 
line in Fig. 1, without the need to postulate rupture of normal carbon-carbon bonds. 

If « is a measure of the actual proportion of weak bonds in the polymer chain, the significance 
of the need to increase « as temperature rises is that there must be more than one type of weak 
link in the polymer, some being stable at 315° but not at 360°. An alternative explanation 
which seems more probable is that pyrolysis proceeds by a chain reaction initiated by the 
rupture of a weak bond; the effective value of « is then equal to the product of the actual 
proportion of weak bonds a» and the kinetic chain length mz at the temperature of pyrolysis ; 
a can therefore increase with increase in temperature. The true proportion of weak links may 
therefore be even less than the figure of 1 in 4 polymer molecules calculated above. 

The fact that ethylene polymers are thermally unstable at temperatures as low as 290°, 
whereas hexadecane is stable in the absence of catalyst at 390°, does indeed suggest that normal 
CH,-CH, links are not the centre of pyrolysis. That there are chain links in ethylene polymers 
which differ from the normal paraffinic carbon-carbon link is shown by the infra-red spectrum. 
Examples include bonds adjacent to carbonyl or other oxygen-containing groups derived 
from the catalyst or from trace impurities in the monomer, or peroxide groups derived from the 
oxygen catalyst. Other potential weak links are those adjacent to branches in the polymer 
chain. Branches in the polymer chain are known to be as frequent as one for every 50 carbon 
atoms, or 20 per molecule of a polymer such as that to which the results of Figs. 1 and 2 relate. 
It is therefore improbable that these links are the weak links, the existence of which is postulated 
to explain the shape of the molecular weight-time curves. On the other hand, the nature of 
the olefinic groups produced by pyrolysis, and particularly the manner in which the proportions 
of the various types change as the extent of pyrolysis proceeds, suggests very strongly that 
branches in the polymer chain are points of weakness, and it seems possible that pyrolysis 
proceeds by a chain reaction starting at a peroxide or other weak link present in very low 
concentration and propagated mainly through the points of branching in the polymer chain, 
Degradation of an unbranched polymethylene chain in its simplest form yields an alkyl and a 
vinyl group. Thus the first products of the degradation of m-hexane are only A?-olefins 
(Partington and Danby, J., 1948, 2226). The overall reaction may be represented as 


R-CH,CH,CH,R’ —> R-CH:CH, + CH,R’ 
or if the depolymerisation occurs as a free-radical chain reaction a possible mechanism is : 


R”- + R-CHyCH,CH,R’ —> R”H + R-CH-CHyCH,R’ 
R-CH-CH,CH,R’ —> R-CH:CH, + R”CH,- 


and R”CH,- continues the reaction chain by removing a hydrogen atom from another polymer 
molecule, forming R’*CH,. Depolymerisation at a branch can, on the other hand, yield double 
bonds of the three types R*CH:CH,, R-CH:CH’R’, or RR’C:CH,, a possible chain-reaction 
mechanism being 


R’”’- + RR’CH:CH,’CH,R” — R’”H+ RR’CH’CH’CH,R” 
followed by 


RR’CH-CH-CH,R” —> RR’CH:CH:CH, + R’- 
or 


RR’CH:CH’CH,R” — > R:CH:CH:CH,R” + R- 
or, if hydrogen is removed from the tertiary carbon atom : 


RR’¢-CHyCH,R” —> RR'C:CH, + R”-CH,- 
9D 
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If the removal of a hydrogen atom by free radical from the polymer molecule at or adjacent 
to the tertiary carbon atom at a branch occurs more readily than from a length of unbranched 
methylene groups, then in the early stages of depolymerisation all three types of double bond 

* (R°CH:CH,, R*CH°CH-R’, RR’C:CH,) will be formed, while in the later stages, when cracking 
is occurring only at unbranched lengths of chain, only vinyl groups will be produced. This is 
the effect indicated by the infra-red absorption results. 

There is evidence from work on the oxidation of hydrocarbons, including polythene, that 
the hydrogen atoms on the tertiary carbon atoms are more readily removed than on the 
methylene groups, and Rice and Rice (‘‘ The Aliphatic Free Radicals,”” 1937) interpreted the 
cracking of low-molecular-weight paraffins in terms of free-radical chain reactions involving 
removal of hydrogen atoms from tertiary carbon atoms. At 300°, for example, they calculate 
that the probabilities of hydrogen removal from primary, secondary, and tertiary carbon atoms 
are in the ratio 1: 3:33. A comparison of the pyrolysis of two ethylene polymers of similar 
molecular weight synthesised under conditions which give in the one case an unusually straight- 
chain and in the other an unusually branched-chain polymer supports this view (Table VII). 


TaBLe VII. 
Pyrolysis of straight- and branched-chain polymers. 


Pyrolysis conditions : 2 hrs. at 330°. 2 hrs. at 360°. 
Sample. " : A. B. 
Chain branching. » igh. Low. High. 
C-C links broken per g. ( x 10-*°) 5 . 1-06 1-67 
Total double-bond content after pyrolysis (% of C=C by 
infra-red) ; 0-304 0-420 
Vinyl group content (% of C—C by infra-red) 5 0-160 0-180 
Vinyl as % of total double-bond content 39 53 43 
Sample A: [yn] = 0-695, d*° = 0-953, CH,/CH, ratio = ca. 1: 100. 
Sample B: [yn] = 0-725, d*® = 0-916, CH,/CH, ratio = ca. 1: 40. 


These results show that the polymer with the less branched chain produces the higher 


proportion of vinyl group, and that, as in Thompson and Torkington’s results analysed in 
Table IV, the proportion of vinyl groups increases as the degree of degradation increases. 

A further point to support the hypothesis that the tertiary carbon atoms are weak points 
in the polymer chain is the approximate correspondence between the average length of chain 
between branches in normal polythene (about 70 carbon atoms) and the chain length below 
which further degradation produces vinyl groups but not R*CH:CHR’ or RR’C:CH, groups 
(Table IV). 

EXPERIMENTAL. 


In the experiments, the results of which are given in Figs. 1 and 2, samples of about 5—10 g. of 
lythene were heated for the appropriate time in glass tubes in copper block furnaces controlled to 
tter than +4°. The tubes were in some cases evacuated continuously but in one or two cases they 

were filled with oxygen-free nitrogen. No difference was observed between the rate of degradation in 
the nitrogen-filled or the evacuated tubes. For the preparation of larger samples used, for example, 
for the hydrogenation, the infra-red, and the iodine number work, polythene was depolymerised in a 
small continuous apparatus. Molten polythene was forced by nitrogen pressure at a controlled rate 
through a l-cm. Pyrex-glass tube in a tubular furnace. 

Intrinsic viscosities of the samples were measured in tetralin at 75°. In a number of cases number 
average molecular weights were determined from the b. p. elevation of benzene, an apparatus of the 
Menzies and Wright type being used. This was found to give results reproducible to +5% for samples 
of molecular weight up to 3000, and approximate results up to molecular weights of 6000 were obtained. 
A plot of intrinsic viscosity against number average molecular weight for the degraded polythenes, 
supplemented by data from osmotic-pressure measurements on undegraded polythene, although not 
a single line (because of variations in molecular-weight distribution and chain branching) was a band 
narrow enough to make possible the estimation of number average molecular weights from the rapid 
and convenient intrinsic viscosity measurements. The relation [yn] = 1-08M®? x 10 gave number 
average molecular weights which were considered reliable enough for the calculations of rate of 
degradation used above. 

Iodine numbers were determined by a modification of the Wijs method. The sample was dissolved 
in about 10 times its weight of carbon tetrachloride and on cooling formed a finely divided gelatinous 
precipitate which was treated with iodine monochloride solution in glacial acetic acid in the dark for 
3 hours, residual iodine monochloride being determined as usual. In the case of the lower molecular- 
weight samples with iodine numbers of 10 or greater, reproducibility was satisfactory. It has since 
been shown that some substitution occurs with these samples and the iodine values, and hence the 
figures for double bonds per molecule given in Table I, may be up to 10% too high. 

Hydrogenation results were obtained in apparatus similar to that described by Jackson and Jones 
{J., 1936, 895), using as catalyst, Adams’s platinic oxide made as described in Org. Synth., Coll. 
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Vol. I, p. 452. Decalin was used as solvent, and the hydrogenation was done at about 60°. Here again 
results were fairly satisfactory for the lower molecular-weight waxes where the hydrogen absorption was 


of the order of 10—20 c.c. per g., but it was very slow, up to 24 hours being necessary to obtain a constant 
fi 


re. 
lnfee-oud any tg spectra (except those determined by pce a and Torkington) were measured 
in this laboratory by Mr. L. H. Cross, using a Grubb Parsons single-beam recording instrument. 

The authors thank Sir Cyril Hinshelwood for helpful suggestions in connection with this work. 
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620. Gliotoxin. Part II. Degradative and Synthetic Studies on 
Dethiogliotoxin. 
By J. A. Etvipce and F. S. Sprinc. 


It is shown that dethiogliotoxin, like campy contains three hydroxyl groups and, with the 
object of locating these, attempts have been made to obtain monodehydration products from 
dethiogliotoxin. Although the latter is stable to thermal treatment, it is sensitive to dry 
hydrogen chloride, yielding a series of reaction products. Of these, the isomeric compounds 
A and F, C,,H,,0,N,, derived from dethiogliotoxin by the loss of the elements of one molecule 
of water, have received more Ai) on attention. Each of the two isomers yields N-(indole- 
2-carboxy)-N-methylalanine (VI) on alkaline hydrolysis, and we suggest that they are 
stereoisomeric forms of the structure (IV) (or IVa). The alternative structure (III) for these 
isomers is shown to be improbable by experiments designed to synthesise this diol. Oxidation 
of the tetrahydropyrazinoindole (VII) with osmium tetroxide in the presence of pyridine gave 
in high yield the crystalline osmic ester—pyridine complex (VIII) which under relatively mild 
conditions of hydrolysis was degraded to indole-2-carboxymethylamide (X). The intermediate 
cis-diol (III) was not isolated, apparently because it decomposes spontaneously to yield the 
amide (X); that this instability is also shared by the trans-isomer appears probable from an 
attempt to synthesise the latter. Treatment of the tetrahydropyrazinoindole (VII) with 
peracetic acid gives a crystalJline diol monoacetate to which we ascribe the structure (XI). 
Attempts to hydrolyse this ester with mineral acid failed to yield the diol (III) and the action of 
dilute methanolic ammonia afforded the amide (X). Treatment of the diol monoacetate with 
2 : 4-dinitrophenylhydrazine in hydrochloric acid gave the bisdinitrophenylhydrazone of 
methylglyoxal, a result which again indicates profound instability of the diol (III). 

A preliminary account is given of attempts to synthesise a dihydroindole derivative of the 
type (IV). Satisfactory surface-culture production of gliotoxin is described. 


In Part I (Elvidge and Spring, this vol., p. S135) we discussed the points of attachment of the 
disulphide group to the nucleus in gliotoxin. We now report an examination of some of the 
structural features of dethiogliotoxin, the product obtained from gliotoxin by reduction with 
aluminium amalgam. Dethiogliotoxin (II) is represented by Dutcher, Johnson, and Bruce 
(J. Amer. Chem. Soc., 1945, 67, 1736) as a derivative of gliotoxin (I) in which the two sulphur 
atoms of the latter are replaced by two hydrogens. Support for this view was found in the 
close similarity in the ultra-violet absorption spectra of gliotoxin and dethiogliotoxin. Evidence 
in favour of this simple relationship was obtained by Elvidge and Spring, who showed that 
dethiogliotoxin, like gliotoxin, yields a diacyl derivative, and further support is now provided 
by determinations of active hydrogen in gliotoxin and dethiogliotoxin derivatives. By the 
Zerewitinoff method, gliotoxin and its dibenzoate give values corresponding to the presence of 
three and one active hydrogen atoms, respectively. Although dethiogliotoxin gives rather 
low values, its diacetate contains one active hydrogen, and we conclude that dethiogliotoxin, 
like the parent gliotoxin, contains three hydroxyl groups. These results render untenable the 
tentative suggestion (Dutcher, Johnson, and Bruce, loc. cit.) that gliotoxin (and consequently 
dethiogliotoxin) may be hydrated. 


Active-hydrogen determinations. 


Found, %. Calc., %, for: 
Gliotoxin 0-95 3H 0-92 
Gliotoxin dibenzoate 0-24 1H 0-19 
Dethiogliotoxin 0-93, 0-78 2H 0-76; 3H 1-14 
Dethiogliotoxin diacetate 0-39 1H 0-29 


The conversion of dethiogliotoxin into p1i-N-(indole-2-carboxy)-N-methylalanine (VI) 
by treatment with alkali (idem, loc. cit.) requires that the three hydroxyl groups in the 
pyrazinoindole nucleus are at 3 and 4 and either 10 or 11, from which it follows that dethioglio- 
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toxin is to be represented as either (II) or (IIa) and that gliotoxin is either (I) or (Ia). To 
test these formulations, efforts have been made to prepare a mono-dehydration product from 
dethiogliotoxin. Dethiogliotoxin and its acetate sublime unchanged at 230° and 150°, 
respectively, in a high vacuum. Such stability to thermal treatment is remarkable in a 


compound of structure (II) or (IIa). 
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Treatment of a dioxan solution of dethiogliotoxin with hydrogen chloride gave a neutral 
product, compound A, of molecular formula C,,;H,,0,;N,. This compound is derived from 
dethiogliotoxin by the loss of the elements of one molecule of water. Similar treatment of 
dethiogliotoxin in dry methanol gave a mixture from which compound A and a second neutral 
product, compound B, were separated. Analysis of compound B, which does not contain 
methoxyl, established the molecular formula C,,H,,0,;N,; it is thus derived from dethioglio- 
toxin by the addition of the elements of one molecule of water. It is to be noted that 
dethiogliotoxin does not form a hydrate when crystallised from an aqueous solvent. 
Compound B exhibits a double melting point and appears to be a hydrate since on being heated 
in a vacuum it loses water. Less vigorous heating in a high vacuum, followed by crystallisation 
under anhydrous conditions, unexpectedly yielded an isomeric compound B’ which has a simple 
melting point and a different ultra-violet absorption spectrum from that of compound B. 

With ethanol as solvent, treatment of dethiogliotoxin with dry hydrogen chloride gave a 
more complex mixture of products. From the mixture a hydrochloride, compound C, and 
a neutral compound D have been isolated in extremely low yields, insufficient for their 
satisfactory characterisation. In addition two neutral products of this reaction have been 
characterised; these are compound E, which has the molecular formula C,,;H,,0,N, and is 
therefore isomeric with dethiogliotoxin, and compound F which has the molecular formula 
C,3H,,0,N, and is thus derived from dethiogliotoxin by the loss of the elements of one molecule 
of water, and is isomeric with compound A. A method for the isolation of compound F in 
relatively high yield was developed in which dethiogliotoxin is added to methanol previously 
saturated with hydrogen chloride; this observation is but one example of the great variation in 
the course of the reaction following slight changes in the experimental technique. In this 
case, compound F is accompanied by compound G, C,;H,,0,;N,, isomeric with compound B. 
Like compound B, compound G shows a double melting point but this is lower than that of 
compound B. The ultra-violet absorption spectra of the two compounds G and B are 
significantly different. When heated in a high vacuum, compound G loses the elements of two 
molecules of water and gives compound F, a change which appears to be a simple dehydration 
of a hydrate since the ultra-violet absorption spectra of the two compounds G and F are almost 
identical. The spectra referred to are shown below. 

Of these compounds, A and F are of more immediate interest since they both appear to 
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have been obtained from dethiogliotoxin by the loss of one molecule of water. They both 
dissolve in water to yield neutral solutions, and neither reacts with a mineral acid solution of 
2: 4-dinitrophenylhydrazine or gives a coloration with aqueous ferric chloride. When 
hydrolysed with alcoholic potassium hydroxide both compounds A and F give pi-N-(indole-2- 
carbonyl)-N-methylalanine (VI), together with small amounts of a high-melting by-product. 
The compounds A and F thus show some striking similarities to dethiogliotoxin itself. In 
terms of the formulation (II) or (IIa) for dethiogliotoxin, compounds A and F can be 
represented either as (III), in which the hydroxyl group associated with the dihydroindole 
nucleus in dethiogliotoxin has been removed by a dehydration mechanism, or as (IV) or (IVa) 
in which the dehydration has involved the diol system in the pyrazine nucleus of dethioglio- 
toxin. Each of the dehydration compounds A and F contains one active hydrogen 
(Zerewitinoff) which leads us to the view that they are stereoisomers of the structure (IV 
(or IVa). We are confirmed in this view by a consideration of the ultra-violet absorption 
characteristics of the two compounds. Each shows a principal absorption maximum at 
approximately 2500 4.; in comparison, indole-2-carboxymethylamide exhibits an intense 
absorption maximum at 2930 a., as also does the compound (XI) (see below). 


Formula. M. p. [a]p.* 
Dethiogliotoxin C,3H,,.0,N, 248—249° —130° (c, 0-2) t 
Compound A C,3H,,03N, 190 +0° (c, 0-43) 


156 —100°-45° (c, 0-48) 


168 os 
74 and 156 —87°+5° (c, 0-41) 
156 —- 


Cy3H,,0;N, 68 and 149 — 


* Measured in a l-dm. tube in ethanol. t+ Dutcher, Johnson, and Bruce (loc. cit.). 


Compound F is remarkably stable, and when heated in a vacuum it sublimes unchanged. 
Attempts to convert it ([a]p — 100°) into the optically inactive compound A were unsuccessful, 
compound F being recovered unchanged after relatively vigorous treatment with methanolic 
hydrogen chloride. It is of some importance that the diketopiperazine (V), which can be 
considered as derived from compound A or F by the loss of one molecule of water, or as derived 
from dethiogliotoxin by the loss of two molecules of water, is also recovered unchanged after 
treatment with methanolic hydrogen chloride. With alkali the diketopiperazine is hydrolysed 
to pL-N-(indole-2-carboxy)-N-methylalanine (VI), but does not give the high-melting by- 
product obtained under these conditions from compounds A and F and from dethiogliotoxin. 

Concomitantly with the examination of the dehydration products A and F, attempts have 
been made to synthesise compounds of the structures (III) and (IV). A synthesis of (III) was 
attempted by direct hydroxylation of 3’-keto-4’ : 5’-dimethyl-1’ : 2’: 3’ : 4’-tetrahydropyrazino- 
(1’ : 2’-1 : 2)indole (VII), with results which have a bearing on the structure of the compounds 
A and F. With ¢ert.-butyl hydroperoxide in #ert.-butanol containing a trace of osmium 
tetroxide (Milas and Sussman, J. Amer. Chem. Soc., 1936, 58, 1302) (VII) underwent no change. 
Treatment of (VII) in benzene with osmium tetroxide and pyridine on the other hand gave a 
crystalline osmic ester complex (VIII) in high yield. Evidence that the double bond between 
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positions 2 and 3 was not involved in this reaction was provided by the observation that 
methyl 1-methylindole-2-carboxylate (IX) did not give a similar osmic ester complex even 
after a considerably longer reaction period than that employed in the case of (VII). Treatment 
of the osmic ester complex (VIII) with the calculated quantity of potassium hydroxide in the 
presence of mannitol (cf. Criegee, Marchand, and Wannowius, Annalen, 1942, 550, 99) gave 
indole-2-carboxymethylamide (X). This reaction represents a degradation of the cis-diol 
(III), the product expected from the decomposition of the osmic ester complex. Decomposition 
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of the complex with sodium sulphite (cf. Wieland and Benend, Ber., 1942, 75, 1708) also gave 
indole-2-carboxymethylamide in excellent yield. Although this instability appeared to 
eliminate (III) as a possible structure for compounds A and F, it was conceivable that the 
instability was a property of the cis-diol as distinct from the tvans-isomer. Efforts were 
therefore made to synthesise the latter. Oxidation of 3’-keto-4’ : 5’-dimethyl-I’ : 2’: 3’: 4’. 
tetrahydropyrazino(1’ : 2’-1 : 2)indole (VII) with performic acid rapidly gave a deep green, 
high-melting, amorphous compound. On using peracetic acid, however, a crystalline compound 
C,;H,,O,N, was obtained which we consider is the monoacetate (XI) of the required trans-diol. 
An attempt to convert this acetate into the diol (III) by storage in cold dilute methanolic 
ammonia, as in the successful hydrolysis of dethiogliotoxin diacetate (Part I, this vol., p. S135) 
resulted in the formation of indole-2-carboxymethylamide in good yield. When treated with 
2 : 4-dinitrophenylhydrazine in hydrochloric acid, 
44 the acetate slowly gave the bis-2 : 4-dinitrophenyl- 
hydrazone of methylglyoxal. These reactions 
42 indicate a marked instability of the tvans-diol (III) ; in 
the latter case the larger fragment of the degradation 
(indole-2-carboxylic acid or its N-methylamide) 
eluded isolation. Hydrolysis of the trans-diol mono- 
acetate with mineral acid unexpectedly gave a 
product closely resembling that obtained by direct 
oxidation of (VII) with performic acid. 

It is clear that both the cis- and the tvans-isomer 
of the diol (III) are extremely sensitive. In our 
opinion, the observations described above point to 
an alternative structure for the compounds A and 
F, and stereoisomeric forms of (IV) or (IVa) appear 
to be satisfactory. It is also evident that in 
AA. 3000 dethiogliotoxin the hydroxylated hydropyrazine 

; ‘ € ring, if present as shown in (II) or (IIa), must be 
2 : 5-Diketo-3’- acetoxy -6-methylindolo(1’:2’- considerably stabilised. Curiously, the relative 
3 : 4)morpholine (XV; R= Ac). —————— nae : at 
Methyl 3-acetoxy-1-lactylindole-2-carboxylate stability seems to be achieved through the proximity 
of a hydroxydihydroindole system, a system itself 
normally regarded as unstable. 

The synthesis of the dihydroindole derivative (IV), for comparison with compounds A and 
F, may be expected to offer some difficulty. 2: 3-Dihydroindoxyl and its N-acetyl derivative 
have been described (B.P. 326,523; Zenir., 1930, II, 811; D.R.-PP. 516,675, 518,515; Zenir., 
1931, I, 1832; 1931, II, 2388). They are apparently stable crystalline compounds, although 
they revert to indole and N-acetylindole, respectively, when heated in neutral, acid, or alkaline 
aqueous suspension. Our first objective was 3-hydroxy-3’ : 6’-diketo-4’ : 5’-dimethylpiperazino- 














(XIII.) 


(1’: 2’-1: 2)indole (XII), the reduction of which to (IV) appears feasible. Treatment of 
o-carbomethoxyphenylglycine methyl ester with acetyl-lactyl chloride gave N-lactyl-N-o-carbo- 
methoxyphenylglycine methyl ester (XIII), the condensation being accompanied by deacetylation. 
The N-lactyl derivative (XIII) was treated with sodium methoxide with the object of obtaining 
methyl N-lactylindoxylate (XIV; R= H). Instead, there was obtained a compound 
C,,H,O,N which has pseudo-acidic properties and is clearly 3’-hydroxy-2 : 5-diketo-6- 
methylindolo(\’ : 2’-3: 4)morpholine (XV; R=H). This compound gives a neutral acetate 
(XV; R= Ac). With the object of converting (KV; R= H) into (XII) the pseudo-acid 
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was treated with methylamine. Reaction at 70° gave rise to indoxyl-2-carboxymethylamide 
(XVI), presumably by opening of the lactone ring in (KV; R = H) followed by removal of 
the l-lactyl grouping. The product of reaction in the cold, however, was a methylamine salt 
which was also obtained by treatment of the monoacetate (XV; R = Ac) with methylamine. 
Treatment of the salt with mineral acid regenerated the compound (XV; R=H). The 
structures ascribed to the pseudo-acid and its acetate receive confirmation from a consideration 
of the ultra-violet absorption characteristics (see figure). The spectrum of the acetate (XV; 
R = Ac) is very similar to that of methyl 3-acetoxy-1-lactylindole-2-carboxylate (XIV; R = Ac) 
which was obtained by treatment of methyl 3-acetoxyindole-2-carboxylate with O-acetyl- 
lactyl chloride: again the acylation is accompanied by deacetylation. Appropriate routes 
are now being sought for the conversion of (XIV; R = Ac) and (XV) into (XII). 


EXPERIMENTAL, 


The culture conditions most suited to the production of gliotoxin by means of Gliocladium 
fimbriatum have been studied by Weindling (for bibliography, see Elvidge and Spring, this vol., p. S135). 
It appeared clear from this work that a shake-culture technique was most suited for the production of 
gliotoxin in high yield. Since a shake-culture has marked limitations, alternative methods were 
examined by Johnson, Bruce, and Dutcher. None of these methods gave a yield of gliotoxin approaching 
that obtained by using a shake-culture, and consequently Johnson et al. developed a shaking machine 
with a capacity of 60 1. In our earlier work using Tric yma viride (strain 211) we avoided the 
mechanical difficulties inherent in a shake-culture by employing Brian’s drip-culture technique which in 
our hands gave yields of approximately 80 mg./l. or a total of 8 g. over a period of 40 days. We now 
find that a surface culture of Trichoderma viride (strain 211) on Weindling’s medium (pH 3-5) gives 
considerably higher yields of gliotoxin (up to 140 mg./l. in a few days) if the optimum temperature 
of 28° is maintained. Under these conditions, production of gliotoxin is rapid and the metabolite is 
not contaminated with pigment. Using the drip-culture technique we had observed that,. provided 
aeration was efficient, pigment formation became apparent to a slight degree only after the culture had 
grown for several weeks. However, if aeration was stopped, pigment was formed in appreciable 
quantity. Irrespective of the method of culture of Trichoderma viride (strain 211) pigment formation 
tends to increase with the age of the culture but it can be inhibited by ample aeration. Consequently, 
with a surface culture technique (no aeration) the gliotoxin is purer the shorter the culture time, and 
this implies culturing at an optimum temperature. Purification of pigment-contaminated gliotoxin 
can be achieved by repeated crystallisation from ethyl acetate or by chromatography in benzene on 
acid-washed alumina (pH 3—4). 

Sublimation of Dethiogliotoxin and its Acetate.—Dethiogliotoxin (ca. 50 mg.), m. p. 248—249° 
(decomp.), was kept at 230°/3 x 10° mm. Sublimation occurred slowly to yield a dense white solid 
(30 mg.) during 8—9 hours. The sublimate had m. p. 240—248° (decomp.), undepressed in admixture 
with dethiogliotoxin. 

Dethiogliotoxin diacetate (12 mg., m. p. 175°) sublimed completely at 150°/10* mm. “eo 
1-5 hours. a sublimate had m. p. 170—174° and a mixture with the starting material ha 
m. p. 171—175°. 

ya of Hydrogen Chloride on Dethiogliotoxin.—(a) A solution of dethiogliotoxin (50 mg.) in dry 
dioxan (15 c.c.) was saturated with anhydrous hydrogen chloride and after 16 hours at room temperature 
the solution was evaporated under reduced pressure. Treatment of the gummy residue with acetone 
induced crystallisation. The solid (small prisms) was washed with -propanol and then had m. p. 
181—185°, not depressed when mixed with compound A described below. o other solid product was 
isolated. 


ted 
(b) A solution of dethiogliotoxin (600 mg.) in dry methanol (80 c.c.) was cooled in ice and saturated 
with —— hydrogen chloride. After 14 hours at room temperature, the solution was evaporated 


under uced pressure, and the residual gum dissolved in methanol (2 c.c.). The solution was filtered 
from a trace of insoluble matter, ether was added almost to turbidity, and the solution allowed to 
evaporate spontaneously. During 3 days a crop of prismatic crystals (96 mg.; m. p. 184—188°) 
separated; they gave a negative Beilstein test. Sublimation at 160—165°/10* mm. followed by 
recrystallisation from dioxan-light petroleum (b. p. 60—80°) yielded compound A as triangular tablets, 
m. p. 190° (Found: C, 63-6; H, 5-9; N, 11-2; C-Me, 3-4, 3-8; active H, 0-46. C,,;H,,O,N, requires 
C, 63-4; H, 5-7; N, 11-4; 1 C-Me, 6-1; 1 active H, 0-41%). Compound A dissolves in hot water to 
give a neutral solution and does not react with 2 : 4-dinitrophenylhydrazine in 5n-hydrochloric acid. 

The ethereal methanolic mother-liquors from compound A were evaporated under reduced pressure, 
and the residue dissolved in a little warm water. Overnight, a mass of needle-shaped crystals (97 mg. ; 
m. p. 69—72° with gradual resolidification and then m. p. 156°) ted. Concentration of the filtrate 
in vacuo over calcium chloride gave a second crop (89 mg.) of the same compound. From hot water 
(the solution is neutral) compound B crystallised as needles, m. p. ca. 74° (depending on rate of heating) 
with resolidification and then m. & 156° (Found, on an air-dried specimen: C, 55-5; H, 6-4; N, 10-4; 
OMe, 0-0. C,,;H,,0,;N, requires C, 55-3; H, 6-4; N, 9-9%). 

(c) Dry hydrogen chloride was passed into a cooled suspension of dethiogliotoxin (807 mg.) in ethanol 
(80 c.c.) and the solution, nearly saturated with hydrogen chloride, was kept at room temperature for 
16 hours. The solvent was removed by distillation under reduced pressure, and the gum dissolved in 
ethanol and treated with ether. A trace of brown flocculent solid was removed by filtration, and the 
clear pale-brown solution allowed to evaporate spontaneously; a crop of prismatic crystals [56 mg. ; 
m. p. 172—-174° (decomp.)] separated. Recrystallisation from ethanol gave compound C as small 
rectangular prisms, m. p. 196° Vecceenpd (Found: C, 49-65; H, 5-9; N, 7-7%). It gives a positive 
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Beilstein reaction, and a curdy white precipitate immediately with aqueous ethanolic silver nitrate and 
dilute nitric acid. Light absorption in ethanol: rising end-absorption only. 

The ethanolic mother-liquors from compound C were evaporated under reduced pressure, the viscous 
oil was redissolved in absolute ethanol, and the solution diluted with ether. Spontaneous evaporation 
was accompanied by crystallisation to yield prisms (151 mg.), m. p. 150—153°. Recrystallisation of 
the prisms from ethanol-ether gave a mixture of (i) small stout prisms (26 mg.), m. p. 178—180°, and 
(ii) clusters of laths (13-5 mg.), m. p. 150—152°, which were separated mechanically. Recrystallisation 
of fraction (i) from dioxan-light petroleum and then from ethanol-water gave compound D as prismatic 
needles, m. p. 204° (Found: C, 74:25; H, 8-0; N, 133%). Light absorption in ethanol: maximum 
at 2560 4., Ei% = 604. 

The mother-liquors from fractions (i) and (ii) were evaporated under reduced pressure, and the 
residue fractionally crystallised from dioxan-light petroleum (b. p. 60—80°) to yield (iii) prisms (52 mg.), 
m. p. 150—165°, and (iv) needles (8-5 mg.), m. p. 168°. Fraction (iii) was chromatographed in ethanol 
(4 c.c.) on a column (15 x 1 cm.) of alumina (Light’s, activated at 200° for 14 hours), and by continued 
elution with ethanol, collection of fractions and evaporation of solvent, the following fractions were 
obtained: (v) prismatic needles (23 mg.), m. p. 153°, (vi) prisms (11 mg.), m. p. 161—164°, and (vii) 

risms (2 mg.), m. p. 162—165°. Fractions (ii) and (v) were combined and recrystallised from dioxan- 
ight petroleum (b. p. 60—-80°) to give prismatic needles, m. p. 155—156°, identified (mixed m. p.) with 
compound F described below (Found: N, 11-7%). Light absorption in ethanol: Max. at 2540a., 
e = 9930, and 2820 a., e = 3800. 

Fractions (iv), (vi), and (vii) were combined and recrystallised from dioxan-light petroleum (b. p, 
60—80°) to give compound E as needles, m. p. 168° with slight softening at ca. 70° (Found: C, 59-4; 
H, 6-5; N, 10-4. C,3H,,0,N, requires C, 59-1; H, 6-1; N, 10-6%). 

d) Dry methanol (80 c.c.) was saturated at 0° with anhydrous hydrogen chloride. Dethiogliotoxin 
(600 mg.) was added, and the solution kept at room temperature for 24 hours. Evaporation under 
reduced pressure yielded a gummy residue which was redissolved in methanol (2 c.c.). Ether was added 
in amount nearly sufficient to cause turbidity, and the solution allowed to evaporate spontaneously ; 
prismatic crystals (159 mg.; m. p. 154—156°) (filtrate A) separated slowly. Recrystallisation from 
dioxan-light petroleum (b. p. 60—80°) gave compound F as sheaves of laths, m. p. 156° (Found: C, 
63-5, 63-4; H, 5-7, 5-8; N, 11:7; active H, 0-30. C,,;H,,0,;N, requires C, 63-4; H, 5-7; N, 11-4; 
I active H, 0-41%). Compound F gave a neutral solution in hot water. When heated at 
140°/2 x 10-* mm., it slowly gave a hard glassy sublimate which gradually crystallised and then had 
m. p. 154—155° undepressed in admixture with the starting material. 

A solution of compound F (10 mg.) in methanol (10 c.c.) which had been saturated with dry hydrogen 
chloride was kept at 40—50° for 35 minutes. Evaporation of the solvent under reduced pressure left a 
residue which crystallised completely. Recrystallisation from dry dioxan-light petroleum gave 
prismatic needles (9 mg.), m. p. 156° not depressed in admixture with the starting material. Light 
absorption in ethanol: Max. at 2530 4., e = 11,000, and inflection at 2850 a., e = 6600. 

The filtrate A was evaporated under reduced pressure, and the residual gum dissolved in a little 
warm water. On cooling, a crop of needles (165 mg.; m. p. ca. 130°) rapidly separated. 
Recrystallisation from hot water (the solution is neutral) gave compound G as laths which softened at 
ca. 68° (depending on rate of heating) and then resolidified with m. p. 149°; the higher m. p. was not 
raised on repeated crystallisation from water (Found: C, 55-4; H, 6-4; N, 9-9. C,,;H,,0,;N, requires 
C, 55:3; H, 6-4; N, 9-9%). 

Action of Heat on Compound B.—(a) A recrystallised specimen of compound B was dried at 78° in 
vacuo for 2 hours. The product sintered and then had m. p. 150—156° (Found: C, 60-2; H, 6-0; 
N, 11-1. (C,3H,,0;N, — 14H,O) requires C, 61-2; H, 5-9; N 110%). Light absorption in ethanol: 
Max. at 2520 a., e = 12,000 

(6) Compound B (8 mg.) was heated at 120°/10-* mm. for 6-5 hours during which time sublimation 
was slight. The solid had m. p. ca. 153° (Found: N, 12-1%). Light absorption in ethanol: maxima 
at 2540 a., Ei%, = 371, and 2580 a., E}%, = 62. 

(c) Compound B was dried at 56° im vacuo for 1-5 hours and recrystallised from dry dioxan-ether 
to yield compound B’ as sheaves of laths, m. p. 156° (Found: C, 55-5; H, 6-6; N, 10-0; active H, 1-36. 
C,;H,,0,N, requires C, 55-3; H, 6-4; N, 9-9; 4 active H, 1-42%). 

Conversion of Compound G into Compound F.—Compound G (10 mg.) was heated at 
100°/5 x 10°° mm. for 1-5 hours. Practically no sublimation occurred, but the substance sintered to 
a hard cake, m. p. 153—154°, which on crystallisation from dioxan-light petroleum (b. p. 60—80°) 
yielded prismatic laths, m. p. 154—156°, identified by mixed m. p. as compound F. 

Alkaline Hydrolysis of Compounds F and A.—Compound F (35 mg.) was heated under reflux with 
methanolic 2N-potassium hydroxide (1-5 c.c.). A solid separated almost at once. After 10 minutes 
the solid (9-6 mg.; m. p. 365—370° with charring) was collected and washed with methanol. This 
solid left no residue when ignited on platinum foil. The filtrate was acidified with concentrated 
hydrochloric acid and evaporated to dryness under reduced pressure. The residue was extracted with 
boiling acetone (4 x 5c.c.), the filtered extract evaporated, and the residue crystallised from chloroform- 
light petroleum (b. p. 60—80°) to yield N-(indole-2-carboxy)-N-methylalanine (17-5 mg.), m. p. 
179—181°, identified by its solubility (with effervescence) in sodium hydrogen carbonate solution and 
by mixed m. p. with an authentic specimen (Found: N, 11-6. Calc. for C,s;H,,O,N,: N, 11-4%). 

Similar hydrolysis of compound A (10 mg.) with methanolic potassium hydroxide (1 c.c.; 2N) gave 
an insoluble fraction (2 mg., m. p. >350°) and N-(indole-2-carboxy)-N-methylalanine (3-5 mg.), m. p. 
170—173°, undepressed (m. p. 173—178°) when mixed with an authentic specimen (m. p. 183—185°). 

Treatment of the Diketopiperazine (V) with Methanolic Hydrogen Chloride.—A solution of the diketo- 

iperazine (20 mg.) (Johnson, Andreen, and Holley, J. Amer. Chem. Soc., 1947, 69, 2370) in methanol 
10 c.c.) which had n saturated with dry hydrogen chloride was kept at room temperature for 
24 hours, then evaporated under reduced pressure. The residue was taken up in methanol (a few drops) 
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and ether was added. On storage, prismatic crystals (19 mg.) separated, m. p. 121—122°, not 
depressed in admixture with the starting material. 

Hydroxylation of 3’-Keto-4’ : 5’-dimethyl-\’ : 2’ : 3’ : 4’-tetrahydropyrazino(\’ : 2’-1 : 2)indole (VII).— 
(a) A solution of the pyrazinoindole (424 mg.) in anhydrous benzene (100 c.c.) containing pyridine 
(0-32 c.c.) was treated with osmium tetroxide (510 mg.). A deep reddish-brown coloration rapidly 
developed and within 2 hours dark brown prismatic crystals began to separate. After 3 days the osmic 
ester-pyridine complex (which contained benzene of crystallisation) was collected (1-064 g.; 
decomp. x Boy cag C, 50:2; H, 4:35; N, 8-0. €,;H,,0,N,0s,2C,H,N,C,H, requires C, 49-6; 
H, 4-0; oo ‘O/* 

The osmium complex (1-014 g.) was shaken for 1 hour with ethanol (5-9 c.c.) and 0-553N-potassium 
hydroxide (5-9 c.c.) in the presence of mannitol (400 mg.), and the solution evaporated under reduced 
pressure at room temperature. The residue was dissolved in a little water, and the solution extracted 
with ethyl acetate (4 x 100 c.c.). The extract was washed with water, evaporated under reduced 
pressure, and the crystalline residue recrystallised from benzene containing a little ethyl acetate to 
yield indole-2-carboxymethylamide as needles (41 mg.), m. p. 220° (Found: N, 16-4. Calc. for 
CyHy»ON,: N, 16-1%). Light absorption in ethanol: Max. at 2930 a., « = 18,700. The m. p. was 
not depressed when the substance was mixed with an authentic specimen. 

The osmic ester complex (500 mg.) in ethanol (30 c.c.) was heated under reflux with sodium sulphite 
(5 g.) in water (20 c.c.). After 60 minutes, ethanol (150 c.c.) was added, and when the precipitate had 
settled, the supernatant liquor was decanted. The solid was further extracted with boiling ethanol 
(2 x 25 c.c.) and the combined ethanolic extracts evaporated under reduced pressure to yield a 
crystalline residue. The material separated in needles (95 mg.; 77%) from benzene and had m. p. 220° 
undepressed in admixture with indole-2-carboxymethylamide. 

(b) The pyrazinoindole (400 mg.) in acetic acid (30 c.c.) was treated with hydrogen peroxide 
(0-5 c.c.; 100-vol.) and after 4 days the yellowish-green solution was evaporated under reduced pressure. 
The dark green residue was dissolved in ethyl acetate, and the solution washed with aqueous sodium 
hydrogen carbonate and water, and dried (Na,SO,). The solution was concentrated under reduced 
pressure to small bulk, ether was added, and on spontaneous evaporation, small prisms (200 mg.) slowly 
separated. From a very small volume of ethyl acetate, on addition of ethylene dichloride, the acetate 
(XI) crystallised as minute _—— m. p. 146° (frothing) (Found: C, 62-3; H, 6-2; N,9-4. C,,H,,0O,N, 
requires C, 62-5; H, 5-55; 9-7%). Light absorption in ethanol: Max. at 2970 a., e = 22,000. he 
acetate is insoluble in warm water and aqueous sodium hydrogen carbonate and does not give a 
coloration with ferric chloride in aqueous methanol, or with Schiff’s reagent: Tollens’s reagent was 
not reduced. 

A solution of the monoacetate (18 mg.) in ethanol (2 c.c.) was treated at room temperature with 
2: 4-dinitrophenylhydrazine in 2N-hydrochloric acid (30 c.c.). A turbidity. appeared within 
30 minutes. After 48 hours, the orange-red precipitate was collected, washed with ethanol, and dried 
(yield, 20 mg.; m. p. ca. 285—295°). With methanolic potassium hydroxide, a trace of the precipitate 
gave an intense purplish-blue coloration, a reaction characteristic of a dinitrophenylosazone (Strain, 
J. Amer. Chem. Soc., 1935, 57, 758). A solution of the solid in nitrobenzene was treated with a little 
alcohol, and small orange-red prismatic needles separated, m. p. 300—301°, undepressed in admixture 
with an authentic specimen, m. p. 300—301°, of the bis-2 : 4-dinitrophenylhydrazone of methylglyoxal. 

The filtrate from the bis-2 : 4-dinitrophenylhydrazone was treated with acetone (0-5 c.c.) to remove 
excess of dinitrophenylhydrazine and, after filtration, the solution was evaporated to dryness under 
reduced pressure. The residual solid was shaken with aqueous sodium carbonate (2 c.c.), and the 
extract acidified with hydrochloric acid and evaporated to dryness. The salt was extracted with hot 
racetone (4 X 5 c.c.), and the extract evaporated. To the trace of residue, alcoholic ~-dimethylamino- 
benzaldehyde (3 drops) was added followed by concentrated hydrochloric acid (2 drops). There was 
no coloration. A portion of the yellow-brown solid which had been shaken with sodium carbonate 
solution was similarly treated with the Ehrlich reagent. A fine stable green coloration resulted; 
indole-2-carboxylic acid similarly treated gave a pink-violet colour. 

The monoacetate (14 mg.) in methanolic hydrogen chloride was kept at room temperature for 
15 hours. Evaporation of the solution under reduced pressure afforded a greenish amorphous solid 
which had a very high m. p. 

A solution of the monoacetate (30 mg.) in methanol (2 c.c.) was treated with ammonia (3 drops; 
d 0-880) overnight and then evaporated at room temperature under reduced pressure. The crystalline 
residue (14 mg.; 78%) had m. p. 220—221°, alone or when mixed with a specimen of indole-2-carboxy- 
methylamide of m. p. 220—221°. 

oF Lasish-t-o-anchemnithansphenstdipeias Methyl Estey (XIII)—A mixture of N-o-carbomethoxy- 

henylglycine methyl ester (4-3 g.) (Vorlander and von Schilling, Annalen, 1898, 301, 349), dry pyridine 
40 c.c.), and O-acetyl-lactyl chloride (2-8 g.) was heated on the steam-bath for 3 hours. Next day, 
the excess of pyridine was distilled off under reduced pressure, the residue taken up in chloroform, and 
the solution washed with dilute hydrochloric acid, sodium hydrogen carbonate solution, and water, and 
finally evaporated; the residue slowly crystallised. Recrystallisation from methanol—water gave the 
original ester as needles, m. p. 93—94°, and, after dilution of the mother-liquor with water, a second 
crop (1-5 g.) as prisms, m. p. 70—80°, which on recrystallisation from methanol-water, gave N-lactyl- 
N-o-carbomethoxyphenylglycine methyl ester as prisms, m. p. 80° (Found: C, 56-9; H, 5-6; N, 4-9, 5-0. 
C,,H,,0,N requires C, 56-9; H, 5-8; N, 475%). With ferric chloride in aqueous methanol it gave a 
yellow coloration. 

3’-Hydroxy-2 : 5-diketo-6-methylindolo(1’ : 2’-3 : 4)morpholine (KV; R = H).—The preceding lactyl 
ester (19-1 g.) was heated under reflux in benzene (100 c.c.) with powdered sodium (2 g.). As no reaction 
appeared to have taken place during 3 hours, methanol (3-5 c.c.) was added and refluxing continued for 
9 hours. During this time a white solid separated. The benzene was evaporated off under reduced 
pressure, and the solid residue treated with ice and water. The filtered aqueous solution was acidified 
with acetic acid, and the precipitate (7-9 g.) crystallised from methanol to give 3’-hydroxy-2 : 5-diketo-6- 
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methylindolo(1’ : 2’-3 : 4)morpholine as silky needles, m. p. 204° (Found: C, 61-9, 62-3; H, 3-9, 41; 
N, 5°8. C,,H,O,N requires C, 62-3; H, 3-9; N, 6-1%). This is soluble in dilute aqueous alkalis and 
gives a deep greenish-blue coloration with ferric chloride in aqueous ethanol. It was recovered 
unchanged after 3 hours’ shaking in ethyl acetate solution with hydrogen at atmospheric pressure in 
the presence of Adams’s catalyst. 

Acetyl derivative (KV; R= Ac). A solution of (XV; R = H) (0-5 g.) in acetic anhydride (10 c.c.) 
was heated under reflux for one hour and then evaporated under reduced pressure. Crystallisation of 
the solid residue (0-5 g.) from ethanol gave the acetyl derivative as laths, m. p. 141°; it does not givea 
coloration with the ferric chloride reagent (Found: C, 61-5; H, 4:2; N, 5-4. C,,H,,O,N requires C, 
61-5; H, 4:0; N, 5-1%). 

Treatment of the acetyl derivative in ethanol with ethanolic methylamine rapidly precipitated a 
substance as needles, m. p. 215—219° (decomp.), identified with the salt described below. 

Action of Methylamine on 3’-Hydroxy-2 : 5-diketo-6-methylindolo(1’ : 2’-3 : 4)morpholine—(a) A 
solution of the hydroxyindolomorpholine (1 g.) in hot ethanol was treated with excess of methylamine, 
The voluminous precipitate was collected after 30 minutes, recrystallised from hot water, and washed 
with ethanol aod ether. The methylamine salt forms felted needles, m. p. 221—222° (decomp.), and 
gives a greenish-blue coloration with aqueous ferric chloride (Found: C, 59-3; H, 5-2; 6. 
C,3;H,,0,N, requires C, 59-5; H, 5-3; N, 10-7%). 

Acidification of an aqueous solution of the salt with dilute hydrochloric acid gave 3’-hydroxy-2 : §- 
diketo-6-methylindolo(1’ : 2’-3 : 4)morpholine, m. p. 204°. 

(b) The hydroxyindolomorpholine (0-5 g.) was heated with excess of liquid methylamine (10 c.c.) in 
a sealed tube at 70° for 14 hours. Evaporation of the methylamine left a solid residue (0-3 g.) which 
was washed with dilute hydrochloric acid. Recrystallisation from ethanol—water gave prismatic needles, 
m. p. 240—242° (decomp.), of indoxyl-2-carboxymethylamide (Found: C, 62-6; H, 5-1; N, 14:8. 
C19H O,N, requires C, 63-15; H, 5-3; N, 14-7%). 

Methyl 3-Acetoxy-1-lactylindole-2-carboxylate——A solution of methyl 3-acetoxyindole-2-carboxylate 
(2-8 g.) in dry pyridine (20 c.c.) was treated with O-acetyl-lactyl chloride (1-9 g.) and heated for 8 hours 
at 100°. After being kept at room temperature for 18 days, the mixture was evaporated under reduced 
pressure, the residue dissolved in chloroform, and the solution washed with dilute hydrochloric acid, 
aqueous sodium hydrogen carbonate, and water. Evaporation of the chloroform gave a brown gum 
which was dissolved in methanol (15 c.c.). After standing over-night, solid separated (0-5 g.; 
m. p. >200°). The filtrate was evaporated to yield a crystalline residue (2-1 g.; m. p. 90—110°). 
Recrystallisation from methanol-water gave methyl 3-acetoxy-1-lactylindole-2-carboxylate as plates, 
m. p. 128° (Found: C, 59-0; H, 5-2; N, 4-6, 4-7. C,,;H,,0,N requires C, 59-1; H, 4-9; N, 46%). 
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621. The Mechanism of Formation of Dialkylchloroamines from 
Hypochlorous Acid. 


By C. R. Epmonp and F. G. Soper. 


The specific rate of interaction of dialkylamines and hypochlorous acid is very fast in 
near-neutral solution, but decreases in acid solution, becoming measurable at pH 3. The 
kinetic data fit either an interaction of neutral dialkylamine with hypochlorous acid or an 
interaction of h hlorite ions with amine cations. The reaction rate is affected by neutral 
salt, but is not affected at constant pH by the concentration of free acid in the buffer. In this 
latter respect the reaction resembles the interaction of hypochlorous acid with anilides, whereas 
with amides believed to exist in an isoamide form, acid catalysis is marked. 


Tue kinetics of the formation of N-chloroacetanilide from acetanilide and hypochlorous acid 
in buffered aqueous solution can be expressed over the examined pH range of 5 to 8 by the 
equation v = k,°“'[OCI~ [acetanilide] (Mauger and Soper, J., 1946, 71). For certain amides, ¢.g., 
N-methylacetamide and acetylglycine, an additional mechanism of N-chlorination operates 
which had been explained in terms of a possible structural difference between these amides and 
the anilides. In the N-chlorination of the above amides but not in the case of anilides, a strong 
catalysing influence is observed owing to the acid component of the buffer mixture, employed 
in stabilising the pH of the solution, giving an overall rate of N-chlorination which can be 
represented as 
v = k,°O(OCI-][amide] + 24°c([HOCI)[AcOH] [amide] 


Since there is other evidence for the existence of acyl hypochlorites the second term was regarded 
as due to a reaction of acyl hypochlorite present in small concentration and formed by the 
reversible reaction HOC] + AcOH a AcOCl + H,O. A similar dependence of the rate of 
iodination on the free acid concentration of the buffer solution appears in the iodination of 
phenol (Painter and Soper, J., 1947, 342). 

Such acid catalysis cannot be due to a reversible reaction producing positive chlorine, 
AcOH + HOCI == Cl* + AcO- + H,O, since the concentration of acylate ion does not 
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affect the catalysis, whereas, if the above equilibrium were established, an increased concentration 
of acylate ions should decrease the rate. Small concentrations of acyl hypochlorite may, however, 
be expected to increase the rate of chlorination above that observed when using hypochlorous 
acid since acyl hypochlorites would tend to release positive chlorine much more easily in the 
intermediate critical complex. This assertion is based on a comparison of the relative ease of 
ionisation of acyl hypochlorite and of hypochlorous acid to form positive chlorine ions as given 
by their relative ionisation constants. Whilst the relative ease of release of positive chlorine by 
a series of reagents to a nucleophilic centre would not be expected to be strictly parallel to their 
ionisation constants [R~]}[Cl*]/[RCI] owing, in ionisation equilibria, to stabilising influences on 
the ions due to hydration and resonance, nevertheless some degree of parallelism might be 
expected, and a reagent which could ionise relatively easily in water into positive chlorine should, 
when acting molecularly in substitution, release positive chlorine more easily to the nucleophilic 
centre than one in which the ionisation into positive chlorine is relatively difficult. The ratio 
of the ionisation constants of the reactions, 


AcOCl = AcO~ + CI+ HOC] = OH™- + Ci* 


is given by [AcO~][HOCI]/[AcOCI][OH-]. But since in a mixture of HOC] and AcOH, the 
equilibrium amount of the mixed anhydride AcOC1 is slight, the ratio of the chlorinating efficiency 
of a mixture of HOCl and AcOH, based on its AcOCI content, will be less than that of AcOCI by 
a factor equal to the equilibrium constant [AcOCI]/[HOCI][AcOH]. Hence the chlorinating 
efficiency of a mixture of ACOH and HOCI, compared with that of HOCI alone, will on the above 
assumption be given by 


[AcO-][HOCI]  [AcOCT] [AcO-][H*] Aa 
[AcOCI][OH-] ‘ [HOCI][AcOH] ~ [AcOH] / (H*}[OH™] = K,A°8/Ke 


With acetic acid, this ratio is approximately 2 x 10°, i.e., a mixture of hypochlorous and acetic 
acids in presumed equilibrium with a small concentration of acetyl hypochlorite would be 
expected to act as a more efficient chlorinating agent than molecular hypochlorous acid. This 
conclusion would refer to substitutions of sufficiently high energy of activation. In a reaction 
of low energy of activation, the much greater concentration of hypochlorous acid might result in 
its greater share in the chlorination, overshadowing the effect of the more reactive but less 
available acyl hypochlorite. 

In investigations up to the present, N-chlorination by hypochlorous acid molecules has not 
been observed, the uncatalysed reaction in all cases being due to the reaction of hypochlorite 
ions. The specific rate of such N-chlorination by OCI~ ions may exceed that by molecular 
chlorine, although the ease of formation of positive chlorine from the latter must be enormously 
greater. It is for this reason that the formation of chloroamine from OCI™ ions is regarded as 
involving some different substitution mechanism from that accepted for replacement of a 
hydrogen attached toacarbon atom. The formation of a hydrogen bridge between the nitrogen 
atom and the oxygen of the hypochlorite ion has been suggested (Mauger and Soper, /oc. cit.) 
and would provide an explanation of the unexpected efficiency of hypochlorite ions, in comparison 
with that of hypochlorous acid and of chlorine. 

The acid catalysis of halogenation by hypohalous acid has also now been observed in the 
iodination of phenol, in the bromination of benzene by hypobromous acid (unpublished work 
with W. J. Wilson), and in the addition of hypochlorous acid to allyl alcohol (unpublished work 
with J. K. Martin). The examples so far obtained appear to have as a common factor the 
presentation of positive halogen by the acyl hypohalite molecule to a double-bonded atom 
capable of becoming a nucleophilic centre, the positive halogen being relinquished by the 
acylate ion. Those amides which show this effect in N-chlorination may exist in an isoamide 
form. In no case has any evidence been obtained for addition of acyl hypohalite across the 
double bond, for in such acid-catalysed reactions there is no disappearance of acid as would occur 
if there were addition of the acyl hypohalite molecule as a whole. 

In conformity with the above hypothesis no acid catalysis has been observed in the present 
work on the N-chlorination of dialkylamines. The action of hypochlorous acid on dialkylamines 
is practically instantaneous in near neutral solution but decreases in acid solution, becoming 
measurable about pH 3. In experiments at 25°0° at constant pH and with increasing concen- 
tration of the buffer a decrease was observed which could be duplicated by addition of neutral 
salt such as potassium nitrate and was shown to be an ionic-strength effect. An example of such 
effect of the concentration of a chloroacetic acid buffer is given in Table I, where k,°™ is given by 
v == k,°%(HOCI + OCI}[Et,NH + Et,NH,*]. 
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TaBLe I. 
pH. CH,CI-CO,H. CH,CI-CO,Na. kyo. (mol.-? min.-1), 
2-88 0-0124 0-0124 14-3 
2-88 0-0497 0-0497 13-5 
2-88 0-0995 0-0995 9-5 


No catalysis by the free acid of the buffer was observed. 

The dependence of the rate of N-chlorination on the pH of the solution was determined in 
the presence of 0°2m-potassium nitrate to minimise effects due to changes in ionic strength. The 
values obtained at 25:0° with diethylamine are given in Table II. 


TABLE II. 
N-Chlorination of diethylamine. Temp. 250°, KNO, = 0°2m. 
Temp. 25-0°, KNO, = 0-2m. 

[OH]- x 10%, &,°%, 10-1A,°b8/[OH-]. pH. [OH™] x 10%. kyom, 10-4, /[OH-}, 
0-211 . 2-91 , 9-45 
0-298 , 3:30 . . 9-60 
0-404 , 3-51 ! , 9-14 
0-462 ° ° 2-59 * . . 9-49 * 


0-610 " . 3-06 * . ‘ 9-84 * 
0-682 I 


In these experiments the free chloroacetic acid decreases from 0°0933 to 0°249Nn. from pH 
2°32 to pH 3°51, whilst the sodium chloroacetate increases from 0°00622 to 0°0746N. over the 
same pH range. 

In order further to confirm that the speed is independent of the concentration and nature of 
the free acid in the buffer, two experiments were carried out in a buffer of phosphoric acid and 
sodium dihydrogen phosphate, the results being shown marked with an asterisk in the above 
table. In these two experiments the free phosphoric acid was 0°024 and 0°008m. 

Similar behaviour was observed in the pH range 2—3 for dimethylamine and dipropylamine, 
the values of 10-1 £,°™-/[OH~] for dimethylamine being 49°9, 51°8, 50°3, 50°6 and for dipropyl- 
amine 25°4, 27°0, 25°7, 24°8. There is no indication of any catalysis by the free acid of the buffer 
in any of these cases. 

The dependence of the rate of N-chlorination on the hydroxyl-ion concentration according 
to the nature of the reacting species is set out in Table III. 


TABLE III. 


Reaction. Reacting species. k,°™ propl. to Reaction. Reacting species. k,°%* propl. to 


1 HOCI + R,NH [OH’}? OCl + R,NH,+ [OH] 2 
2 HOCI + R,NH,* [OH’}° Cit + R,NH [OH’]° 
3 Oc’ +R,NH [OH’}® CI* + R,NH,*+ {OH} 


Thus either reaction 1 or 4 would agree with observation and in both cases k,°™ would be 
expected to show a marked decrease with increase in ionic strength due to Bronsted primary and 
secondary effects. 

The mechanisms cannot be differentiated on the present work; mechanism 4 is favoured by 
the great donor properties of the OCI~ ion in comparison with HOCI, whilst in mechanism 1 the 
free electron pair on the amine nitrogen could engage the hydrogen atom of the hypochlorous 
acid. In each case the same complex would be formed : 


1 Cl—9 


H-N-H —> 


In view, however, of the efficiency of hypochlorite ions in other N-chlorinations, constants have 
been evaluated on mechanism 4. The values of Rog, given by v = kog[OCl-][R,NH,*] are 
related to k,°* by the equation, koq = 4,°*-([H*]/K,2°", where K,#°O!, the ionisation constant 
of hypochlorous acid, has the value 4 x 10°*. The mean values of hog), the specific rate of 
interaction of hypochlorite and amine cations, for dimethyl-, diethyl-, and dipropyl-amine are 
12°6 x 105, 2-4 x 105, and 64 x 10° mol. min.-!, respectively, whilst the values of their basic 
ionisation constants are 0°14 x 10%, 1:26 x 10°, and 1°02 x 10°, corresponding to acidic 
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ionisation constants of the amine cations of 1°35 x 10°, 0°79 x 10°, and 0°98 x 10+, 
respectively. 


Experimental.—The chloroamine concentration in the reaction mixtures was determined by addition 
of 10-c.c. aliquots to 10 c.c. of a 3% solution of freshly distilled phenol, buffered at pH 8, shaking it for 
5 seconds, and then adding 10 c.c. of 5N-acetic acid and 10 c.c. of 2% potassium iodide solution. This 

ives the titre of the chloroamine. The total titre of hypochlorous acid plus chloroamine, determined 

y addition of 10 c.c. of 2% potassium iodide solution, remained constant over the period examined for 
the experiment which was of the order of 30 minutes. The chloroacetic acid buffers were made by partial 
neutralisation of M-monochloroacetic acid and dilution to the required strength, the pH’s being checked 
on a Cambridge glass-electrode pH meter. 


UNIVERSITY OF OTAGO, DUNEDIN, NEW ZEALAND. [Received, May 30th, 1949.) 





622. The Synthesis of Aliphatic Acids by the Interaction of Olefins 
with Carbon Monoxide and Steam, and Related Reactions. 


By D. M. Newitt and S. A. Momen. 


It is shown that ethylene and carbon monoxide, in the presence of a suitable catalyst and 
at temperatures of 250° and upwards, can unite with cael or basic molecules, such as water, 
ethanol, benzyl alcohol, ammonia, and aniline, to give acids, esters, and amines. The synthesis 
of propionic acid by this reaction has been studied at 150—400 atmospheres and 250—330°. 
The yield of acid in the products depends on the relative rates of its formation and thermal 
oa and also on the extent to which carbon monoxide undergoes decomposition to 
the dioxide. 


Ir has long been known that, under suitable conditions of temperature and pressure, olefin 
will react with steam and with steam and carbon monoxide to give alcohols and acids, 
respectively. The former reaction is reversible and its equilibrium constants for ethylene, 
propylene, and butene have been measured over a wide range of temperatures (Stanley, 
Youell, and Dymock, J. Soc. Chem. Ind., 1934, 58, 205T). There are few quantitative results 
in the literature on the acid synthesis, although numerous patent specifications recommend 
specific catalysts and claim yields of 40—80% of acid based on the ethylene consumed. 

Hardy (j., 1936, 364) describes experiments in which a mixture of ethylene, carbon 
monoxide, and steam was passed through phosphoric acid at 290—300° and 150 atmospheres. 
He found that, for every molecule of ethylene converted into acid, approximately three were 
hydrated and two were polymerised. Propylene gave a mixture of isobutyric acid and 
homologues, and but-2-ene produced pivalic, «-methylbutyric, and higher acids. No indication 
is given of the yield obtained in these cases but, since a hydration catalyst was employed and 
considerable quantities of alcohol were simultaneously formed, they were probably not high. 

In a F.1.A.T. report (No. 273), Reppe describes work on the synthesis, in which a nickel 
catalyst was employed at 270° and 200 atmospheres. He states that conversions of 95% 
were obtained, but this figure may refer to the results of re-cycling. 

Hardy considers the formation of acids must be due primarily to activation of the olefin 
molecule which is then able to unite with carbon monoxide, reaction being completed by 
addition of the elements of water : 


— 
o - 


ray Ly ys i 40H ; 
>t=¢ +C=O0 —> >Ce-(-(a20® ———> >CH—(—CO—OH 


Reppe also considers that reaction occurs first between the olefin and oxide to give a cyclo- 
propanone ring which then undergoes hydrolytic fission : 


co R-CH—CH, H-OH 
R‘CH:CH, ——> [ ae ——> R-CH,-CH,-CO,H 
co 


He further states that, in the reaction, water may be replaced by alcohol, ammonia, or an 
amine. 

The experiments described below were designed to obtain quantitative information about 
the conditions favourable to the syntheses of the pure acid and of its esters and amides. They 
indicate that there is a general reaction of the type: 


CHa, + CO+HX —> C,H, 1 COX 
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where HX is a neutral or basic molecule; whilst pressure is found to favour this reaction, 
there may be an upper limit to the pressure which can usefully be employed owing to the 
simultaneous occurrence of the reaction 2 CO —-> CO, + C which removes one of the reactants 
from the system. 

Synthesis of Propionic Acid.—The reaction between ethylene, carbon monoxide, and water 
was carried out in a static system, with a stoicheiometric mixture, in the presence of a reduced 
nickel catalyst. The influence of temperature, pressure, and time of contact on the yield of 
acid were determined. i 

(i) The effect of time. At 248 atmospheres and 300°, the reaction proceeds at a measurable 
rate giving gaseous and liquid products, the latter yielding mainly an aqueous fraction 
containing most of the acid and a small quantity of a lighter fraction containing polymerised 
hydrocarbon. 

TABLE I, 


Products from the reaction of a C,H, + CO + H,O mixture at 248 atmospheres and 300°. 


Duration of Gaseous products, % by vol. dee “ mer 
CO,. C,H. in reactants. 
16-2 17-4 


20-6 
19-3 23-7 42-7 
16-2 24-8 46-6 
26-2 27:8 3 
39-8 40-3 
42-9 42-3 
46-3 47-1 
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1 
6 
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1 
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The variation in the products with time is shown in Table I. The considerable quantities 
of ethane and carbon dioxide, in approximately equal proportions, in the gaseous products 
suggest that formation and thermal decomposition of propionic acid occur simultaneously. 
In the early part of the reaction, the rate of acid formation would exceed that of its 
decomposition and the quantity surviving in the product would increase. Towards the end 
of the reaction, decomposition would occur faster than synthesis and eventually little or no 
acid would remain. 

That propionic acid undergoes decomposition at 300° has been confirmed by a series of 
experiments in which the pure acid was maintained at this temperature for 2 hours in contact 
with a reduced-nickel catalyst. The results for a range of initial pressures are summarised 
in Table II. The small quantities of hydrogen found in both series of experiments are probably 
formed by decomposition of ethane. Whereas Hardy showed that both formation and 
polymerisation of alcohol occurred over phosphoric acid, no alcohol and only a small amount of 
polymer were produced in our experiments over nickel. 


TaB_eE II. 


Thermal decomposition of propionic acid at 300°, in contact with a reduced-nickel catalyst. 


Pressure of Acid Gaseous products, % by vol. 
acid, atms. decomposed, %. CO,. co. C,Hg. 
26-5 9-7 49-0 2 49-4 
50-0 6-8 50-4 8 47-1 
79-5 5-7 48-1 ‘7 49-0 
106-0 4-7 48-8 2 48-4 


TABLE III. 


Products from the reaction of a C,H, + CO + H,O mixture at 248 atmospheres and various 
temperatures. 
Duration of Gaseo oducts, %. b 1. Yield of acid, %, 
Reaction reaction, i‘ ee based on CeHy 
temperature. hrs. C,H,. co. : C,H. , in reactants. 
250° 1 49-0 48-1 - — 4-9 
42-6 47-6 ° 2-0 28-8 
300 32-0 34-0 ° 17-4 ° 20-6 
330 


2 

1 

2 23-6 34-7 p 24-8 , 46-6 
1 20-0 4-1 ° 23-8 9-9 

(ii) The effect of temperature. Experiments were carried out at 250°, 300°, and 330°, the 

initial pressure of reactants being 248 atmospheres. The results summarised in Table III 
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jnicate that, at the lower temperatures, although the synthetic reaction is slow, thermal 
decomposition of the acid is still taking place. At 330°, both reactions proceed rapidly and 
very little acid survives after 1 hour. The drop in the percentage of carbon monoxide in the 
products of this experiment, combined with a large increase in the ratio of carbon dioxide 
to ethane, suggest that some decomposition of carbon monoxide is taking place; a considerable 
amount of carbon was in fact deposited on the catalyst during this experiment. 

(iii) The effect of pressure. A series of experiments carried out at 300° and pressures of 
1, 150, 248, and 400 atmospheres showed that, whilst at the lower pressure no detectable 
reaction took place, at 150 atmospheres the yield of acid was 10°4% and at 248 atmospheres 
had risen to 46°6%. At 400 atmospheres, the yield, contrary to expectation, dropped suddenly, 
an effect attributable to deposition of carbon on the catalyst resulting from decomposition of 
the carbon monoxide. 

It would appear from the above results that the reduced-nickel catalyst is active in promoting 
both the synthesis and the thermal decomposition of propionic acid and also the decomposition 
of carbon monoxide. Increase of pressure favours the synthesis and the reaction 2 CO——> 
CO, + C, and tends to prevent decomposition of the acid. Increase of temperature lowers 
the yield of acid and favours decomposition of carbon monoxide. The optimum conditions in 
respect of yield of acid are a reaction temperature of 300° and a pressure of 250 atmospheres. 

The Synthesis of Esters.—In the above experiments, stoicheiometric proportions of the 
reactants were used for the synthesis of acid. Further experiments were carried out to 
ascertain whether, by employing an excess of olefin, esters could be produced, according to the 
reaction 

2C,H, +CO+H,O —> C,H,°CO,C,H, 
With a reduced-nickel catalyst, only traces of ester were found in the products. When, how- 
ever, a mixed catalyst consisting of reduced nickel and phosphoric acid, containing 2% of copper 


phosphate was used, yields of ester representing about 5% of the ethylene in the initial gases 
were obtained. The results for several mixtures of various compositions are given in Table IV, 


TaBLe IV. 
Synthesis of ethyl propionate. 


Total Composition of Free 
Reaction pressure, initial mixture. 
temperature. atms. 


3 
7 
25 
6 


Synthesis of isoButyric Acid.—A stoicheiometric mixture of propylene, carbon monoxide, 
and steam in the presence of a reduced-nickel catalyst at 300° and 220 atmospheres gave 2°8% 
of isobutyric acid. When the amount of olefin in the initial mixture was doubled and all other 
conditions were kept constant, the yield was raised to 5°2%. m-Butyric acid and isopropyl 
alcohol were not found in the products. 

Synthesis of Propionanilide.—A 2: 4:1 mixture of ethylene, carbon monoxide, and aniline 
at 300 atmospheres and 325° in the presence of a reduced-nickel catalyst gave 46°2% of 
propionanilide (based upon the aniline used). The product consisted of a semi-solid mass 
from which the anilide was obtained by recrystallisation. 

Synthesis of Benzyl Propionate—A 3:3:1 mixture of ethylene, carbon monoxide, and 
benzyl alcohol at 250 atmospheres and 300°, in the presence of a reduced-nickel catalyst, gave 
9°2% of ester (based upon the alcohol used). At 335° and 275°, the yields were 6°4 and 3°4% 
respectively. 

Synthesis of Phenyl Propionate—A 2:2:1 mixture of ethylene, carbon monoxide, and 
phenol at 230 atmospheres and 275°, in the presence of a reduced-nickel catalyst, gave 8°9% 
of phenyl propionate. At 300° and 250°, the yields were 49 and 2°0% respectively. 


EXPERIMENTAL, 


The apparatus employed was similar to that described previously (j., 1937, 1666). The reaction 
vessel was constructed of stainless steel and was capable of withstanding an internal pressure of 
400 atmospheres; its capacity was 1465 c.c. 

In carrying out an experiment, the usual procedure was first to introduce the requisite quantity of 
water, alcohol, ammonia, or phenol into the reaction vessel by means of compressed nitrogen, and then 
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to add separately the ethylene and carbon monoxide, the quantities being determined by means of a 
Bourdon gauge. Allowance was made for the known compressibilities of the vapours and gases. 

At the conclusion of the reaction, the contents of the reaction vessel were in general allowed to 
expand suddenly into a second steel vessel of large capacity, at room temperature. In this way, the 
reaction was frozen. The pressure of the expanded cold products was measured, and samples were 
taken and analysed as described below. 

Materials.—Ethylene and propylene were purchased in cylinders, and their purity was checked by 
analyses before use. Carbon monoxide was prepared by dropping formic acid into warm concentrated 
sulphuric acid, scrubbing the gas with concentrated aqueous potassium hydroxide, and compressing it 
into cylinders to 400 atmospheres. 

Reduced Nickel Catalyst—45 G. of AnalaR nickel nitrate were dissolved in 100 c.c. of water, and 
50 g. of washed granular pumice added. The mixture was boiled and evaporated to about one-fifth 
of its original volume. The residual liquid was then drained off and ammonia gas passed over the 
saturated pumice for some 30 minutes. Finally, 1—2 c.c. of aqueous ammonia were added. The 
mass was dried in a steam-oven and was then reduced in a current of dry hydrogen for 2 hours at 290°, 

Phosphoric Acid Catalyst—To a weighed quantity of 87% phosphoric acid sufficient copper oxide 
was added to give 2% of copper phosphate. The mixture was heated until a clear solution was obtained. 
Activated charcoal was added, and the mixture was boiled for some time and allowed to cool. After 
draining overnight, it was ready for use. 

Analysis of Gaseous Products —Samples were collected over mercury and analysed in a constant- 
volume apparatus, using the conventional reagents for absorbing ethylene and the oxides of carbon. 
Ethane and hydrogen were determined together by explosion with oxygen and absorption of the carbon 
dioxide formed. 

Propionic Acid.—This was identified by preparation of the p-toluidide (m. p. 123°; mixed m. p. 
123—124°). It was determined by titration with n/10-sodium hydroxide. 

isoButyric Acid.—This was identified by preparing the p-toluidide (m. p. 104°; mixed m. p. 104—105°) 
and was similarly determined. 

Ethyl Propionate.—The products from the reaction vessel were passed through a glass coil cooled to 
—78° to condense out the acid and ester. In one part of the condensate free acid was determined; 
the other was hydrolysed with excess of sodium hydroxide solution. Ethyl alcohol and propionic acid 
were then identified by preparing iodoform and the p-toluidide, respectively. 

Propionanilide.—The product consisted of a semi-solid mass. It was extracted with benzene and 
recrystallised from water (m. p. 102—103-5°; mixed m. p. 102—104°). 

Propionamide.—The product was condensed, warmed with animal charcoal, and filtered. The 
amide was separated by crystallisation (m. p. 79°; mixed m. p. 79°). 

Benzyl Propionate.—The product was condensed at —78° and the ester determined by hydrolysing 
it with potassium hydroxide solution. 

Phenyl Propionate-—The product was condensed, warmed with animal charcoal, and distilled. The 
distillate was hydrolysed as above. 


DEPARTMENT OF CHEMICAL ENGINEERING, 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. KENnstncton, Lonpon, S.W.7. [Received, June 11th, 1949.] 





623. Organometallic Fluorine Compounds. Part I. The Synthesis of 
Trifluoromethyl and Pentafluoroethyl Mercurials. 


By H. J. Emertus and R. N. HaszeLpine. 


The reaction between iodine pentafluoride and di-iodotetrafluoroethane yields iodopenta- 
fluoroethane quantitatively. Iodotrifluoromethane and mercury, when irradiated and heated, 
form trifluoromethylmercuric iodide, from which trifluoromethylmercuric hydroxide, chloride, 
bromide, and nitrate have been prepared. These compounds are soluble in water, and 
preliminary observations on the conductivities of the solutions are recorded. Iodopentafiuoro- 
ethane undergoes a similar reaction with mercury and forms pentafluoroethylmercuric iodide, 
which is also soluble in water. Unsuccessful attempts to prepare fluorine-containing organo- 
ee of magnesium, zinc, cadmium, lead, arsenic, lithium, and gallium are 

escribed. 


THE synthesis of iodotrifluoromethane and iodopentafluoroethane (Banks, Emeléus, Haszeldine, 
and Kerrigan, J., 1948, 2188) leads naturally to the study of how far these compounds resemble 
their hydrocarbon analogues in forming organometallic derivatives. Iodotrifluoromethane 
can now be prepared from tetraiodomethane and iodine pentafluoride in yields of over 90%. 
The original synthesis of iodopentafluoroethane was from tetraiodoethylene and iodine penta- 
fluoride. Yields were, however, low, and a greatly improved method has been found in which 
tetrafluoroethylene is converted into di-iodotetrafluoroethane which, on treatment with iodine 
pentafluoride, yields iodopentafluoroethane quantitatively. 

The reactions of iodotrimethane and iodopentafluoroethane with metals differed greatly 
from those of methyl and ethyl iodides. 
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Iodotrifluoromethane, for example, was recovered unchanged after being in contact with 
magnesium for several weeks. The normal initiators for the formation of Grignard reagents 
also failed to induce reaction. Heating of the reactants either alone or with solvents led 
ultimately to decomposition. Addition of water at various stages of the reaction gave no 
fluoroform, which would have been expected had the compound CF,*MgI been present. 
At higher temperatures, however, small amounts of fluoroform were produced in absence of 
water by attack of the fluorocarbon radical on the solvent. Since no hexafluoroethane was 
isolated, neither the Wurtz-type reaction nor the decomposition of any Grignard reagent by 
excess of trifluoroiodomethane took place. Parallel experiments with zinc and a few 
preliminary experiments with cadmium, gallium, lithium, and alloys of sodium and lead or 
arsenic were also negative. The slow decomposition of iodotrifluoromethane by lithium in a 
hydrocarbon solvent was similar to that observed with chlorotrifluoromethane in trimethyl- 
amine as solvent (Simons, Bond, and McArthur, J. Amer. Chem. Soc., 1940, 62, 3477). 

The reaction of iodopentafluoroethane with magnesium and zinc was more complex than 
that of iodotrifluoromethane. The reactants in benzene solution or in the absence of a solvent 
did not react at room temperature, and when the temperature was raised decomposition to 
metal iodide and fluoride eventually occurred; small amounts of pentafluoroethane were 
isolated when a solvent was used. The reaction of the fluoro-iodide in ether with magnesium 
or zinc was, however, rapid and complete at room temperature. The usual indications of 
Grignard formation were given initially, but the solution rapidly became brown, heat was 
evolved, and the final reaction mixture was similar to that from iodotrifluoromethane and 
magnesium or zinc at higher temperatures. The products have not been fully identified, but 
they included the metal iodide and fluoride, viscous polymeric substances containing carbon 
and fluorine only, and comparatively large amounts of pentafluoroethane. Pentafluoroethane 
was not liberated when water was added to the reaction mixture but it is possible that in these 
two cases unstable Grignard compounds were formed. 

The stabilising influence of the di- and tri-fluoromethyl groups on adjacent hydrogen and 
other halogen atoms in a molecule is now well known, and the ease of formation of Grignard 
reagents from aliphatic halides containing these groups clearly depends on the distance of the 
halogen from the fluoro-group. The influence of a trifluoromethyl group extends to a chlorine 
atom on position 2, since 2-chloro-1 : 1: 1-trifluoroethane will not yield a Grignard reagent. 
The influence on a chlorine atom in position 3 is much less, however, and McBee and Truchan 
(J. Amer. Chem. Soc., 1948, 70, 2910) observed that 3-chloro-1 : 1 : 1-trifluoropropane reacts 
normally with magnesium. The only recorded case of Grignard formation involving a halogen « 
to a fluorinated group is that of 1-bromoheptafluoropropane, C,F,Br (Brice, Pearlson, and 
Simons, ibid., 1946, 68, 968), a reaction of particular interest in view of the inability of 2-bromo- 
1: 1: 1-trifluoroethane to form a Grignard reagent. The iodofluoroethanes react readily with 
magnesium in the presence of ether at room temperature but the products are olefins and not 
organometallic compounds. Thus 2-iodo-1: 1: 1-trifluoroethane yields 1 : 1-difluoroethylene 
(Gilman, ibid., 1943, 65, 2037) and 2-iodo-1: 1-difluoroethane yields fluoroethylene (Henne, 
ibid., 1938, 60, 2275). The corresponding bromo-compound, 2-bromo-1 : 1-difluoroethane was 
stable to magnesium, but gave the olefin when treated with sodium or potassium. In view of 
these facts it may seem surprising that iodopentafluoroethane did not yield tetrafluoroethylene 
when treated with magnesium under Grignard conditions. It is probable, however, that any 
tetrafluoroethylene would undergo polymerisation with excess of iodopentafluoroethane 
(Haszeldine, in the press). 

The inability of iodotrifluoromethane to yield a Grignard reagent under normal conditions 
is attributed to the increased stability of the carbon-iodine bond and its failure to undergo 
heterolytic fission. At higher temperatures the main reaction is decomposition, but in addition 
homolytic fission of the carbon-iodine bond occurs to a certain extent and the trifluoromethyl 
radical is formed. Like other free radicals the fluorocarbon radical reacts with the solvent in 
preference to magnesium or zinc, and fluoroform is liberated. Thus it is known that free 
pheny] radicals will not react with magnesium in solution, nor will free alkyl radicals combine 
with magnesium in the gas phase. Elements such as mercury, arsenic, tellurium, and antimony, 
on the other hand, readily combine with such free radicals and form stable organometallic 
derivatives. The experiments described below do in fact show that iodotrifluoromethane and 
iodopentafluoroethane yield stable mercurials of the type R*HglI, where R is the fluorocarbon 
radical, and the investigation is being extended to the other elements mentioned. The 
requisite experimental conditions are outlined later; in general, however, it is necessary to 
initiate reaction with mercury by heat or irradiation, or both. Hydrogen-containing solvents 
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are attacked by the radicals, but perfluoromethylcyclohexane was used successfully. During 
the reaction with mercury the Wurtz type of reaction, leading to hexafluoroethane or decafiuoro- 
butane, does not occur to any great extent, but there is a reaction of the fluorocarbon radicals 
with the glass reaction vessel to form silicon tetrafluoride and carbon dioxide. 

Trifluoromethyl- and pentafluoroethyl-mercuric iodide show a general resemblance to 
their hydrocarbon analogues, but both are soluble in water and may be recrystallised from it, 
although a slow decomposition occurs. They react when heated with excess of iodine to yield 
the original fluoro-iodide and mercuric iodide. The free base, trifluoromethylmercuric hydroxide, 
obtained from the iodide by interaction with moist silver oxide, is alkaline to phenolphthalein 
and forms salts with acids. Trifluoromethylmercuric chloride, bromide, and nitrate were thus 
prepared. The nitrate was also prepared by the action of silyer nitrate on the iodide, 
Trifluoromethylmercuric hydroxide is a weaker electolyte than methylmercuric hydroxide, 
conductivity data for which are given by Slotta and Jacobi (J. pr. Chem., 1929, 120, 249), 
Hein and Meininger (Z. anorg. Chem., 1925, 145, 95), and Maynard and Howard (/., 1923, 
123, 960), but a stronger electrolyte than phenylmercuric hydroxide (Schramm, J. Amer, 
Chem. Soc., 1947, 69, 1831). The conductivity of trifluoromethylmercuric nitrate, on the 
other hand, approaches that of a neutral strong electrolyte and is greater than that of either 
methyl- or phenyl-mercuric nitrate. This high conductivity is due to the hydrolysis of the 
nitrate which is strongly acidic in aqueous solution. 


EXPERIMENTAL, 


Reaction of Iodine Pentafluoride with Di-iodotetrafluoroethane.—Tetrafluoroethylene (1-56 g.) was 
condensed into a Pyrex tube containing excess of iodine, and the tube was sealed im vacuo. After being 
heated at 175° for 14 hours, 70% of the tetrafluoroethylene had reacted. The product (3-85 g.) was 
di-iodotetrafluoroethane, b. p. 113°, ni? 1-482 (Found: I, 710%; M, 348. C,1,F, requires I, 71-7%; 
M, 354). The yield was quantitative in terms of the tetrafluoroethylene used. When heated 
at 200° for 24 hours, 91% of the tetrafluoroethylene reacted. In a typical experiment di-iodotetra- 
fluoroethane (6-7 g.) was poured on excess of iodine pentafluoride (5 ml.) which had been frozen in 
liquid air in a small Pyrex flask fitted with a vertical reflux condenser leading to a trap cooled in liquid 
air. The reactants were allowed to reach room temperature, and the exothermic reaction was initiated 
by warming. After the initial reaction had subsided the product was heated under reflux for 15 minutes. 
The residue in the flask was iodine mixed with excess of the pentafluoride and was refluorinated for 
further preparations. The volatile products were silicon tetrafluoride and iodopentafluoroethane 
(4-65 g.), b. p. 13° (Found: I, 51:3%; M, 246. Calc. for C,IF,: I, 51-6%; M, 246. The yield of 
the fluoro-iodide was quantitative. The following vapour pressures were recorded: —24-6°, 215 mm.; 
0°, 538 mm.; 4-0°, 616 mm.; 7-0°, 681 mm.; 9-8°, 717 mm. 

Reaction of Iodotrifluoromethane with Mercury.—The experiments were made in sealed tubes 
containing 10 c.c. of mercury together with the fluoro-iodide. The reactants were either heated in a 
rocking furnace or shaken vigorously in a vibro-shaker while exposed to ultra-violet radiation. In 
some experiments the tubes were fitted with coils of heating wire wound on an open frame so that they 
could be irradiated at elevated temperatures. With heat alone to initiate reaction, the optimum 
conditions with 4-5 g. of iodotrifluoromethane were 260—290° for 12 hours. Below 200° reaction was 
very slow and 90% of the fluoro-iodide was recovered unchanged after 10 hours. Above 300°, or with 
longer reaction times, considerable decomposition of the iodotrifluoromethane and the mercurial 
occurred. Under the optimum conditions about 50% of the fluoro-iodide reacted to yield 1 g. (22%) 
of trifluoromethylmercuric iodide (Found: C, 3-2; I, 32-1; Hg, 50-4. Calc. for CIF,Hg: C, 3-0; 
I, 32-0; Hg, 506%). Other products identified were mercury iodides, silicon tetrafluoride, carbon 
dioxide, and hexafluoroethane. No mercuric or mercurous fluoride was detected. The unchanged 
fluoro-iodide was purified by treatment with aqueous alkali and fractionation. The solid contents of 
the reaction vessel were extracted with ether, and the crude trifluoromethylmerguric iodide so obtained 
was purified by sublimation. 

In irradiating reaction mixtures the full radiation of a Hanovia lamp 12’ from the vessel was used. 
Reaction was slow at room temperatures with Pyrex vessels. In silica tubes the rate was greater but 
the reaction product itself was extensively decomposed by light of short wave-length. It was possible 
to shield a portion of the reaction tube from irradiation and to adjust the shaker so that much of the 
solid product collected in this zone. In a typical experiment iodotrifluoromethane (9-0 g.), irradiated 
in Pyrex for 165 hours while being shaken with excess of mercury, yielded 3-04 g. of trifluoromethyl- 
mercuric iodide, a 50% yield on the fluoroiodide used (35%). The effects of pressure, temperature, and 
time of irradiation were examined. Increase in pressure appeared to increase the yield of mercurial. 
It was not possible, however, to seal more than about 10 g. of the fluoro-iodide in the 50-c.c. reaction 
tubes used without risk of explosion on heating them. The optimum temperature with this amount 
and excess of mercury was 150°; above this temperature excessive decomposition occurred. Irradiation 
for 7—8 days, during which time the temperature was gradually raised to 150°, was found to be suitable. 
Under these conditions in a typical experiment in Pyrex, 10-5 g. of trifluoroiodomethane yielded 11-8 g. 
of trifluoromethylmercuric iodide (80% yield on the iodotrifluoromethane used). Only small amounts 
of mercuric iodide and volatilile by-products were formed. 

Reaction in Presence of a Solvent.—Acetone, ether, alcohol, benzene, hexane, and carbon tetra- 
chloride were unsuitable as solvents for the reaction between iodotrifluoromethane and mercury because 
of the preferential attack of the trifluoromethyl radical on the solvent. lIodotrifluoromethane was, 
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however, soluble in perfluoromethylceyclohexane, which was not attacked by the fluorocarbon radical. 
Good yields of the mercurial were obtained, although reaction was slower than in absence of a solvent. 
In a typical experiment iodotrifluoromethane (7-5 g.) dissolved in perfluoromethyleyclohexane (4 c.c.) ° 
was heated in a Pyrex tube to 110° for 36 hours, and shaken with mercury while exposed to the mercury 
arc. Crystals of the mercuri-iodide were deposited on cooling. Removal of the solvent and extraction 
with ether gave 7-5 g. of pure trifluoromethylmercuric iodide, an 80% yield based on the iodotrifiluoro- 
methane used (4-7 g.). 

Reactions of Trifluoromethylmercuric Iodide.——The compound is a white crystalline solid which 
sublimes at 80°. It has a characteristic odour quite distinct from that of methylmercuric iodide and 
bistrifluoromethylmercury. The mercuri-iodide is decomposed by light of short wave-length. When 
heated at 120° for 2 hours with excess of iodine, trifluoromethylmercuric iodide (1-0 g.) yielded 92% of 
the theoretical amount of iodotrifluoromethane. The mercurial is readily soluble in organic solvents 
such as ether, acetone, alcohol, and cyclohexane, but sublimation has been found more suitable for 
purification than crystallisation. The mercurial is also soluble in water, from which it may be extracted 
with ether. Mercurous and mercuric iodide are slowly deposited from the aqueous solution, and during 
the decomposition a gas is evolved which is probably a mixture of hexafluoroethane and fluoroform ; 
no trifluoromethylmercuric hydroxide (see below) is formed and the reaction is not therefore a simple 
hydrolysis. The specific conductivity at 25° of an m/8-solution of the mercurial in water is 
5-5 x 10° ohm cm.-, but this value increases as the decomposition reaction proceeds. An aqueous 
solution of trifluoromethylmercuric iodide (0-005 mol.), when treated with a solution of potassium 
iodide (0-01 mol.), slowly gave fluoroform, the yield of which was 60% after 3 days and 72% 
after 10 days. The solution became alkaline and yellow, and the complex K,Hgl, was formed 
(CF,;-HgI + 3I- + H,O —~> CHF, + OH- + HglI,-~). 

Trifluoromethylmercuric Hydvoxide.—This was prepared by shaking trifluoromethylmercuric iodide 
(4-0 g.) for 2 hours with a suspension of excess of silver oxide in conductivity water, air being excluded 
to avoid formation of carbonate. The silver compounds were filtered off and the crude base was 
isolated by evaporation at room temperature in vacuo. It was purified without detectable decomposition 
by sublimation at 130°/10 mm. The purified hydroxide (2-6 g., 90%) gave a negative test for iodide 
[Found : C, 4-2; Hg, 69-8%; M (ebullioscopic), 280. CHOF,Hg requires C, 4-2; Hg, 70-0%; M, 287]. 

Trifluoromethylmercuric Chloride.—The chloride was prepared by dissolving 0-5 g. of the hydroxide 
in 5 c.c. of water and acidifying the solution with dilute hydrochloric acid to pH 1. The aqueous 
solution was extracted with ether, and the ethereal extract al'owed to evaporate at room temperature. 
The residual solid was purified by sublimation at 70°/1 atm. (0-48 g., 91%). The compound, m. p. 76° 
(sealed tube), resembled the mercuri-iodide in smell and crystal form [Found : C, 3-8; Cl, 11-2%; 
M (ebullioscopic), 306. CCIF,Hg requires C, 3-9; Cl, 116%; M, 305). 

Trifluoromethylmercuric Bromide.—The bromide was similarly prepared in 80% yield (Found: C, 
3-6; Br, 22-6%; M, 340. CBrF,Hg requires C, 3-4; Br, 22-9%; M, 350). 

Trifluoromethylmercuric Nitrate——A solution of the hydroxide was acidified with dilute nitric acid 
and evaporated to dryness im vacuo at room temperature, the residual solid nitrate being purified by 
repeated sublimation at 100°/10-° mm. Alternatively trifluoromethylmercuric iodide (7-0 g.) was 
dissolved in water and treated with a slight excess of silver nitrate; the precipitated silver iodide was 
filtered off, dilute nitric acid added to prevent the formation of the possible double salt 
CF,-HgNO,,CF,*HgOH (cf. C,H,*-HgNO,,C,H,-HgOH), and the solution evaporated as above (Found : 
C, 3-6; N, 3-8; F, 16-9; Hg, 60-3. CO,NF,Hg requires C, 3-6; N, 4-2; F, 17-2; Hg, 60-5%). 

Conductivity of Trifluoromethyl Mercurials—Conductivity measurements on aqueous solutions of 
the trifluoromethyl mercurials were made at 25° + 0-02° with a standard bridge apparatus incorp- 
orating a cathode-ray oscilloscope as the null-point detector, and Pyrex cells with platinum 
electrodes. Solutions were made up initially by weight in conductivity water (specific conductivity 
1-4—1-5 x 10-* ohm™ cm.") and diluted by volume. Results for trifluoromethylmercuric hydroxide 
are given in Table I. 
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TABLE I. 
Molarity m/8. M/16. m/32. m/64. mM/128. m/256. m/512. 
Sp. conductivity x 10 (ohm cm.") ... 11 7 4 3 2-5 2 
Molar conductivity x 10* 18 22 26-5 40 64 106 


Cf. m/16-methylmercuric hydroxide, specific conductivity 134 x 10° ohm cm. (Hein and 
Meininger, Joc. cit.). 
Results for trifluoromethylmercuric nitrate are similarly summarised in Table II. 


TaB_e II. 


Molarity. m/2. o/4. m/8. m/16. m/32. u/64. 
Sp. conductivity x 10* (ohm cm.) ... 496 277 160 90 50 28 
Molar conductivity 111 128 144 161 176 


Molarity. - M/256. m/512. m/1024. m/2048. 
Sp. conductivity x 10* (ohm cm.-) 5 3 2 
Molar conductivity 240 278 318 355 


Cf. specific conductivity of m /16-methylmercuric nitrate 66 x 10 ohm™ cm.-!, m/1024-phenyl- 
mercuric nitrate 1 x 10 ohm™ cm.-, m/100-KCl 14 x 10-* ohm™ cm.*1. 
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Reaction of Iodotrifiuoromethane and Iodopentaft thane with Magnesium.—lIodotrifluoromethane 
was condensed into a tube containing dry ether and magnesium, the tube then being sealed either when 
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evacuated or when filled with pure nitrogen. No change occurred on warming the mixture to room 
temperature, and after 6 weeks 91% of the fluoro-iodide was unchanged. Further experiments with 
added Grignard catalysts (iodine and methylmagnesium iodide) or using a copper—-magnesium alloy 
failed to yield a fluoro-organomagnesium compound. The effect of temperature on the uncatalysed 
reaction was investigated: after 30 hours at 80°, 15 hours at 120°, 140°, and 180° the proportions of 
unchanged fluoro-iodide recovered were 89, 80, 64, and 5%, respectively. The ethereal solution was 
coloured brown and a flocculent solid consisting mainly of magnesium fluoride was present. No 
magnesium carbide was present since the addition of water did not liberate acetylene. The reaction 
products from experiments at 180° contained fluoroform in an amount corresponding to 5% of the 
fluoro-iodide taken. Addition of water to the reaction products under various conditions did not 
liberate fluoroform. Similar results were obtained when Gentian ond tetrahydropyran were used as 
solvent instead of ether. In the absence of a solvent there was negligible reaction after several weeks 
at room temperature. Above 160° magnesium iodide and fluoride were formed in increasing amounts, 
and silicon tetrafluoride, carbon dioxide, and small amounts of tetrafluoroethylene were identified, 
Even after heating to 260° for 12 hours, 85% of the fluoro-iodide was unchanged. Heating and 
irradiating iodotrifluoromethane and magnesium in the absence of a solvent brought about a slow 
decomposition at temperatures above 150°. When iodotrifluoromethane and magnesium were exposed 
to ultra-violet light in the presence of ether fluoroform was produced slowly at room temperature. 

Magnesium and iodopentafluoroethane did not react at temperatures up to 150° in the absence of a 
solvent. In presence of ether, however, a ready reaction ensued at room temperature, and the 
magnesium began to dissolve. Within a few seconds, however, the colour deepened to a dark brown 
and a syrupy carbonaceous deposit formed. The iodopentafluoroethane was completely destroyed. 
It is possible that a true organometallic compound is formed initially in this case, but attempts to control 
its decomposition or reactian with the solvent have so far been unsuccessful. 

Reaction of Iodotvrifluovomethane and Iodopentafluoroethane with Zinc.—Zinc-copper couples which 
were active to ethyl iodide were prepared by the methods of Noller (J. Amer. Chem. Soc., 1929, 51, 594) 
and Gladstone (/J., 1873, 26, 961), and from an alloy of zinc 90% and copper 10%. Iodotrifluoro- 
methane was treated with the zinc-copper couples in toluene solution, with ethyl acetate as catalyst in 
some experiments. The fluoro-iodide was slowly decomposed when the mixture was kept and a small 
amount of fluoroform was isolated. No organozinc compound was, however, isolated. There was a 
reaction in absence of solvent only at elevated temperatures and it resembled that for magnesium 
under similar conditions. Preliminary experiments with iodopentafluoroethane showed that its 
reaction with zinc resembled that with magnesium. No reaction occurred in a hydrocarbon solvent, 
or in absence of solvent, at hams gee up to 80°. In ether there was an immediate and vigorous 
reaction in which the fluoro-iodide was completely destroyed. No organometallic compound was 
isolated, but a 40% yield of pentafluoroethane was obtained. 

Reaction of Iodotvifluoromethane with Cadmium, Lead, Arsenic, Lithium, and Gallium.—Cadmium, 
arsenic, and gallium did not react with iodotrifluoromethane at room temperature in the presence or 
absence of a solvent, and increasing the temperature brought about the slow decomposition of the 
fluoro-iodide. A lead-sodium alloy with benzene as solvent decomposed 17% of the fluoro-iodide 
after 14 hours at 65°. Fluoroform was isolated in 6% yield, together with a small amount of an oil 
containing carbon, hydrogen, and fluorine, but no lead. Similarly when an arsenic—sodium alloy was 
allowed to react with iodotrifluoromethane in benzene solution for 56 hours at 150°, practically all of 
the fluoro-iodide was decomposed and a 33% yield of fluoroform was obtained. Iodotrifluoromethane 
in benzene was slowly decomposed by lithium ribbon at room temperature.. Reaction was more rapid 
at 70° but the only products isolated were lithium fluoride and iodide. These preliminary experiments 
indicate therefore that iodotrifluoromethane does not yield organometallic compounds by the standard 
methods and techniques applicable to methyl iodide. 

Reaction of Iodopentafiuoroethane with Mercury.—When iodopentafluoroethane (3-0 g.) was irradiated 
and shaken with mercury a slow reaction occurred, 40% of the fluoro-iodide reacting in 17 days to form 
0-06 g. of the mercurial (see below). Increase in temperature raised the yield, and the optimum 
condition, starting from 8-0 g. of iodopentafluoroethane, was irradiation for 5—6 days at 120°, a 50—55% 

ield of pentafluoroethylmercuric iodide being then formed, based on the fluoro-iodide used (50—60%). 

his optimum temperature was lower than that for iodotrifluoromethane. The mercurial was more 
readily decompo by light, and, unless the shaking conditions were adjusted so that the compound 
was deposited in a section of the tube shielded from direct irradiation, the yields were low. The 
volatile by-products consisted mainly of silicon tetrafluoride, carbon dioxide, and small amounts of 
perfluorobutane. Merctiry iodides, but no mercury fluorides, were also formed. The pentafluoro- 
ethylmercuric iodide was extracted from the reaction products with ether and purified by sublimation 
(Found : I, 28-0; Hg, 44-7. Calc. for C,IF,Hg: I, 28-3; Hg, 44-9%). A more convenient method of 
preparation was by the purely thermal reaction of the fluoro-iodide with mercury. The optimum 
temperature range was 200—240°, and 8-0 g. of pentafluoroiodoethane in 36 hours gave a 60—65% 
yield of the mercurial based on the fluoro-iodide used (50—60%). Pentafluoroethylmercuric iodide 
(2-0 g.), when allowed to react with excess of iodine at 120° for 4 hours, gave a 96% yield of iodopenta- 
fluoroethane. The mercurial is soluble in water and in a variety of organic solvents. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, July 29th, 1949.] 
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624. Organometallic Fluorine Compounds. Part II. The Synthesis 
of Bistrifluoromethylmercury. 


By H. J. Emertus and R. N. Hasze.pine. 


Bistrifluoromethylmercury, Hg(CFs)» cannot be synthesised from iodotrifluoromethane or 
trifluoromethylmercuric iodide by normal methods for the conversion of alkyl iodides or 
mercuri-iodides into mercury dialkyls, but has been obtained by reaction in absence of a 
solvent with silver, copper, cadmium, zinc, magnesium, or cadmium amalgam. The compound, 
unlike dimethylmercury, is a crystalline solid, soluble in water as well as in organic solvents, 
and is a weak electrolyte in aqueous solution. Both trifluoromethylmercuric iodide and 
bistrifluoromethylmercury are readily reduced to fluoroform. 


THE compound trifluoromethylmercuric iodide has been prepared from iodotrifluoromethane 
and mercury, though no evidence for the formation of organometallic compounds has been 
obtained with other metals (Emeléus and Haszeldine, preceding paper). An alternative route 
for the synthesis of these compounds, some of which might serve as synthetic reagents in 
fluorocarbon chemistry, is first to prepare bistrifluoromethylmercury which, by reaction with 
magnesium or zinc, might afford reactive metal fluoroalkyls. The standard method for the 
direct conversion of alkyl iodides into dimercurials by reaction with sodium amalgam was 
found to lead to complete decomposition when applied to iodotrifluoromethane. The reaction 
of trifluoromethylmercuric iodide with sodium (cf. Dreher and Otto, Ber., 1869, 2, 542), alkaline 
sodium stannite, or alkaline ferrous hydroxide (cf. Dimroth, Ber., 1902, 35, 2833) also failed to 
yield the dimercurial, and in the last two cases fluoroform was liberated. The reaction of 
trifluoromethylmercuric iodide with inorganic compounds such as potassium iodide and potassium 
cyanide which have been used to remove the elements of mercuric iodide from mercuri-iodides 
(Hein and Wagler, Ber., 1925, 58, 1499) failed to yield the dimercurial, and fluoroform was evolved 
from both acetone and aqueous solutions. Thus, in general, reactions in aqueous solution or 
in presence of an organic solvent were unsuitable because of the ready formation of fluoroform. 
Reaction of either trifluoromethylmercuric iodide or iodotrifluoromethane with amalgams of 
silver, copper, or cadmium did, however, give the dimercurial in satisfactory yield. 

Bistrifluoromethylmercury, Hg(CF3)2, is a white crystalline solid with a characteristic pungent 
smell. It can be purified conveniently by extraction with organic solvents, followed by 
sublimation at atmospheric pressure. Whereas trifluoromethylmercuric iodide reacts with 
iodine to yield one equivalent of iodotrifluoromethane, the dimercurial yields two equivalents : 
Hg(CF;), + 21, = 2CIF, + Hgl,. The reaction with chlorine and bromine is similar and 
good yields of chloro- and bromo-trifluoromethane are obtained. The dimercurial may be 
converted into trifluoromethylmercuric iodide by reaction with mercuric iodide at elevated 
temperatures, preferably in absence of a solvent, and the reaction with mercuric chloride is 
similar, 

Bistrifluoromethylmercury is decomposed thermally above about 170° and is thus less 
stable than dimethylmercury, which is only slightly decomposed at 300° (Taylor and Jones, 
J. Amer. Chem. Soc., 1930, 52, 1111; Cunningham and Taylor, J. Chem. Physics, 1938, 6, 359). 
The photochemical or pyrolytic decomposition affords trifluoromethyl radicals which will 
initiate the polymerisation of ethylene, tetrafluoroethylene, and other unsaturated compounds. 
These reactions are being further studied. The ready solubility of the dimercurial in water is 
of great interest, particularly as the resulting solutions have a definite, though low, conductivity 
even after careful purification of the solute. The conductivity does not appear to be due to 
hydrolysis to trifluoromethylmercuric hydroxide or mercuric hydroxide. The compound is 
rather weaker as an electrolyte than mercuric chloride, which is, however, appreciably hydrolysed 
in solution (Ley, Z. physikal. Chem., 1899, 30, 193). In certain respects it resembles mercuric 
cyanide, which has a specific conductivity in m/32-solution at 25° of 56 x 10* ohm cm.-. 
Both compounds show normal molecular weights in solution and neither gives a precipitate with 
dilute solutions of potassium iodide, silver nitrate, or alkali hydroxides. This apparently 
indicates the absence of mercuric ions but may be due to complex formation. The nature of the 
ions in solutions of bistrifluoromethylmercury and the cause of the slow change in conductivity 
of its fresh aqueous solutions have not yet been determined. Attempts are being made to 
prepare mercury complexes containing the CF, group, whose properties may clarify the position. 
A preliminary crystallographic investigation by Dr. K. Robinson of the Cavendish Laboratory 
indicates that the unit cell of bistrifluoromethylmercury is cubic [a = 8°11 a.; 4 mols. of 
Hg(CF;), per unit cell] with mercury atoms located in the 000, $40, 404, and 0}} positions. The 
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molecule itselfislinear. The density, determined by the weighing-bottle method with perfluoro- 
methylcyclohexane as the filling liquid, was 4°22. The X-ray investigation of the structure 
of bispentafluoroethylmercury, Hg(C,F;),, which has been synthesised by analogous methods 
(Miss J. Banus, unpublished), is more difficult than that of the fluoromethyl compound. 

The reaction between trifluoromethylmercuric iodide or bistrifluoromethylmercury and 
metals such as magnesium and zinc was investigated to determine whether the latter were 
converted into reactive organometallic compounds. The formation of fluoroform on adding 
water to the reaction products was at first thought to show that these experiments had been 
successful and that the reaction CF,-MI + H,O —-> HO*MI + CHF, was taking place. This 
was supported by the fact that iodotrifluoromethane itself reacted with amalgams under certain 
conditions to give products which liberated fluoroform on addition of water. In none of the 
cases investigated so far, however, did the products react in other respects as if they contained 
zinc or magnesium organometallic compounds. The reactions with methyl cyanide, «-naphthyl 
isocyanate, carbon dioxide, and acetone were chosen because they would have given organic 
fluorine compounds which would be readily detected. The liberation of fluoroform was finally 
traced to reduction of the mercurials present at the end of the reaction. This was established 
under a variety of conditions, though the possibility remains that a small part of the fluoroform 
came from a zinc or magnesium organometallic compound. It cannot in fact be asserted that 
the desired zinc and magnesium compounds are not formed or do not exist, as they may be 
sufficiently different chemically from the corresponding alkyl compounds to invalidate the tests 
used to detect them. The investigation is therefore being continued. The ease with which the 
trifluoromethyl mercurials were reduced by reagents such as zinc and magnesium amalgams or 
magnesium metal and magnesium iodide on the addition of water is unexpected since normal 
mercurials are quite stable in this respect and react only at elevated temperature and pressure, 
Only the more ionic organometallic compounds, such as the alkali-metal alkyls, are reduced by 
hydrogen at room temperature and atmospheric pressure. 

The reaction of iodotrifluoromethane with amalgams to give a product which liberated 
fluoroform on the addition of water indicated that bistrifluoromethylmercury was formed. A 
study of this reaction enabled a method to be developed for the synthesis of the dimercurial 
from iodotrifluoromethane itself. Magnesium, zinc, silver, copper, and cadmium amalgams 
have been used. Cadmium amalgam was particularly effective and its reaction with 
iodotrifluoromethane constitutes the most satisfactory synthetic method so far found. 


EXPERIMENTAL. 


The experiments described were usually carried out in sealed Pyrex tubes of approx. 50 c.c. capacity. 
The source of ultra-violet radiation was a Hanovia lamp (YEKUL; with a S250 U-type self-starting 
arc) placed at 12” from the tube. Iodotrifluoromethane was prepared in 95% yield from carbon 
tetraiodide and iodine pentafluoride (Banks, Emeléus, Haszeldine, and Kerrigan, J., 1948, 2188), and 
trifluoromethylmercuric iodide by the reaction of iodotrifluoromethane with mercury (Emeléus and 
Haszeldine, preceding paper). The amalgams were prepared by heating the components together or by 
electrolysis. 

Reaction of Trifluoromethylmercuric Iodide with Silver a ye gt was 
first prepared by the action of silver amalgam on trifluoromethylmercuric iodide. Reaction was slow 
at temperatures up to 120°, but above this temperature large cubic crystals, differing notably from the 
plate-like crystals of trifluoromethylmercuric iodide, could be seen in the solid reaction product. It is 
essential that conversion should be complete since the separation of the two mercurials is difficult. 
The optimum temperature range was 140—160°. In a typical experiment at 140° trifluoromethyl- 
mercuric iodide (2-0 g.) was heated with silver amalgam (silver, 10 g.; mercury, 25 c.c.) for 20 hours in a 
rocking furnace, excess of amalgam was removed, and the residual solid extracted withether. Theethereal 
extract on evaporation yielded a white solid which was purified by sublimation at 70°/1] atm. The 
yield of pure product, re > 163° (sealed tube), was 80% (Found: C, 7:2; F, 33-3; Hg, 60-4%; M, 328. 
C,F,Hg requires C, 7-1; F, 33-6; Hg, 59-3%; M, 338). 

Reaction of Trifluoromethylmercuric I odide with Copper and Cadmium Amalgams.—The reaction with 
copper amalgam occurred readily at 120° and above, and was independent of the concentration of the 
amalgam provided that this was present in excess and flowed freely in the rocking furnace. The optimum 
amount of trifluoromethylmercuric iodide for reaction in a 50-c.c. sealed tube was 5 g., and this when 
heated at 120° for 12 hours gave yields varying between 60 and 80%. Silicon tetrafluoride and a small 
amount of tetrafluoroethylene were identified as by-products, but no hexafluoroethane was found. 
Fluoroform was present when ether was used as a solvent for the trifluoromethylmercuric iodide, and the 
yield of dimercurial was reduced (20%). The ethereal solution gave a positive test foran aldehyde. The 
yield of dimercurial was improved (to 50—60%) when acetone was used as solvent, but fluoroform was 
again detected and it was found best to use no solvent. With cadmium amalgam at 120—130° and 
reaction times of 10 hours yields of dimercurial of 80—90% were readily obtained and only traces of 
volatile by-products were formed. 

Properties of Bistrifluoromethylmercury.—Bistrifluoromethylmercury, purified by slow sublimation 
at 70°, gave large cubic crystals with a characteristic odour which produced a burning sensation in the 
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nostrils. These were soluble in water. When the mercurial (0-280 g.) was heated with excess of iodine 
(2-0 g.) for 1 hour at 100°, and subsequently for 15 minutes at 150°, the only volatile reaction product 
was iodotrifluoromethane (0-317 g., 97-4%). Similarly when 2-g. samples were heated with excess of 
chlorine and excess of bromine, chlorotrifluoromethane and bromotrifluoromethane were obtained in 
yields of 95 and 92%, respectively. These products were characterised tensimetrically. 

The reaction of bistrifluoromethylmercury with mercuric iodide required more vigorous conditions 
than with normal aliphatic and aromatic dimercurials. Trifluoromethylmercuric iodide was however 
formed in 75% yield at 170°. With acetone as solvent, the reaction was complete in 5 hours at 140°, but 
the yield of the mercuri-iodide was lower (50%) and some fluoroform (0-01 g.) was detected. The 
reaction of bistrifluoromethylmercury (0-50 g.) with mercuric chloride at 170° for 14 hours gave a 62% 
yield of ~~ yapanneaee rerempeness chloride, identical with a specimen prepared from trifluoromethylmercuric 
hydroxide. 

r Bistrifluoromethylmercury was slowly decomposed at temperature above 160°: after 14 hours at 
170° about 40% had undergone reaction. Silicon tetrafluoride and carbon dioxide, formed by attack 
on the glass, were found in the products, but no hexafluoroethane was present. Globules of mercury 
were also produced. No decomposition to volatile reaction products could be detected when bigtrifluoro- 
methylmercury was dissolved in water and set aside for several hours at 20°. When the dimercurial 
(0-5 g.) was dissolved in water and heated to 130° for 12 hours, 80% was recovered unchanged. A faint 
opalescence was visible in the aqueous solution, but the very small amount of volatile material isolated 
was insufficient for identification. If it was fluoroform it corresponded in amount to less than 0-5% 
decomposition. 

Conductivity of Aqueous Solutions of Bistrifluoromethylmercury.—Bistrifluoromethylmercury, prepared 
as described earlier, was purified by treating its solution in water with silver nitrate to convert the small 
amount of unchanged trifluoromethylmercuric iodide present into the nitrate. The faint precipitate of 
silver iodide was removed by filtration, and the solution extracted several times with ether, which leaves 
strong electrolytes, such as the nitrate, in the aqueous phase. The ethereal solution was evaporated and 
the residue sublimed several times at 70°, dissolved in conductivity water, and extracted with pure ether. 
After evaporation the residue was sublimed 4 times. There was no residue in these sublimations. 

The conductivity of a freshly prepared solution of bistrifluoromethylmercury decreased slowly with 
time, reaching a steady value in 2—3 days. Thus the specific conductivity of an m/4-solution at 
25° was initially 15 x 10-* ohm! cm.“ and decreased to a constant value of 12 x 10-*ohm™ cm. in 2 days. 
When the solution was diluted, the initial conductivity again decreased to an equilibrium value. The 
specific conductivity of the solvent was 1-53 x 10° ohm™cm.-. Equilibrium values of the conductivity 
are recorded in the table. 


Molarity. M/8. m/16. m/32. 
Specific conductivity x 10* (ohm cm.) 9 6 4 
BEGRAT COMRGUE VEE 6 BD? cis nce ccerencccsveniorivccccesoce 7 10 13 


The graph of the molar conductivity against the square root of concentration is not a straight line. 
When the bistrifluoromethylmercury was extracted from the aqueous solution with ether (90% recovery), 
and the aqueous solution evaporated to dryness in vacuo at room temperature, no trifluoromethylmercuric 
hydroxide could be detected. The aqueous solution remained neutral during evaporation. There was 
also no evidence for the formation of mercuric hydroxide or fluoroform at room temperature. On addition 
of dilute solutions of potassium iodide, silver nitrate, or alkali hydroxide to aqueous solutions of bistrifluoro- 
methylmercury no precipitate was formed, which suggests that mercuric ions were not present. Hydrogen 
sulphide, however, precipitated mercuric sulphide slowly when passed through an aqueous solution of the 
dimercurial. 

Reaction of Trifluoromethylmercuric Iodide and Bistrifluoromethylmercury with Zinc and Magnesium 
Metals and Amalgams.—Trifluoromethylmercuric iodide (2-0 g.) was heated with zinc powder (4-0 g.) for 
12 hours at 140° and water added to the reaction mixture. Fluoroform (21%) was steadily evolved 
during 2 hours. Zinc amalgam, fluoride, and iodide were present and no mercuri-iodide was recovered. 
If dry ether was added to the reaction mixture instead of water, only unchanged trifluoromethylmercuric 
iodide (40%) was isolated. Raising the temperature increased the amount of mercuri-iodide decomposed, 
but a fluoro-organozinc compound was not isolated. Similar results were obtained with magnesium 
shavings and with zinc and magnesium amalgams. If water wasadded to the reaction products fluoroform 
was evolved, but, if the reaction product was extracted with ether, the addition of water to either 
the ethereal extracts or the residual solid failed to liberate fluoroform. Evaporation of the ethereal 
solution yielded unchanged trifluoromethylmercuric iodide. 

In a typical experiment bistrifluoromethylmercury (1-0 g.) and zinc dust (2-0 g.) were heated to 165° 
for 3 hours, and water was added to the reaction mixture. Fluoroform was slowly evolved, and after 
30 minutes a 20% yield was obtained based on the mercury compound destroyed. Immediate ether- 
extraction of the filtered aqueous solution gave a 35% recovery of the dimercurial. Similar results were 
obtained with zinc amalgam and with magnesium. If the unchanged mercurial was removed from the 
reaction product by ether extraction, then the addition of water did not liberate fluoroform. 
The volatile products from the above reactions included silicon tetrafluoride, carbon dioxide, 
tetrafluoroethylene, and an unidentified fraction of molecular weight 150. 

Reactions of Todotrifluoromethane with Silver, Copper, and Cadmium Amalgams.—These provide a 
method of preparing bistrifluoromethylmercury without first isolating trifluoromethylmercuric iodide. 
Silver amalgam of the same composition as before reacted very slowly with iodotrifluoromethane (3-0 g.) 
at room temperature, but after 10 hours at 80° a 68% yield of bistrifluoromethylmercury was obtained, 
based on the fluoroiodide used (4%). At the optimum temperature of 200—250° for 24 hours the weight 
of dimercurial isolated per experiment had increased (0-17 g.) but the yield (15%) had decreased based 
on the fluoro-iodide used (between 40 and 50%). The volatile reaction products were silicon tetrafluoride 
and carbon dioxide, formed by attack on the reaction vessel. 
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Experiments on the reaction of iodotrifluoromethane (6-0 g.) and copper amalgam at the optimum 
temperature of 160—180° for 10—40 hours gave a yield of 40—60% (1-0—1-5 g.) based on the fluoro- 
iodide used (30—60%) in successive experiments. The yield of the dimercurial fell off rapidly at 
temperatures greater than 200°, and silicon tetrafluoride, carbon dioxide, small amounts of hexafluoro- 
ethane, and probably carbon monoxide were formed. Efficient shaking in a vibro-shaker was essential, 
otherwise the yields were low and variable. When iodotrifluoromethane (4-5 g.) and copper amalgam 
were irradiated with the mercury arc for 50 hours at room temperature, a 52% _— of the dimercuria]l 
based on the fluoro-iodide used (25%) was obtained. The yields were variable when both heat and 
irradiation were used, and between 20 and 60% of the iodotrifluoromethane underwent reaction at 
temperatures of 80—200° for 10—20 hours to yield 0-2—0-5 g. of bistrifluoromethylmercury. 

mium amalgam reacted with iodotrifluoromethane at room temperature without extensive 
decomposition and was the most suitable reagent for preparing bistrifluoromethylmercury. The fluoro- 
iodide (3-0 g.) was condensed into the Pyrex reaction tube containing cadmium amalgam (3-0 g. of 
cadmium, 20 c.c. of mercury). After 24 hours’ shaking a white solid was present and the liquid phase 
had disappeared. The yield of pure dimercurial was consistently between 35 and 40%, based on the 
fluoro-iodide used (50—60%). 

Reaction of Iodotrifluoromethane with Other Amalgams.—Sodium amalgam (0-6%) reacted vigorously 
with iodotrifluoromethane on gentle shaking and extensive decomposition to sodium fluoride and iodide 
occurred. No dimercurial or hexafluoroethane could be isolated. Ether and benzene were used in 
attempts to moderate the reaction, but the two sodium salts were again formed and a small yield (5—7%) 
of fluoroform was obtained. Addition of water to the reaction products did not liberate fluoroform and 
it is unlikely, therefore, that trifluoromethylsodium was present. 

Magnesium amalgam, —- by heating magnesium (4 g.) with mercury (20 c.c.), was shaken 
vigorously for 5 hours in sealed tubes with iodotrifluoromethane (3-0 g.) at room temperature. Heat was 
evolved and the amalgam was partly converted into a fine powder. Unchanged fluoro-iodide (48%) and 
a small amount of silicon tetrafluoride were isolated from the volatile products. On addition of water to 
the residue, hydrogen and fluoroform (24% yield) were evolved. Magnesium fluoride and iodide were 
also identified. The fluoroform could result either from the reduction of bistrifluoromethylmercury or 
from the decomposition of an organomagnesium compound. The first possibility was supported by the 
isolation of bistrifluoromethylmercury in low yield (320%) from the initial reaction product by extraction 
with dry ether and ensuring that moisture was excluded during the subsequent evaporation and 
sublimation. Unsuccessful attempts were made to cause any trifluoromethylmagnesium iodide present 
in the reaction product to react with methyl cyanide, acetone, a-naphthyl isocyanate, and carbon 
dioxide. Similar results were obtained with zinc amalgam and iodotrifluoromethane (3-0 g.). Yields 
of up to 30% of the dimercurial were obtained, similar yields of fluoroform resulted on the addition of 
water, and all] tests for the presence of an organozinc compound were negative. If ether was used asa 
solvent for iodotrifluoromethane during the reactions with magnesium or zinc amalgams, fluoroform was 
present in the volatile products, the majority of the fluoro-iodide was destroyed, and the addition of 
water did not liberate fluoroform. The reaction of iodotrifluoromethane (6-0 g.) with zinc amalgam 
(4 g. of zinc, 20 c.c. of mercury) which occurs on gentle rocking for 4 days affords 35—40% yields of 
bistrifluoromethylmercury based on the fluoroiodide used (40%). 

Reaction of Trifluoromethylmercuric Iodide with Sodium Stannite and with Sodium Iodide.—A solution 
of sodium stannite was prepared by dissolving stannous chloride (0-7 g.) in water (10 c.c.) and adding a 
solution of sodium hydroxide (1-6 g.) in water (8 c.c.), and was slowly added with stirring to a solution 
of trifluoromethylmercuric iodide (1-0 g.) in water (30 c.c.) and alcohol (1 c.c.). A precipitate of finely 
divided mercury was obtained, and after 1 hour the solution was filtered and extracted with ether. No 
bistrifluoromethylmercury was present. The gas evolved during the reaction was shown to be fluoroform 
(63% yield). 

Trifluoromethylmercuric iodide (2-0 g.) was dissolved in acetone (70 c.c.), sodium iodide (7-0 g.) 
added, and the solution heated under reflux for 1 hour. Portions of the yellow solution, filtered to remove 
a faint grey precipitate, were poured into water (400 c.c.) or allowed to evaporate at room temperature. 
Ether-extraction gave an oil, containing only carbon and hydrogen, which was apparently derived from 
the acetone. Bistrifluoromethylmercury was not detected. Potassium iodide reacted in aqueous 
solution as described in Part I. 

Reduction of Trifluoromethyl Mercurials by Amalgams.—Trifluoromethylmercuric iodide (1-0 g.), zinc 
amalgam (0-5 g. of zinc, 5 c.c. of mercury), zinc dust (0-2 g.), and a globule of mercury were placed in a 
reaction tube which was evacuated. Water was added, and the volatile products, which were evolved 
steadily, were collected. The yield of fluoroform after a reaction time of 1 hour was 74%, and 3% of the 
mercurial was recovered unchanged by ether-extraction. With magnesium amalgam the yield of 
fluoroform was 81% in 4 hour. It was also found that a mixture of magnesium and magnesium iodide 
in presence of water produced fluoroform from trifluoromethylmercuric iodide. 

Bistrifluoromethylmercury was reduced very slowly (4% in 3-5 hours) by a pure zinc amalgam in 
presence of water at room temperature, but the addition of zinc powder increased the reaction rate 
greatly. Thus, when water was added to a mixture of zinc powder (0-4 g.) + mercury (2 c.c.) (heated to 
give some zinc amalgam) and bistrifluoromethylmercury (0-5 g.), no unchanged mercurial could be 
detected after 2 hours, and a 95% yield of fluoroform was obtained. Addition of an iodide to zinc? or 


magnesium amalgam and mercury also increased the rate of reduction of bistrifluoromethylmercury,in 
presence of water. 
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625. Electric Dipole Moment Studies on the Conjugation and Stereochemistry 
of Some Unsaturated Ketones and Aldehydes. Parts I and II. 


By J. Breeze Bentiey, K. B. Everarp, Rarpu J. B. Marspen, and L. E. Sutton. 


The electric dipole moments of twenty-three ketones and aldehydes are reported. 

Aliphatic compounds are considered in Part I, wherein it is shown that conjugation and 
possibly hyperconjugation lead to permanent electron drifts in directions to be expected on 
current theories. The magnitudes of these are roughly the same in the different molecules. 
A quantitative comparison of the observed moments of mesityl oxide and of phorone with 
those. calculated from the actual moments of cyclic analogues reveals that the former com- 
pounds have cis-configurations about the C-C single bonds, bringing the terminal methyl 
groups adjacent to the oxygen atoms. Mono- and di-benzylideneacetone probably also adopt 
this configuration. It is shown in each case that there is less steric interference with con- 
jugation in this configuration than in the trans-form. On the other hand, the moments of 
acraldehyde, crotonaldehyde, and cinnamaldehyde are best explained on the basis of a trans- 
configuration, 4.e., one with the double bonds parallel to one another. 

In Part II the moments of acetophenone and six methyl derivatives thereof are discussed. 
With these compounds the elec ron drifts are less obvious, and there is no evidence for hyper- 
conjugation between the nuclear methyl groups and the carbonyl group. The steric effect of 
two ortho-methyl groups is believed to reduce conjugation in acetomesitylene relative to those 
acetophenones with at least one ortho-position free: this contrasts with the views of J. W. 
Baker (J., 1938, 445, etc.), which are accordingly discussed. When only one ortho-position is 
occupied, the acetyl group adopts preferentially a configuration in which its oxygen atom, 
rather than its methyl group, is adjacent to the ortho-methyl group. 


Ir is now generally conceded that the peculiar properties of aliphatic ketones and aldehydes 
with conjugated systems (see, e.g., Gilman, “‘ Organic Chemistry,” Vol. I, Wiley, 1943, 
p. 672) are due to resonance between various structures involving p-electrons, or, in other 
words, to delocalised x-bonds formed from them. This view is a re-interpretation and extension 
of the theories propounded by Robinson and Ingold. One consequence is that “ electron 


drifts,” which may be represented as eS, should arise in the ground state of the 
molecule. 

The following physical methods have been employed to study the various effects of this 
conjugation : 

(1) Thermochemical measurements. The heats of hydrogenation of the C—C bonds in 
crotonaldehyde and in but-2-ene are 25 and 28 kcals./mole respectively (Dolliver, Gresham, 
Kistiakowsky, Smith, and Vaughan, J. Amer. Chem. Soc., 1938, 60, 440). 

(2) Ultra-violet spectroscopy. The ionisation potentials of the non-bonded oxygen electrons 
and of the carbonyl p-electrons are 10°18 and 11°3 e.v. respectively in acetaldehyde, and 10-06 
and 11-2 e.v. in acraldehyde. The N—-> A, and N —-> I, electronic transitions occur at 
longer wave-lengths in acraldehyde and crotonaldehyde than in acetaldehyde, and in mesityl 
oxide and pulegone than in acetone (Walsh, Trans. Faraday Soc., 1945, 41, 498; 1946, 42, 68; 
1947, 43, 158). 

(3) Infra-red and Raman spectroscopy. The stretching frequency of the carbonyl bonds in 
mesityl oxide, phorone, and crotonaldehyde is less than in acetone and acetaldehyde (Thompson 
and Torkington, J., 1945, 640; Hibben, ‘‘ The Raman Effect and its Chemical Applications,” 
Reinhold, 1939, p. 197). 


(4) Molecular orbital treatment of the acraldehyde molecule yields the following mobile- 
0-920 0-374 0-819 
bond orders and z-electron distribution : C———————-C-—_C—__O ... These values 


+0174 —0-051 +0°375 —0°495 


0-895 
should be compared with those in an unconjugated carbonyl bond: C——————O (Coulson, 


+0477 —0-447 
Trans. Faraday Soc., 1946, 42, 106; extended and checked by L. E. Orgel, unpublished 
calculations). . 

The measurement of the dipole moments of a number of such compounds was originally 
undertaken to provide further evidence of such resonance, which would cause the unsaturated 
compounds to have a moment additional to that of the saturated ones and could also cause 
the conjugated system to become coplanar. Both effects might be detectable. 

Advantage has been taken of the fact that if the conjugated system forms part of a ring, 
its configuration is substantially fixed; thus the presence of a small moment in the C—C bond 
which is conjugated with the C—O bond would give a ketone with configuration (I) a moment 
larger than that of a ketone with configuration (II). These latter moments may be related 
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by means of a set of bond moments, which may be deduced from measurements on cycli¢ 
ketones of known configuration, and may then be used in turn to deduce the (unknown) con. 
figurations of open-chain ketones and aldehydes. 


it 


A 
(L.) (II.) 


The work on the aliphatic compounds was begun by J. B. Bentley and R. J. B. Marsden 
in 1931, and some of the preliminary results have been communicated by L. E. Sutton in the 
Faraday Society Discussion on “ Dipole Moments ” (Trans. Faraday Soc., 1934, 30, 789; see 
also ibid., Appendix); these results have been revised by L. E. Sutton and K. B. Everard, 
and are now presented in detail, together with some recent work on cyclopentanone, cyclo- 
hexanone, and some nuclear-methylated acetophenones.. An opportunity for studying these 
last compounds was provided by a gift of samples made to us by Mr. G. T. Kennedy of Trinidad 
Leaseholds, Ltd. The dipole moments prove to be useful in discussing steric and electronic 
interaction between the methyl and acetyl groups in these compounds. 


EXPERIMENTAL. 
(Temperatures are uncorrected unless otherwise stated.) 
(Preparations by J. BREEZE BENTLEY.) 


Crotonaldehyde.—A commercial specimen was thrice distilled in an atmosphere of carbon dioxide, 
a column being used; the fractions, b. p. 96—109°, 102—106°, and 102-4—103°, were retained. The 
product was dried (MgSO,) between the second and the last distillation (Kekulé, Annalen, 1872, 162, 
97, gives b. p. 104—105°). 

Mesityl Oxide (Freer and Lachman, Amer. Chem. J., 1897, 19, 887).—Acetone was saturated with 
gaseous hydrogen chloride and set aside overnight; the oil which separated on pouring the solution 
into water was washed with water (thrice), potassium hydroxide solution Berl ign water (once), 
dried (Na,SO,), extracted with dry ether, and twice fractionated through a 5-bulb Young-Thomas 
column. The fraction, b. p. 127-4—128-4°, comprising nearly all the second distillate, was used {Perkin, 
J., 1888, 58, 587, gives b. p. 129-5—130° (corr.); Luginin, Ann. Chim. Phys., 1898, [vii], 18, 332, gives 
128-39°; Mannich and Hancu, Ber., 1908, 41, 575, give 130—131°}. 

Phorone.—Claisen’s method was used (Amnalen, 1876, 180, 4). The product was steam-distilled 
from calcium carbonate and then distilled. The fraction, b. p. 185—190°, was recrystallised from ligroin 
(b. p. 40—60°) and then had m. p. 25—27° (Baeyer, Annalen, 1866, 140, 302, gives m. p. 28°). 


(Preparations by Ratpn J. B. MarspeEn.) 


3 : 5-Dimethylcyclohex-2-enone.—Ethyl acetoacetate and acetaldehyde were condensed in the cold 
in the presence of piperidine (Knoevenagel and Klages, Annalen, 1894, 281, 104; cf. Rabe and Rahm, 
ibid., 19:4, $82, 10). The resulting diethyl 4-methylheptane-2 : 6-dione-3 : 5-dicarboxylate was boiled 
with an excess of 20% sulphuric acid to effect ring-closure and decarboxylation to 3 : 5-dimethyleyclo- 
hex-2-enone; this was then steam-distilled, extracted with ether, dried, and twice distilled, the fraction, 
b. p. 210—211°/739 mm., being used (Knoevenagel and Klages, loc. cit., give b. p. 211°; Hantzsch, 
Annalen, 1882, 215, 50, gives 208—209°; Cohnheim, Ber., 1898, $1, 1035, gives 208—210°; Wallach, 
Annalen, 1913, 397, 199, gives 211—212°). 

Pulegone.—‘‘ Pulegone Puriss.’’ (A. Boake Roberts & Co. Ltd.) was further purified by the method 
of Baeyer and Henrich (Ber., 1895, 28, 652) and distilled just before use. It had b. p. 108-5°/17 mm. 
(Kon, J., 1930, 1616, gives b. p. 109°/19 mm.). 

Mesityl Oxide.—This was prepared by boiling acetone under reflux through barium hydroxide and 
distilling the diacetone alcohol so obtained with a trace of iodine (Org. Synth., Vol. I, pp. 45, 53). The 
crude product was repeatedly fractionated through an efficient column, giving finally a main fraction 
of almost constant b. p., 128°/750 mm. 

2 : 5-Dicyclopentylidenecyclopentanone.—A sample kindly provided by Dr. B. K. Blount was 
recrystallised several times from methanol, and then formed pale yellow needles, m. p. 81° (corr.), 
tending to darken on exposure to air (Wallach, Ber., 1896, 29, 2964, gives m. p. 76—77°). 

Phorone.—This was made by saturating acetone with gaseous hydrogen chloride (Claisen, Joc. cit.), 
distilling the crude product, recrystallising it several times from ligroin (b. p. 60—80°) with cooling, 
and finally centrifuging. It had m. p. 28° (corr.). 

2-Benzylidenecyclohexanone.—Wallach’s results (Ber., 1907, 40, 71) could not be reproduced, owing 
to the 2: 6-di- forming at the expense of the mono-benzylidene compound. The following method, in 
which precautions were taken to avoid evaporation of the solution, proved reasonably satisfactory. 
20 G. of benzaldehyde in 50 c.c. of ethanol were added to 100 g. of cyclohexanone (ca. 1 : 4 molar pro- 
portions) in 75 c.c. of ethanol containing 5 c.c. of 3N-sodium hydroxide. The yellow mixture was cooled 
in a closed flask with ice for 14 hours, just acidified with dilute hydrochloric acid, and poured into 400 
c.c. of water. The dense oil which separated was extracted with ether and distilled; the fraction, 
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b. p. 183—205°/26 mm., which solidified on cooling was recrystallised from ligroin and from ethanol, 
Sol then dried in a desiccator. 1-5 G. of white crystals, m. p. 54° (corr.), were obtained (Wallach, loc. 
cit., gives m. p. 53°). 

2 : 6-Dibenzylidenecyclohexanone (Wallach, Ber., 1907, 40, 71; Vorlander and Hobohm, ibid., 1896, 
99, 1837).—The results obtained by following Wallach’s directions were unsatisfactory. The follow- 
ing method proved suitable. cycloHexanone (5 g.) and benzaldehyde (11 g.) were dissolved in ethanol 
(20 c.c.) and 3N-sodium hydroxide (10 c.c.) was run in; heat was evolved and the solution became brown. 
The solution was warmed for a few minutes on the water-bath, and on cooling almost solidified. The 

roduct, recrystallised from ethanol, formed golden-yellow crystals (6 g.), m. p. 118-5—119° (Wallach, 
loc. cit., gives m. p. 116—118°). 

2 : 5-Dibenzylidenecyclopentanone (Vorlander and Hobohm, Joc. cit.).—cycloPentanone (10 g.) and 
benzaldehyde (24 g.) were dissolved in 50% ethanol (100 c.c.), and 20% sodium hydroxide solution 
(25 c.c.) was added. The yellow paste which formed on stirring was washed with water and thrice 
recrystallised from ethanol (charcoal once), forming fluffy pale yellow crystals (10 g.), m. p. 191-3° 
(Vorlander and Hobohm, Joc. cit., give m. p. 189°). 

2: 7-Dimethyl- and -Diphenyl-benzcycloheptatrienone.—These ketones were prepared by condensing 
o-phthalaldehyde (from o-xylene: Thiele and Giinther, Annalen, 1906, 347, 107) with distilled B.D.H. 
diethyl ketone and with dibenzyl ketone, respectively; the latter ketone was made by the dry dis- 
tillation of calcium phenylacetate (Apitzsch, Ber., 1904, $7, 1429). The 2: 7-dimethyl compound 
recrystallised from ligroin (charcoal) as white feathery plates, m. p. 85-2,° (corr.) (Thiele and Weitz, 
Annalen, 1910, 377, 7, give 85°); the diphenyl compound crystallised from ethanol as pale yellow 
tabular crystals, m. p. 119° (corr.) (Thiele and Weitz give m. p. 118-5°). 

6-Phenylhexa-3 : 5-dien-2-one.—This was prepared by condensing acetone with cinnamaldehyde in 

resence of aqueous sodium hydroxide (Diehl and Einhorn, Ber., 1885, 18, 2320) ; it was twice recrystal- 
fised oon ether (charcoal), forming pale yellow needles, m. p. 66-3° (corr.) (Dieh] and Einhorn give 
m. p. 68°). 

y craldehyde.—‘‘ Acroleine Pure, stabil ’’ (Poulenc Fréres) was twice distilled in the dark at 760 mm., 
all corks being coated with sodium silicate (Org. Synth., Vol. V1, p. 1). The fraction, b. p. 52-3—52-6°, 
was used (Moureu, Boutaric, and Dufraisse, ]. Chim. physique, 1920, 18, 333, give b. p. 52-5°/760 mm.). 

Cinnamaldehyde.—A good commercial sample was fractionated from quinine under reduced pressure ; 
it was redistilled just before use and had b. p. 121—123°/12—14 mm. (Peine, Ber., 1884, 17, 2117, gives 
b. p. 128—130°/20 mm.; von Reckenberg, “ Einfach u. Fraktionerte Destillation,’’ 2nd Edn., p. 300, 
gives b. p. 112°/8 mm.). 

(Preparations by K. B. EveRARD.) 

cycloPentanone.—A pure specimen kindly provided by Dr. S. G. P. Plant was fractionated; the 
portion used had b. p. 131°/775 mm. [Beilstein’s ‘‘ Handbuch ” quotes b. p. 129°, 130—130-5° (corr.)]. 

cycloHexanone.—Water was removed from a B.D.H. specimen with potassium carbonate, and 
cyclohexanol with calcium chloride (Walden and Birr, Z. physikal. Chem., 1933, A, 165, 32). The product 
was then fractionated twice, through a column. The portion, b. p. 156-0°/755 mm., was used (Weiss- 
berger and Proskauer, “ Organic Solvents,” O.U.P., 1935, give b. p. 156-1—156-8°/760 mm.). It had 
nb, ! -44848, whence, if dn/dt = —0-0005, n}®* is 1-4524 (“ Internat. Crit. Tables,”’ Vol. VII, p. 39, quotes 
nie’ 1-45242). 

. Methylacetophenones.—Samples supplied by Mr. Kennedy had been made by acetylating pure 
aromatic compounds (Noller and Adams, J. Amer. Chem. Soc., 1924, 46, 1889); they were dried (CaCl,) 
and twice fractionated in vacuo just before use. Specimens used distilled over a range of <0-5°.. B. p., 
d, and m (communicated by Mr. Kennedy) are given in Table I, with values of nj? from the literature 


TABLE I. 


Pressure, ny nv 
a. (obs.). (lit.). 
1-006 1-5335 1-5341 * 
ae 1-5390 1-5388 * 
— 1-5295 1-5293 * 
0-997 1-5331 a= 
0-977 1-5163 1-5168 ft 
0-986 1-5396 1-5386 * 
* From “ Internat. Crit. Tables,” Vol. VII; dx/d# assumed as —0-0005. 
+ Beilstein’s ‘‘ Handbuch ”’ quotes 108°/12 mm. t von Auwers, Annalen, 1919, 419, 120. 


for comparison. Since the dipole moment of 2 : 4: 5-trimethylacetophenone appeared to be anomalous 
(see p. 2970), it was repurified more scrupulously by repeated fractional freezing and drying im vacuo. 
The m. p. of the pure substance was found to be 15-4,° (corr.; contrast the values 10°, 11°, quoted in 
Beilstein’s ‘‘ Handbuch ”’), but this was depressed 0-2,° after only 5 minutes’ exposure in a beaker to 
laboratory air, showing that the compound is hygroscopic.* The m. p. in contact with water is 14-2°. 
The dry liquid had d}° 0-9946 and n? 1-5375, giving [R]p 50-97 c.c. Dielectric-constant measurements 
on solutions of both specimens agreed. 


(Preparation by P. G. EDGERLEY.) 

Acetophenone.—Preliminary drying (CaCl,) of a commercial specimen was followed by four fractional 
freezings, one-fifth being poured off each time. It was finally dried (P,O,) in vacuo overnight, and not 
exposed to light It had m. p. 19-2° (Livingston, Morgan, and Lammert, J. Amer. Chem. Soc., 1924, 64, 
881, give m. p. 19-655°). 


* Our handling technique for liquid solutes minimises the risk of measurements being vitiated by 
atmospheric contamination. 





Bentley, Everard, Marsden, and Sutton : 


PHYSICAL MEASUREMENTS, ETC. 


For explanation of symbols see p. 2963. 


TABLE II. 
Measurements in carbon tetrachloride solution at 25°. 
Se da. €. n?, rP,. 
Mesityl oxide. 
(D) 
0-028145 1-56017 2-5073 2-1333 


0-019995 1-56703 2-4250() 2-1329 
0-014133 1-57232 2-3661 2-1323 


Phorone. 
(D) 
0-013363 1-56731(Z) 2-3236(J) 2-1344 
0-009550 1-57236 2-2956 2-1338 
0-006664 1-57607 2-2748 2-1331 


Crotonaldehyde. 
0-014886 1-57525(J) 2-4615 2-1307 
0-019231 1-57258 — 2-1306 
0-025528 1-56831 2-6280 2-1300 
0-038667 1-56008 2-8320 2-1295 


TaBLeE III. 
Measurements in benzene solution at 25°. 
Se ; é. n*, 


3 : 5-Dimethylcyclohexenone. 

0-036419 3-0844 2-2539 
0-035493 3-0644 —_ 

0-024645 2-8216 2-2548 
0-022833 2-7817 —- 

0-017329 2-6759 2-2556 
0-014902 2-6039 2-2558 
0-013565 2-5748 2-2558 


Pulegone. 


0-020335 2-5232 2-2588 
0-018429 2-4990 2-2588 
0-011201 2-4027 2-2582 
0-008018 2-3714 2-2579 


Mesityl oxide. 


0-034478 2-6452 2-2486 
0-021535 . 2-5051 2-2515 
0-014940 2-4338 2-2570 
0-008827 2-3680 2-2519 


2 : 5-Dicyclopentylidenecyclopentanone. 
0-008131 2-3581 2-2618 
0-005462 2-3315 2-2605 
0-005060 2-3275 2-2600 
0-001427 2-2874 2-2580 


Phorone, 
0-025527 2-4708 2-2567 
0-018912 2-4191 2-2568 
0-013346 2-3759 2-2570 
0-007360 2-3296 2-2570 


2-Benzylidenecyclohexanone. 


0-007609 2-3816 2-2622 
0-005704 2-3566 2-2612 
0-003693 2-3255 2-2599 
0-002193 2-3035 2-2588 
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TABLE III (continued). 
Te d. €. nt, TP. 
(D) 
0-010086 0-8780 2-4178 
0-007075 0-8765, 2-3746 
0-004854 0-8757 2-3422 
0-003339 0-8752 2-3202 


2 : 6-Dibenzylidenecyclohexanone. 
0-013618 0-8837, 2-4756 2-2817 
0-010666 0-8816 2-4357 2-2763 
0-009975 0-8810, 2-4223 2-2755 
0-007775 0-8794 2-3901 2-2707 
0-007637 0-8792, 2-3870 2-2712 
0-005697 0-8779 2-3576 2-2643 
0-004599 0-8770 2-3426 2-2664 
0-003330 0-8761 2-3226 2-2628 


(D) 
0-007850 0-8793 2-3932 2-2712 
0-005601 0-8778 2-3580 2-2676 
0-003771 0-8765 2-3299 2-2642 


2 : 5-Dibenzylidenecyclopentanone. 
0-004506 0-8771 2-3533 2-2666 
0-004286 0-8769 2-3490 . 22662 
0-003156 0-8760 2-3292 2-2637 
0-002633 0-8757, 2-3196 2-2628 
0-001873 0-8752, 2-3055 2-2611 


2 : 7-Dimethylbenzcycloheptatrienone. 
(D) 
0-013439 0-8797 2-5351 2-2718 
0-009587 0-8780, 2-4594 2-2673 
0-006458 0-8767 2-3979 2-2640 
0-004295 0-8758 2-3559 2-2616 


(D) 
0-011546 0-8789 2-4983 2-2694 
0-008401 0-8776 2-4368 _ 
0-005630 0-8763, 2-3826 2-2630 


2 : 7-Diphenylbenzcycloheptatrienone. 
(D) 
0-011605 0-8846, 2-5232 2-2844 
0-009122 0-8823 2-4621 2-2776 
0-006130 0-8795 2-3990 2-2708 
0-004122 0-8776 2-3573 2-2662 


(D) 
0-014306 0-8872 2-5747 2-2894 
0-009985 0-8831, 2-4836 2-2799 
0-006650 0-8800 2-4125 2-2721 
0-004462 0-8779, 2-3665 2-2672 


6-Phenylhexa-3 : 5-dien-2-one. 
0-007750 0-8760 2-4134 2-2654 
0-005625 0-8754 2-3741 2-2632 
0-003514 0-8748, 2-3368 2-2609 
0-003060 0-8747 2-3272 2-2603 
0-001940 0-8744 2-3075 2-2592 


Acraldehyde. 
0-041118 0-8723 2-7455 2-2491 
0-036156 0-8724(Z) 2-6835 2-2506 
0-020297 0-8729(7) 2-5005 2-2535 
0-017927 0-8730(J) 2-4665 2-2543 
0-009876 0-8732,(J) 2-3855 _ 


Cinnamaldehyde. 
0-022842 0-8797 2-7025 2-2681 
0-012279 0-8771 2-5040 2-2631 
0-007258 0°-8757 2-4091 2-2606 
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TABLE IV. 
Measurements in benzene solution at 25°. 
E12: Vi 10%An. . E12. 


cycloPentanone. cycloHexanone. 
2-3660 1-1440 —67; 2-3787 1-1438, 
2-3657 1-1440 —67, 2-3757 1-1439, 
2-3066 1-1447 —27, 2-3248 1-1444, 
2-2951 1-1448 —18, 2-2912 1-1448, 


p-Methylacetophenone. Acetophenone. 
2-3643 1-1437, —_ 1-1392 
2-3385 1-144], 2-3535 — 
2-3151 1-1445, 2-3313 —_— 
2-2916 1-1448, 2-3091 11441, 
2-2943 1-1445 
2 : 5-Dimethylacetophenone. 
2-3220 1/1441, 3 : 4-Dimethylacetophenone, 
2-3156 1-1443, 2-4177 1-1429, 
2-3044 1-1445, 2-3640 1-1440, 
2-2824 1-145], 2-3494 1-1443, 
2-3189 1-1447, 
2 : 4-Dimethylacetophenone. 2-3035 1-1450, 
2-3500 1-1436, . 2-2866 1-1454, 
akan 11442" 2:4: 6-Trimethylacetophenone, 
2-3012 1-1446, 2-3406 1-1440, 
2-2885 1-1449, 2-3247 1-1442, 
2-3189 1-1443, 
2:4: 5-Trimethylacetophenone. 2-3123 1-1444, 
2-3542 1-1436 3-2063 b-1468, 
2-3292 1-1440, : 2:2961 ~— 
2-3101 1443, 2-2827 1-14.50, 
2-2938 -1446, 
2-2802 —_ 


2-4019 —_— 
2-3330 — 
2-2966 — 


TABLE V. 


Substance. ’ @P old. aP new. ph. 
Crotonaldehyde (in CCl,) (XIV) 281-1 278-4 5 
3 : 5-Dimethylcyclohex-2-enone 362-043 365-3 0 
Pulegone 229-7+0-5 236-0 . “0 

8 
8 
6 
3 


Tt 


Mesityl oxide 192-6+0-5 194-3 
Mesityl oxide (in CCl,) 193-0 197-9 
2 : 5-Dicyclopentylidenecyclopentanone ... 231 +1 215-7 
Phorone 160-3+0-2 160-6 6 
Phorone (in CCl,) ( ) 167-0 167-8 . 2-40 
2-Benzylidenecyclohexanone (IX) (1&2) 263-543 262-0 ° 3-14 
2 : 6-Dibenzylidenecyclohexanone (1) 297 +5 . ¥ 
(2) 293-841 292-5 an 3-09 
2 : 5-Dibenzylidenecyclopentanone 33] +5 332-2 . 3-36 
2: 7-Dimethyl-4 : 5-benzcycloheptatrienone (XII) (1) 332-2,+0-5 337-8 3-66 
2 335-5 +0-5 . 
2: 7-Diphenyl-4 : 5-benzcycloheptatrienone (XII) (1) 376-5+0-5 388-6 3-69 
(2) 384-641 ° 
6-Phenylhexa-3 : 5-dien-2-one 312-7,4+3 319-6 . 3-52 
Acraldehyde (XITI) 186 +4 189-3 : 2-90 t 
Cinnamaldehyde 312-44+0-5 313-3 , 3-63 § 


Previous work: * 3-67 (gas phase). + 3-79 (benzene); cf. isophorone, which differs from (III) 
oy, by wy extra 5-methyl group, 3-96 (dioxan). ft 2-88 (benzene), 3-04 (gas phase). § 3-71 
benzene). 

These values are taken from “‘ Tables of Electric Dipole Moments”’ (Technology Press, Massa- 
chusetts Institute of Technology, 1949), hereinafter referred to as M.I.T. Tables. 
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TaBie VI. 


12 = © + ag; yg = 0, + Borg; An = yoo, 

(Solvent parameters are obtained by extrapolation.) 
Compound. ‘ } v». —Bp. 10*y. rP. 
cycloPentanone . 1-14509 0-129 197-0 
cycloHexanone , ° 1-14505 0-108 211-8 
Acetophenone P . 1-14499 0-178 216-7 
p-Methyl- } . 1-14523 0-137 256-6 
: ait , . 1-14568 0-156 277-7 
2- 1-14537 = 0-145 212-9 
1-14532 §=0-129 225-4 
+ 5- Trimethyl- , , 1-14505 0-122 264-4 
14:6 se 2-27 1-14528 0-101 212-2 


Previous work (from M.I.T. Tables, where not otherwise stated) : 


* 3-00+0-03 (benzene). 
¢ (i) 2-75 (benzene), Wolf, Z. physikal. Chem., 1929, B, 3, 128. 
(ii) 2-75 (solvent unspecified), Donle and Volkert, ibid., 1930, B, 8, 60. 
(iii) 2-8 (benzene, 25°), Williams, J. Amer. Chem. Soc., 1930, 52, 1831. 
(iv) 2-90 (dioxan), Halverstadt and Kumler, ibid., 1942, 64, 1982. 
(v) 3-02 (benzene, dielectric loss method), Whiffen and Thompson, Faraday Society Discussion 
on “ Dielectrics,’’ 1946, p. 114. 
(vi) 2-90 (benzene, dielectric loss method), Cripwell and Sutherland, ibid., p. 149. 


No observational data are given in papers (i) and (ii). The value 3-00 is wrongly given for (ii) in 
“A Table of Dipole Moments,”’ Trans. Faraday Soc., 1934, 30, Appendix. The value 2-8 (iii) is mis- 
printed in the original paper: the polarisations quoted therein lead to a value 2-9 [cf. paper (iv)]. 
In any case, in (iii) yP, was not extrapolated to infinite dilution; when this is done (by the method 
of Halverstadt and Kumler), the value 3-01 is obtained for » 

2-97 (benzene); 2-97 (benzene); 2-87 (toluene); 2-81, b "15 (chloroform) ; 2-85 (solvent unspeci- 
fied); 2-90+40-02 (benzene); 3-00 (gas phase); 2-77 (benzene) ; 3-67 (liquid); 2-96+0-02 (benzene), 
Cherrier, Compt. rend., 1947, 225, 1306; 2-881+0-03 (benzene), Kadesch and Weller, J. Amer. Chem. 
Soc., 1941, 63, 1310. 

§ 2-71+0-03 (benzene), idem, ibid. 
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Solvent purification, measurements, and computation of moments were carried out as 
follows: those in Table II (by J. B. B.) as described in J., 1933, 652; those in Table III (by 


R. J. B. M.) as described in J., 1936, 599; and those in Table IV (by K. B. E.) as described in 
this vol., p. 2312 (using a Jamin interferometer for refractive-index measurements) (see also 
Everard and Sutton, Trans. Faraday Soc., to be published, and Hill and Sutton, this vol., 
p. 746, for further details). In the earlier work two dielectric-constant cells were used: a 
dilution cell (measurements in which are labelled D) and a single-solution cell. All the 
later work was done with the latter. As a matter of interest, total polarisations at infinite 
dilution have been calculated in two ways: (a) by the old method of extrapolating polaris- 
ation—concentration graphs, which are curved (¢P old in Table V), and (b) by the more 
reliable method of Halverstadt and Kumler (J. Amer. Chem. Soc., 1942, 64, 2988), in which 
the slopes of the rectilinear dielectric constant— and specific volume—concentration graphs are 
used (;P new). The latter values are obtained without rejecting data, whereas in the former 
method some were rejected (in which case the letter R appears after the datum) and others 
either smoothed or interpolated (J). The difference between the two sets of polarisations, 
expressed as a standard deviation, is 2°2 c.c. %, the systematic error being insignificant. All 
dipole moments are based on the new values and are given in Debye units throughout. 

Atom polarisation is ignored, and molar refractions are not extrapolated to infinite wave- 
length. Symbols have the usual meanings (vide locc. cit.). Benzene at 25° was used as solvent 
except in the measurements recorded in Table II, for which carbon tetrachloride at 25° was 
used; mesityl oxide and phorone have very nearly the same moments in both solvents. The 
estimated experimental uncertainties correspond to + + 0°03 p. in the last column of Table V, 
and + + 0°02 p. in Table VI. 


DISCUSSION. 
Part I. Aliphatic. 


The major observations which need explaining are (a) that the moments of certain un- 
saturated ketones and aldehydes are greater than those of the corresponding saturated ones, 
and (b) that the reverse relation holds for others. It is obviously desirable that the results of 
our measurements should be discussed quantitatively, i.e., that we should show how the 
observed moments can be explained as differing combinations of various component moments. 
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This, however, can be properly done only if the number of observations is at least equal to 
the number of such independent variables. In the present instance it is readily obvious that 
this condition is not satisfied, even if we attempt to simplify the problem by ascribing con- 
stancy to moments which are probably variable. Had simpler compounds been obtainable, 
some of these difficulties might have been avoided; but in actuality we have to tolerate a 
number of complicating side-issues. 

Nevertheless, we have followed a quantitative procedure, because the complicated inter- 
relations can thus. be discussed more simply; but since there are more unknowns than observ- 
ations, we can ascribe component moments only by a method of trial and error, and we cannot 
necessarily claim to have found the best set. 

We have assumed the bond moments shown in a typical case in Fig. 1; yp, is the prima 
moment, taken as that of the saturated parent compound, viz., 2°75 for acetone (M.I.T. Tables : 
vide footnote, Table II), 3°01 for cyclohexanone, 2°93 for cyclopentanone and 2°49 for acetaldehyde 
(M.1I.T. Tables). pp, (0°1) and ps, (0°2) are parts of the conjugation moment; p, and yu, (each 
0°2) together correspond to the moment arising when methyl is substituted in ethylene (cf. 
the moments of propylene, 0°35, and of 2-methylbutadiene, 0°38; M.I.T. Tables); and pu, (0°6) 
and py, (0°1) together give the moment which arises when methyl is substituted at the end of a 
conjugated dienoid system (cf. Hannay and Smyth, J. Amer. Chem. Soc., 1943, 65, 1931; 1946, 
68, 1357). The direction of p, is as shown, save that it is taken as acting from R, to the middle 
carbon atom shown in Fig. 1 when R, = H instead of an alkyl group. It must be emphasised 

that the values of u, and uw, have been chosen because we 
find them satisfactory, and that the relations between p, 
and uw, and between p, and pu, have been guessed. 

We have taken induced moments into account by the 
method of Hampson and Weissberger (J., 1936, 393); its 
approximate nature needs to be stressed, especially for 
measurements in solution. Induction in the parent com- 
pound is already allowed for by our definition of y,. With 
the substituents, we assume that it is the groups which are 
polarised, and not the bonds. Refractions for the H, CH,, 
Me, and Ph groups are taken as 1°l, 4°6, 5°7, and 26 c.c., 
respectively. The polarising dipole is assumed to be at 
the point of contact of the carbon and oxygen atoms 

(taking the covalent radii), and to be 2°4 p. in all cases. The dielectric constant of the medium 
is assumed to be 2°27. The geometrical details assumed for the several molecules are given 
in Fig. 2. 

Ketones.—We will first consider cyclic compounds because they have less ambiguous con- 
figurations. The moments of cyclopentanone and of cyclohexanone are 2°93 and 3°01, respec- 
tively. The fact that both are larger than that of acetone (2°75) can be explained by induction, 


which is 0°3 in the former and 0°2 in the latter ; but the reason for the observed difference between 
the two cyclic ketones is obscure. 


O | O O oO 
| : AX OA AA 
AA 4 / 


(III.) ; (V.) (VI.) (VIL.) (VIII.) 
pu = 4-00 . 3-17 2-84 2-67 2-36 


The moments of 3 : 5-dimethylcyclohex-2-enone (III) and of pulegone (IV) are 4:00 and 3°02; 
so, whilst the latter is nearly the same as that of cyclohexanone, the former is greater by nearly 
1 p. The basis already described has been chosen to give these values as the calculated 
moments, the difference being caused partly by the different relative orientations of the C—C 
and C—O bonds in the two cases, and partly by the induced moment in the methyl groups 
which is antiparallel to the C—O moment in pulegone (ppan, = —0°14; Uperp, = O'1l) and 
parallel to it in the other compound (yyy, = +0°06). 

The effect of moving the methyl group from position 3 (in III) to position 2 is seen in the 
lower moment of carvone (V) (3°17; M.I.T. Tables. Calc.: 3°44). The discrepancy may be 


due in part to disregard of the moment of the isopropenyl grouping in position 5 which should 
reduce the total. 
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In the derivatives of acetone there is no ring to prevent relative rotation of the two parts 
of the molecule about the single bond in the dienoid system. There is, however, likely to be 
restraint arising from the tendency of the system to become planar, in order that the resonance 
energy may be a maximum. We shall therefore compare observed moments with those 
calculated for the extreme configurations which this restraint could cause. These are the 
so-called s-cis- and s-trans-configurations (Mulliken, Rev. Mod. Physics, 1942, 14, 265). 

The low moment (2°84) of mesityl oxide (VI), compared with those of (III) and (IV), 
demonstrates that the molecule has mainly the s-cis-configuration shown. The calculated 
moments for this latter and for the s-trvans-configuration are 2°52 and 3°88, respectively. 

2 : 5-Dicyclopentylidenecyclopentanone (VII) has a moment of 2°67, i.e., it is actually lower 
than that of cyclopentanone, 2°93. The calculated value is, however, 3°0. Whether this 
discrepancy is due to the values assumed for the conjugation moments being wrong, or to 
inadequate allowance for induction, it is not possible to say. 

The actual moment (2°36) of phorone (VIII) is-a little greater than that (2°1—2-3) predicted 
for the s-cis-, s-cis-configuration shown, but much less than those predicted for the s-cis-, s- 
trans- (3°2—3°6) and s-trans, s-trans- (4—5) configurations (the ranges of values show the 
uncertainty introduced by cross-conjugation : one branch may halve the conjugation moment 
in the other, or, at the other extreme, may leave it unaltered). Clearly, therefore, phorone 
has mainly the s-cis-, s-cis-configuration. 

The differences between py, and yy OF yn, and py; are due to neutralisation, in the former 
member of each pair, of moments at right angles to the primary one. 

Benzylidenecyclohexanone (IX) has a moment of 3°14, 7.e., somewhat larger than that of 
(IV), 3°02. The value calculated for the former is 3°19, if we assume that there is an induction 
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(IX.) (X.) (XI.) 
p= 3-14 3-31 


moment but no conjugation moment in the benzene ring. Compared with this, benzylidene- 
acetone (X) has a larger moment, 3°31 (M.I.T. Tables) (unlike VI compared with IV), which 
is greater than the values calculated for either the s-cis- (2°67) or the s-trans-configur- 
ation (XI) (3°10). The absence of alkyl groupings on carbon atom 2 in this compound allows 
the benzene ring to lie nearly coplanar with the rest of the conjugated system, and hence 
possibly to participate in the conjugation (see Fig. 2: R, = Me, R, = R, = H, R, = Ph; 
cf. R, = R, = CH,, R,; = H, Rg = Ph). A more quantitative discussion of this point will 
be deferred until other benzylidene compounds have been considered (see p. 2966). The trans- 
configurations of these compounds about the C—C double bond, which are shown, are likely 
to be favoured for steric reasons; and the moment of (IX) confirms this. 

The moment of 2 : 6-dibenzylidenecyclohexanone (3°09) is less than the value 3°37 calculated 
on the assumption of induction but no conjugation in the benzene ring; the particular reason 
for this discrepancy, as in the case of (VII), is not obvious. The moment of 2 : 5-dibenzylidene- 
cyclopentanone (3°36) agrees well with the calculated value (3°35), again on the basis of no 
conjugation in the benzene ring. The moment of dibenzylideneacetone (3°28; M.I.T. Tables) 
is, however, larger than the value calculated on this basis for either the s-cis-, s-cis- (2°61) or 
the s-cis-, s-trans-configuration (2°8—3°0). It is roughly equal to that for the s-trans-, s-trans- 
form (3°2—3°4); but in deciding which of these configurations is adopted, we ought to consider 
the possible effects of conjugation involving the benzene rings, which has already been indicated 
in the monobenzylidene compound. This will be done when we discuss cinnamaldehyde 
(p. 2966). 

The moments of 2 : 7-dimethyl- and 2 : 7-diphenyl-benzcycloheptatrienone (XII), observed 
as 3°66 and 3°69, cannot usefully be calculated because of uncertainties about ring geometry 
and some of the component moments; but the comparison of one with the other is interesting. 
In both compounds there are quite large antiparallel moments arising from induction in the 
groups R; these are greater for R = phenyl (0°6) than for R = methyl (0°2,). However, the 
methyl groups are likely to give rise to a further antiparallel moment because they are attached 
to the ends of a polyenoid system. This could account for the approximate equality of the 
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moments of the two compounds. The moment of the unsubstituted compound (R = H) is 
probably about 4°3, indicating a large contribution from the conjugation of the carbonyl group 
with the polyenoid system. 

The moment of 6-phenylhexa-3 : 5-dien-2-one (Ph*CH:CH-CH:CH-CMe‘O, 3°52) compared 
with those of its ‘“‘ vinylogues”’ acetophenone (Ph*CMe:O, 2°96) and benzylideneacetone 
(Ph-CH:CH-CMe.O, 3°31) indicates that lengthening the conjugated system increases the extent 
of conjugation. 

Aldehydes.—Hurdis and Smyth (J. Amer. Chem. Soc., 1943, 65, 89) measured the moments 
of several aldehydes in the gas phase; they found for acetaldehyde 2°72, for propaldehyde 
2°73, and for butyraldehyde 2°72. The corresponding values in solution are 2°49, 2°54, and 
2°57 (M.1.T. Tables). That of acraldehyde is 3°04 (vapour) or 2°90 (solution); and this augment- 
ation has already been adduced as evidence of conjugation (Hurdis and Smyth, Joc. cit.). 

Although there is no possibility in aldehydes of using ring formation to fix the C—O bond 
in relation to the C—C bond, something can be learned about their stereochemistry by comparing 
the observed moments with those calculated for extreme configurations. This has already 
been done by Rogers (J. Amer. Chem. Soc., 1947, 69, 1243), but he has made various assumptions 
about the direction of his bond moments which (like ours) are not necessarily valid; and he 
has not actually calculated induced moments. We have included the latter, and have come to 
conclusions somewhat different from his, 

We have taken the same basis as for the ketones (Fig. 1), and from the results in Table VII 
it is clear that acraldehyde ft and crotonaldehyde adopt the s-irans-configuration,} but that 
it is impossible to say with certainty that methacraldehyde and tiglaldehyde do so. 


TABLE VII. 
Heale.- 


Compound. Formula. , -cis-. s-trans-. 
Acraldehyde CH,:CH-CHO 
Crotonaldehyde Me*CH:CH-CHO 
Methacraldehyde 2 CH,:CMe-CHO 
Tiglaldehyde Me-CH:CMe-CHO 
* Rogers, loc. cit. 
The methyl group in (XIV) is known to be trans to the formyl group (Blacet, Young, and Roof, 
PN a Chem. Soc., 1937, 59, 608). The methyl groups in (XVI) are disposed cis about the double 
nd, 

The moment of cinnamaldehyde is no less than 3°63. The difference between this and the 
moment of acraldehyde (2°90) cannot be explained by induction of a moment in the benzene 
ring, which is quite distant from the carbonyl dipole; the calculated values for the s-cis- and 
s-trans-configurations are 2°41 and 2°84, respectively. It seems essential to postulate a large 
contribution from conjugation of the ring with the dienoid system. The need for this has 
already been noted in the analogous compounds mono- and di-benzylideneacetone. It is 
reasonable to expect that the contribution will be the same in cinnamaldehyde and benzylidene- 
acetone, and of a related value in dibenzylideneacetone where there is cross-conjugation. If 
we can show that this is in fact true, the whole picture becomes more convincing. 

Assuming the magnitude of the above conjugation moment to be 0°8, and its direction to 
be from the centre of the benzene ring (positive pole) to the carbonyl oxygen atom (negative 
pole), and assuming also a ¢rans-configuration about the C—C bond, we obtain the results 
shown in Table VIII. It is apparent that we get consistency on this basis if we assume the 
s-trans-configuration for the aldehyde, the s-cis-configuration for benzylideneacetone, and the 
s-cis-,s-cis-configuration for dibenzylideneacetone though the choice between this and the 
s-cis-,s-trans-configuration is not quite so clear. 

On the same basis, the moments of mono- and di-benzylidenecyclohexanone are calculated 
as 3°71 and 3°8—4:2, respectively (observed, 3°14 and 3:09). The cause of this blatant dis- 
agreement is, as we have seen on p. 2965, the steric inhibition of conjugation in these two 
compounds. 

The Stereochemistry of the Unsaturated Ketones and Aldehydes.—From our comparisons of 
observed and calculated moments we have concluded definitely that in mesityl oxide the s-cis, 
and in phorone the s-cis, s-cis-configuration, predominate. For acraldehyde, crotonaldehyde, 

+ Added in proof.——Dr. H. Mackle finds that a preliminary radial-distribution analysis of the 


electron diffraction pattern for the vapour supports the view that the s-trans-configuration pre- 
dominates. 


t This is equivalent to Rogers’s cis-configuration. 
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and cinnamaldehyde, on the other hand, we have found s-tvans-configurations. There is a 
strong indication that benzylideneacetone, like the other conjugated ketones, has an s-cis-, 


TaBLeE VIII. 
Heale.- 


Compound. Formula. s-cis-. s-trans-. 
Cinnamaldehyde Ph-CH:CH-CHO , 3-01 3-55 
Benzylideneacetone Ph-CH:CH-CMeO 1 3-25 3-80 





$-cis-, S-cis-,  $-tvans-, 
S-cis-. S-trans-. s-trans-. 
Dibenzylideneacetone (Ph-CH:CH),CO 3-28 3-0—3-5* 3-4—4-1* 3-8—4-7* 
* Range to allow for uncertainty attending cross-conjugation. 


and a less strong one that the dibenzylidene compound has an s-cis, s-cis-configuration. It 
remains to consider whether these conclusions can be correlated with current theories of 
stereochemistry. 

Fie. 2. 


. 
‘ 
, 
‘ 
' 
' 
‘ 
’ 


s-cis-. s-trans-. 
Hydrogen atoms are shown as full lines, and methyl groups as dotted lines. 

The distance C—H is taken as 1-09 a. and C—Me as 1-54 a. (Pauling, ‘‘ Nature of the Chemical Bond,”’ 
Cornell, 2nd edn., 1945, pp. 161, 168); van der Waals radii are taken as H, 1-2; O, 1-4; Me, 2-04. (op. 
cit., p. 189). The dimensions on the diagrams are based on electron-diffraction results for glyoxal and for 
butadiene (LuValle and Schomaker, J. Amer. Chem. Soc., 1939, 61, 3520; Schomaker and Pauling, ibid., 
p- 1769). The same dimensions are taken for cyclohexanone, but not cyclopentanone, derivatives : calcul- 
ations for the latter are based on the assumption of regular pentagonal rings. 


As we have previously explained (p. 2965), the driving force tending to bring the atoms of 
a conjugated system into a plane is the tendency of the resonance energy to become a maximum ; 
but in such a configuration there may be steric interference energies which must be taken into 
account, and these may favour one or the other extreme configuration, or may in some cases 
prevent a coplanar configuration from being attained. 

Fig. 2 shows the stereochemical relations in the s-cis- and s-tvans-configurations. The full 
circles represent the van der Waals zones of hydrogen atoms, the dotted ones those of methyl 
(or methylene) groups. From this it can be seen that there is overlap of non-bonded atoms in 
mesityl oxide, phorone, mond- and di-benzylideneacetone, methacraldehyde, and tiglaldehyde, 
in either configuration. For mesityl oxide the interference is definitely less in the s-cis- than 
in the s-trans-form, because in the former there are two overlaps of 0°65 a., whereas in the latter 
there is one of 1°5 A., i.¢., rather more than twice as much. If the dependence of steric energy 
upon overlap, A, may be expressed as A”, the ratio of the steric energies is (2A)"/2(A)" = 2-1, 
and since n is probably quite large the ratio will be at least 2. 

For phorone the interference is less in the s-cis-, s-cis- than in the s-cis-, s-trans-form; the 
s-tvans, s-trans-form is very clearly eliminated. For dibenzylideneacetone it is rather less in 
the s-cis-, s-cis- than in the s-cis-, s-tvans-, and much less than in the s-tvans-, s-trans-configuration. 
The s-cis-configuration of monobenzylideneacetone is slightly the more stable : for methacralde- 
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hyde and tiglaldehyde there is no appreciable difference. In the last four cases, where the 
issue is not clear-cut, the overlap in either configuration is small. For acraldehyde, croton- 
aldehyde and cinnamaldehyde there is no appreciable overlap at all. 

Therefore, these stereochemical ideas explain convincingly the configurations found for 
mesityl oxide and phorone; their indications agree with those found for mono- and di-benzyl- 
ideneacetone; and they are compatible with, but give no explanation of, those found for the 
remaining compounds. 

In cases analogous to mesityl oxide it has been suggested that the carbonyl group may 
attract the neighbouring methyl group to give a six-membered ring, through dispersion forces 
and dipole attraction helped by contributions from hyperconjugated structures (see Dippy, 
Chem. Reviews, 1939, 25, 151; Smith and McReynolds, J. Amer. Chem. Soc., 1939, 61, 1963; 
Baker, see p. 2969); we find no obvious need for this ad hoc hypothesis. 

The s-tvans-configuration, which we believe to be assumed by acraldehyde, crotonaldehyde, 
and cinnamaldehyde (with methacraldehyde and tiglaldehyde doubtful), has been ascribed 
also to butadiene, penta-1 : 3-diene, glyoxal, and diacetyl (LuValle and Schomaker, Schomaker 
and Pauling, Hannay and Smyth, Mulliken, locc. cit.; Kohlrausch and Stockmair, Z. physikal. 
Chem., 1935, 29, B, 292; Mulliken and Rieke, Ann. Reports Prog. Phys., 1941, 8, 231; Walsh, 
Nature, 1946, 157, 768). For one of these latter (butadiene) Mulliken (loc. cit.), taking non- 
neighbour interactions into account by the molecular-orbital method, has shown that the 
conjugation energy is greater in the s-tvans-configuration. Further, Aston, Szasz, Woolley, 
and Brickwedde (J. Chem. Physics, 1946, 14, 67) have concluded from a consideration of the 
thermodynamic functions of butadiene that the s-tvans- should be more stable than the s-cis- 
form, by 2°3 kcals. per mole. Doubtless also an explanation of the stability of s-trans-acralde- 
hyde could be found along these lines. 

Evidence for Conjugation in the Unsaturated Ketones and Aldehydes.—The variations of’ 
moment for carbonyl compounds described in the foregoing sections cannot possibly all be 
explained by induction. The small moments of mesityl oxide, phorone, and dicyclopentyl- 
idenecyclopentanone might be; but the large ones of 3: 5-dimethylcyclohexenone, dimethyl- 
and diphenyl-benzcycloheptatrienone, 6-phenylhexa-3 : 5-dien-2-one, acraldehyde, croton- 
aldehyde, and cinnamaldehyde cannot be. 

The explanation we have offered, assuming conjugation moments to exist, seems much more 
satisfactory. This is, of course, in general agreement with the views based on either the 
electron-pair or the maolecular-orbital treatment of such molecules. Where quantitative 
comparison of observed and calculated x-bond moments is possible, the agreement is poor, 
e.g., for acetaldehyde and acraldehyde (Table IX). Such discrepancies are a common feature 
in comparisons of this sort (Hill and Sutton, Joc. cit.). 


TABLE IX. 
a-Bond moment. 
Compound. 
Acetaldehyde 
Acraldehyde 


* Obtained by subtracting o-bond moments of H—C (0-4) and C—O (0-8) from pigas. 
+ From the figures given on p. 2957. 


Although we have found it essential to allow for moments when methyl groups ate attached 
to unsaturated systems, the nature of these (i.e., their direction relative to the conjugated 
system) is not such as to require that they be explained by hyperconjugation, though, on the 
other hand, the information that we get on this point is not sufficiently rigorous to enable us 
to reject this hypothesis, because of the complications of induction. It seems, therefore, that 
the possibility still remains that these moments arise from an inductive effect. 


Part II. Aromatic. 


The situation is in principle somewhat simplified for aromatic compounds, because we can 
find the direction of the resultant moment of acetophenone by appropriate substitution in the 
benzene ring, provided that we can assume that the moment of neither substituent is affected 
by the presence of the other (Sutton and Hampson, Trans. Faraday Soc., 1935, 31, 945; Le 
Févre, ‘‘ Dipole Moments,” Methuen, London, 1948, p. 63). The direction of the moment of 
the parent compound is calculated to be within 1° of 130° to the Ph—Ac bond, from its measured 
moment (2°96) together with those of -methylacetophenone (3°23) and toluene (0°4; this and 
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other values are selected from M.I.T. Tables), or of p-chloroacetophenone (2°28; N.B. misprint 
in M.I.T. Tables: see the papers cited therein) and chlorobenzene (1°55), or of p-bromo- 
acetophenone (2°29) and bromobenzene (1°55). This information may be used, together with 
the moment of o-xylene (0°54), to calculate the moment of 3: 4-dimethylacetophenone (the 
method of calculation is similar to that described by Le Févre, op. cit., p. 90; alternatively, 
it may be assumed that the molecule is equally probably in one of the two coplanar configur- 
ations). Since the calculated and observed moments agree within 0°06, it appears that the 
3-methyl group does not much disturb the time-average of the symmetry of the acetyl group 
about the Ph—Ac bond. 

The moment of acetone is ca. 2°75 along the C—O bond. The replacement of a methyl 
group by a phenyl thus raises the magnitude of the moment to 2°96, and alters the direction 


~ 
by 7° (taking the Ph——C—O angle as 123°; Part I). The moment calculated for acetophenone 
on the basis described in Part I, if the moment in the benzene ring is taken as p, + yp, (0°3), 
is 3°13 at 14° to the C—O direction, which is about as good agreement as can be expected from 
such simple calculations. 

The consistency of the angle values for the acetyl group moment indicates that the several 
substituents Me, Cl, and Br interact very little with it. A similar negative indication is given 
by solution measurements of p-nitrotoluene and p-tolyl cyanide, which agree with the calculated 
values within less than about 0°05. This would mean that the hyperconjugation to which the 
moment of toluene has been attributed (Coulson, Quart. Reviews, 1947, 1, 172) is not appreciably 
affected by the introduction of the other substituents. 

There is, however, evidence that the methyl group can interact with the carbonyl group 
in aliphatic compounds (Part I) and in p-tolualdehyde (Hurdis and Smyth, J. Amer. Chem. 
Soc., 1943, 65, 89), though one of the measurements on which the latter case was chiefly based 
has been disputed (Coomber and Partington, J., 1938, 1444; cf. Kadesch and Weller, J. Amer. 
Chem. Soc., 1941, 68, 1310). The balance of dipole-moment evidence seems to be against 
there being interaction between a p-methyl group and the other substituents, sufficient to 
cause a change of more than ca. 0°05 p. 

Steric Inhibition of Resonance.—Kadesch and Weller (loc. cit.) find that the moment of 
acetomesitylene (2: 4: 6-trimethylacetophenone) is 0°17 lower than that of acetophenone; 
we confirm this, our difference being 0°15. They further find that of acetodurene to be 0°20 
lower, which difference is indistinguishable from the other. They accounted for this by 
supposing that the o-methyl groups force the acetyl group out of the plane of the ring and so 
reduce conjugation, as Hampson and his co-workers had already suggested for other polar 
groups * (J., 1937, 10; 1939, 981). We believe that this is the true explanation, especially 
in view of the striking evidence of reduced conjugation in acetomesitylene from its ultra-violet 
absorption spectrum (O’Shaughnessy and Rodebush, J. Amer. Chem. Soc., 1940, 62, 2906) 
and from its Raman spectrum (Saunders, Murray, and Cleveland, ibid., 1941, 68, 3121; 1942, 
64, 1181). 

On the other hand, J. W. Baker (J., 1938, 445; Trans. Faraday Soc., 1941, 37, 632; Baker 
and Tweed, J., 1941, 796), although he recognised that steric factors are certainly operative, 

concluded, from a survey of chemical reactivity, heats of combustion, and mole- 
cular refractions, that there is more conjugation in the 2: 4: 6- than in the 2: 4: 5- 
isomer; and he attributed this to the greater number of hyperconjugated struc- 
tures (especially XVII) which can be conceived for the former. The original 
papers must be consulted for details, but some of the evidence put forward 
is as follows: ~ 
(1) 2: 4: 6-Trimethylacetophenone, unlike the 2 : 4 : 5-isomer, will not react 
with any of the usual reagents for the carbonyl group (phenylhydrazine, etc.) ; 
(2) The (reversible) addition of a proton by sulphuric acid to the 2: 4: 5- 
isomer is complete; the addition to the 2 : 4 : 6-isomer under the same conditions is incomplete ; 

(3) The molecular refractions [R], are given as 52°7 (2: 4: 6-) and 50°3 c.c. (2:4: 5-); and 

(4) The heats of combustion of the liquid isomers are 8947 + 6 (2: 4:5-) and 8925+ 4 
(2: 4: 6-) cals./g., from which, with estimated values of L,, it is concluded that the resonance 
energy is 0°17 e.v. (3°9 kcals./mole) greater in the latter (2 : 4 : 6-). 

Observation (1) can be attributed to steric hindrance. So possibly may observation (2), 
but, furthermore, if the proton adds, the positive charge may be more easily delocalised in 

* The latter authors showed that the resultant of the moments induced in the methyl groups of 
the mesitylene and durene derivatives which they studied was either negligible or such as to augment 
the primary moment. We find zero resultant for the induced moment of coplanar acetomesitylene. 
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the 2: 4: 5- than in the 2: 4 : 6-cation, because in the former the protonated acetyl group can 
conjugate with the ring. 

Further examination of the molecular-refraction data, observation (3), shows that the 
value for 2:4: 5- is slightly greater than that for 2: 4: 6-trimethylacetophenone (Table X), 
some confusion having apparently arisen previously from a mistranscription. The referees 
of this paper have pointed out that the value found for the latter isomer is considerably lower 
than the calculated one (Table X), whereas that of the former agrees. 


TABLE X. 


2:4: 5-Trimethyl- 2:4: 6-Trimethyl- 
acetophenone. acetophenone. 
Observer(s). [Rla- [R]p. [Rla- [R]p. 
von Auwers * 50-34 50-76 49-85 50-19 
Kadesch and Weller ¢ — os oa 50-25 
Kennedy t — 51-6 —_ 50-2 
K. B. Everard § — 50-97 a — 
Calculated || 50-35 50-75 50-45 50-85 
* Ber., 1912, 45, 2764 (quoted in “ International Critical Tables,”” Vol. VII); Ann., 1919, 419, 120 
(the paper cited by Baker and Tweed, loc. cit.). + Loc. cit. t¢ Calculated from data in Table I. 
§ P. 2959. See also Table VI. _ || From values of » and d for acetophenone, ¥-cumene, mesitylene, 
and benzene quoted in “ International Critical Tables,’’ Vol. VII. 


The only one of these observations which seems to us to have any weight is (4), but we 
think that the balance of evidence shows that conjugation of the acetyl group with the rest of 
the molecule is less in 2 : 4 : 6-trimethylacetophenone than in the other compounds. 

The question of how far the steric effect of a single o-methyl group can suppress the conjugation 
(cf. Thomson, J., 1944, 404) is, unfortunately, not answered by the dipole moment evidence, 
because the lowering of the moment of 2: 5-dimethylacetophenone (2°85) relative to that of 
acetophenone (2°96) (which can be quantitatively explained by induction, if the conclusion 
at the end of the following paragraph is correct) is not accompanied by an appreciable lowering 
of that of 2:4: 5-trimethylacetophenone (3°22) relative to that of p-methylacetophenone 
(3°23). The spectroscopic evidence on this point (O’Shaughnessy and Rodebush, Joc. cit.) 
is that the relevant extinction coefficients of acetophenone and its 2: 4-dimethyl derivative 
are the same (that of 2 : 4 : 6-trimethylacetophenone is one-third as much), whilst the relevant 
wave-length is slightly increased by the substitution (that of 2: 4 : 6-trimethylacetophenone 
is decreased). Also 2:4: 6-trimethylbenzaldehyde, which is sterically similar to o-methyl- 
acetophenones, is fully conjugated (Kadesch and Weller; Saunders, Murray, and Cleveland; 
locc. cit.). The balance of evidence therefore indicates that a single o-methyl group is not 
sufficient to prevent conjugation; and the moment of 2:4: 5-trimethylacetophenone is 
therefore anomalous. 

We should expect that the acetyl group would attempt to take up one or other of the two 
positions in which it is coplanar with the ring, though the o-methyl group prevents it from 
doing so completely. From the effective sizes of the acetyl oxygen and the acetyl methyl 
group, it appears that the group could lie more nearly coplanar if it turns the oxygen atom 
toward the o-methy] group than if it turns its methyl group thereto. When the ring portion 
has an unsymmetrical moment, these configurations should be distinguishable, as for instance 
in 2: 4-dimethylacetophenone. In this compound, if the acetyl group could be coplanar, the 
moments would be 2°71 for the former configuration and 3°43 for the latter, or 3-09 for an equal 
mixture. The actual value is 2°95, which shows that the first configuration is the more favoured. 


To sum up: the dipole-moment measurements reported herein have enabled us to make 
more or less definite statements about the most favoured configuration of a number of molecules, 
which. have proved, or would prove, difficult to decide by other physico-chemical methods; 
and where two different methods have led to two different conclusions on stereochemical points, 
the dipole-moment evidence has given assistance in deciding between them. 


The authors are indebted to the Department of Scientific and Industrial Research for a grant to 
one of them (K. B. E.), to Mr. G. T. Kennedy of Trinidad Leaseholds Ltd. for the gift of chemicals, to 
Mr. L. E. Orgel for making the molecular-orbital calculations, and to Imperial Chemical Industries 
Ltd. for a grant to meet some of the cost of apparatus. 


Dyson PERRINS AND PHYSICAL CHEMISTRY LABORATORIES, 
OxFoRD. (Received, May 30th, 1949.]} 
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626. The Preparation of Benziminazoles and Benzoxazoles from 
Schiff's Bases. Part I. 


By F. F. STEPHENS AND J. D. Bower. 


2-Phenyl-benziminazoles and -benzoxazoles have been prepared in excellent yield by the 
dehydrogenation of the Schiff’s bases prepared from o-phenylenediamine and o-aminophenol 
respectively. Lead tetra-acetate has been used to effect these cyclisations. 


2-SUBSTITUTED benziminazoles are conveniently prepared by the oxidation of a mixture of 
o-phenylenediamine and an aldehyde (Weidenhagen, Ber., 1936, 69, 2263), using cupric acetate 
as the oxidising agent. It has been pointed out (Weidenhagen and Weedon, Ber., 1938, 71, 
2347) that the reaction proceeds by cyclisation of the mono-Schiff’s base first obtained; in 
practice, it is often expedient to isolate the Schiff’s base and to oxidise it in a subsequent 
operation (idem, ibid., p. 2350). Whilst attempting to prepare 5(6)-nitvo-2-p-nitrophenyl- 
benziminazole by this method we found the low solubility of the corresponding Schiff’s base 
(i.e., 4-nitro-N-p’-nitrobenzylidene-o-phenylenediamine) a disadvantage. Furthermore, when the 
oxidation was carried out (in nitrobenzene) the product formed a copper derivative which was 
difficult to convert into the free base. 

In view of the powerful dehydrogenating properties of lead tetra-acetate (e.g., Hahn, Kappes, 
and Ludwig, Ber., 1934, 67, 686) the preparation was attempted using this reagent, and 
5(6)-nitro-2-p-nitrophenylbenziminazole was obtained in high yield. The reaction was extended 
to the general synthesis of 2-phenylbenzoxazoles (including 2-styrylbenzoxazole, cf., Brown and 
Kon, J., 1948, 2147), high yields being obtained in most cases. Thus, whereas 2-p-nitrophenyl- 
and 2-m-nitrophenyl-benzoxazoles were prepared by Skraup and Moser (Ber., 1922, 55, 1080) in 
yields of 12% and 4%, respectively, the method now described gives yields of 80% and 70%. 

The Schiff’s base is dissolved or suspended in acetic acid or benzene; on the addition of one 
molecular equivalent of lead tetra-acetate the temperature of the mixture rises and the whole 
reaction is completed in two or three minutes. Further, it is not always necessary to isolate the 
Schiff’s base, good yields of 2-p-nitrophenylbenzoxazole being obtained directly from the oxida- 
tion of a mixture of p-nitrobenzaldehyde and o-aminophenol with lead tetra-acetate. 

It was shown that the nitrophenylbenzoxazoles could be readily reduced to the corre- 
sponding amines. With the exception of 5(6)-nitro-2-p-nitrophenylbenziminazole, only com- 
pounds derived from unsubstituted o-phenylenediamine and o-aminophenol are described in 
this communication. It is hoped to describe the Bz-substituted compounds more fully later. 

The application of this method of ring closure to other types of compounds is being studied, 


EXPERIMENTAL. 
(All m.p.s were determined with Anschiitz thermometers.) 


Schiff’s Bases.—The Schiff’s bases, detailed in Table I, were prepared by the general method described 
for N-m’-nitrobenzylidene-o-phenylenediamine. Other Schiff’s bases were prepared by methods already 
described in the literature. 

N-m/’-Nitrobenzylidene-o-phenvlenediamine. m-Nitrobenzaldehyde (7-5 g.) in ethanol (25 ml.) was 
added to a solution of o-phenylenediamine (5-4 g.) in boiling ethanol (25 ml.). The mixture was boiled 
for 5 minutes and cooled, and the product (8 g.) removed by filtration. Recrystallisation from ethanol 
gave red needles, m. p. 108°, of the Schiff’s base (Found: N, 17-1. C,;H,,O,N, requires N, 17-4%). 


TaBLeE I, 
Crystn. Analysis, N%, 
Schiff’s base. solvent. Colour. M. p. found. required. 
N-m’-Nitrobenzylidene-o-phenylenediamine A red 108° 17-1 17-4 
N-p’-Cyanobenzylidene-o-phenylenediamine orange 138—140 18-9 19-0 
4-Nitro-N-p’-nitrobenzylidene-o-phenylenediamine Cc red ca. 340 19-2 19-6 
(decomp.) 

A pale 182—183 10-8 11-0 

yellow 
B pale 107 5-7 5-8 

yellow 

B pale 117 2 1 
yellow 


2-(p-A cetamidobenzylideneamino) phenol 
2-(3’ : 4’-Methylenedioxybenzylideneamino) phenol 
2-(p-Chlorobenzylideneamino) phenol 


These Schiff’s bases all crystallised in needles. 
Crystallisation solvents used were: A = ethanol, B = aqueous ethanol, and C = dioxan. 


1 Found: N, 6-1; Cl, 15:3. C,,;H,,ONCI requires N, 6-0; Cl, 15°3%. 
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Benziminazoles and Benzoxazoles.—The benziminazoles and benzoxazoles, detailed in Table II, were 
obtained by treatment of the corresponding Schiff’s base, in benzene or acetic acid, with one molecular 
equivalent of lead tetra-acetate. After a few minutes the peaters was isolated by filtration, by dilution 
and filtration, or by dilution of the solution and removal of the solvent (by steam-distillation in the case 
of benzene). The amount of Schiff’s base employed for each preparation varied from 1 g. to 20 g. 


Taste II, 


Crystn. Yield, Analysis, N%, 
Compound. solvent. Colour. M. p. %. found. required, 

Benziminazoles. 
2-m-Nitrophenyl 
2-p-Nitrophenyl 
2-p-Cyanophenyl 
5(6)-Nitro-2-p-nitrophenyl 

Benzoxazoles. 
2-Phenyl 
2-p-Nitrophenyl # 
2-m-Nitrophenyl 

dophenyl 


yellow 207—208° 
yellow 

white 

yellow 


-— 


a 


yellow 

pale yellow 

pale yellow 

white 

pale yellow 

pale yellow 151—152 
white 99 

2- colourless 81° 
2-(3’ : 4’-Methylenedioxyphenyl) ’ 151—152 


Crystallisation solvents used were: A = ethanol, B = aqueous ethanol, C = glacial acetic acid, 
D = dilute acetic acid, E = chloroform, and F = xylene. 


1 Found: C, 76-8; H, 3-9; N, 19-1. Calc. for C,,H,N,;: C, 76-7; H, 4-1; N, 19-2%. 

2 2-p-Nitrophenylbenzoxazole was also prepared directly by heating a mixture of p-nitrobenzalde- 
hyde (1-5 g.) and o-aminophenol (1-1 g.) in hot glacial acetic acid (35 ml.) with lead tetra-acetate (4-5 
g.). The crude solid, on crystallisation from xylene (charcoal), gave the benzoxazole in pale yellow 
needles, m. p. 268°. 

8 Prepared in benzene; when acetic acid was used the product was a plastic solid difficult to 

urify. 
¥. ae N, 6-15; Cl, 15-6. C,;H,ONCI1 requires N, 6-1; Cl, 15-5%. 

5 Prepared from 2-(cinnamylideneamino)phenol [m. p. 90° (Found: N, 6-2. Calc. for C,,H,,ON: 
N, 6-3%). Méhlau and Adams (Z. Farbenindustrie, 1906, 5, 402) claim m. p. 79°). 

* Picrate, m. p. 166°. 

7 Whereas all the benziminazoles and the other benzoxazoles crystallised in needles, the 2-(3’ : 4’- 
methylenedioxyphenyl) compound was normally obtained in plates, seldom in needles. 

8 Found: C, 70:3; H, 4:0; N, 5-8. C,,H,O,N requires C, 70-4; H, 3-8; N, 5-9%. 
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6-Nitro-2-phenylbenzoxazole. 2-Phenylbenzoxazole (6 g.) was added slowly (10 mins.) to nitric acid 
(45 ml.; d 1-5) and the mixture set aside for 30 minutes at room temperature. The nitration mixture 
was poured into water (150 ml.), and the pale yellow precipitate (7-4 g.) removed by filtration. Crystal- 
lisation from acetic acid gave yellow needles (6-1 g.), m. p. 178—180° (Found: N, 12-0. Calc. for 
C,3H,O3N;, : N, 12-0%). 

6-Amino-2-phenylbenzoxazole. A suspension of 6-nitro-2-phenylbenzoxazole (2-4 g.) in glacial 
acetic acid (40 ml.) was hydrogenated at room temperature in the presence of Adams’s catalyst (initial 
hydrogen pressure: 50 lbs. per sq. in.). After 10 minutes the product (1-5 g.) was isolated by dilution 
with water. Recrystallisation from aqueous ethanol gave long pale yellow needles, m. p. 210—211° 
(Found: N, 13-1. Calc. for C,sH,,ON,: N, 13-3%). ; 

2-m-A minophenylbenzoxazole. This com und was similarly prepared (yield, 67%). 
from ethanol in pale pink needles, m. p. 178° (Found: N, 13-4. Calc. for C,;H,,ON,: N, %). 

2-p-A minophenylbenzoxazole. A mixture of 2-p-acetamidophenylbenzoxazole (4-8 g.) water (45 ml.), 
and sulphuric acid (5 ml.; d 1-85) was boiled under reflux for 1 hour, and then cooled and made alkaline 
with 50% sodium hydroxide solution. The solid, removed by filtration, gave, on recrystallisation from 
aqueous ethanol, light brown needles (2-7 g.), m. p. 169—170° (Found: N, 13-9%). 

We thank Dr. G. M. Dyson for his interest in this work, the Directors of British Chemicals and 
Biologicals Limited for permission to publish, the Analytical Division of this Company for all analyses, 
and Mr. J. A. Coombs for experimental assistance. 


CENTRAL RESEARCH ORGANISATION, 
BriTIsH CHEMICALS AND BIOLOGICALS LIMITED, 
LouGHBOROUGH, LEICs. [Received, June 3rd, 1949.] 
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627. Steroids and Related Compounds. Part VII. Some 
Derivatives of 5-Methyl-10-norandrost-8(9)-ene-3 : 6-diol-17-one. 
By M. Davis and V. PEtRow. 


Dehydration of 3 : 68-diacetoxyandrostan-5a-ol-17-one (III) with potassium hydrogen 
sulphate—acetic anhydride leads to the diacetate of an unsaturated diol to which the constitution 
5-methyl-10-norandrost-8(9)-ene-3 : 6-diol-17-one (IV; R =H) has been assigned. Evidence 
of an indirect character supporting this formulation has been obtained by a study of the 
transformation products of the diol. 3: 6-Diacetoxy-5- Se ene eee 
(IV; R= Ac), 5-methyl-10-norandrost-8(9)-ene-3 : 6: 17-trione (V), and 3: 6-diacetoxy-8 : 9- 
epoxy-5-methyl-10-norandrostan-17-one (VIII; R= Ac) have been examined for androgenic 
activity but are inactive. 


By dehydrating cholestanetriol diacetate (I) with acetic anhydride containing a trace of 
concentrated sulphuric acid, Westphalen (Ber., 1915, 48, 1064) obtained the diacetate of an 
unsaturated diol (‘‘ Westphalen’s diol ’’) (II) which Lettré and Miiller (Ber., 1937, 70, 1947) 
formulated as a 5-methyl-10-norcholest-9(10)-ene-3 : 6-diol, but to which Petrow, Rosenheim, 
and Starling (J., 1938, 677) assigned the constitution of a 5-methyl-10-norcholest-8(9)-ene- 
3: 6-diol. Petrow (jJ., 1939, 998) prepared substantial quantities of ‘‘ Westphalen’s diol ” 
by dehydrating (I) with potassium hydrogen sulphate-—acetic anhydride. He was thus able to 
study its transformations and his results, while not excluding a formula based on the conventional 
steroid skeleton, nevertheless provided strong indirect evidence supporting the 5-methyl-10- 
norcholestene-3 : 6-diol structure. The ‘‘ Westphalen ”’ series of compounds thus represents a 
new type of steroid and is, as such, worthy of further study, particularly from the standpoint of 
the relation between chemical structure and biological activity. 

The preparation of 36 : 68-diacetoxyandrostan-5a-ol-17-one (III), the androstane analogue 
of cholestanetriol diacetate (for configuration see Part VI; Davis and Petrow, this vol., p. 2536), 
has previously been described by, inter alia, Ehrenstein (J. Org. Chem., 1941, 6, 629), and the 
compound was readily obtained in satisfactory overall yield from dehydroisoandrosterone. 
When (III) was heated with potassium hydrogen sulphate-acetic anhydride at 100° for 15 
minutes, dehydration occurred to give a new unsaturated diacetate (A), C.,H;,0,, in 40—60% 
yield. The dehydration residues yielded, by fractional crystallisation and chromatography, 
a further small quantity of the diacetate (A), a minute amount of 38 : 5a : 68-triacetoxyandro- 
stan-17-one, and traces of substance (B), probably C,,H,,0,. A third dehydration product, 
an unsaturated diacetate (C), C,,H;,0;, hydrolysable to a diol, was obtained in low yield from 
only one of the many experiments performed, but the quantities of (B) and (C) available were 
too small to sie of more than a very rage examination. 


R’ 
Fe. OF 
X - = LY + 
Aco” was ae 
(III.) 


(IV.) (V.) (VI.) 


Yh 


= C,H,,0) 
RO Me 
R 


(VIII.) ves ) 


fF? The chemical properties of compound (A), the main dehydration product, are consistent 
with its formulation as a 3 : 6-diacetoxy-5-methyl-10-norandrost-8(9)-en-17-one (IV; R = Ac), 
removal of the C,,.-hydroxy grouping from (III) being accompanied by a pinacolic rearrange- 
ment. Thus the compound is unsaturated to tetranitromethane but does not give a colour with 
the trichloroacetic acid reagent. Jt differs from the known 8 : 6-diacetoxyandrost-4-en-17-ones 
recently described by Davis and Petrow (loc. cit.). It exhibits strong dextrorotation, the 
molecular-rotation differences between the ‘‘ Westphalen ’”’ type of compounds belonging to 
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the androstane and cholestane series showing fair agreement. It differs from the ‘‘ Westphalen ” 
diacetate, however, in failing to give a Tortelli-Jaffé reaction, resembling in this respect the 
behaviour of the ‘‘ Westphalen ” diketone, 5-methyl-10-norcholest-8(9)-ene-3 : 6-dione (Petrow, 
Rosenheim, and Starling, Joc. cit.). 


Molecular-votation Differences. 
(M)p. 


3: 6 3: 6 3:6-  3:6-Diacetate 
-Diol. Diacetate. Dione. 8 : 9-oxide. A;. A;. As. 





5-Methy1-10-norcholest- 
8(9)-en +478°2 +4408°2 —182°2 +44°2 —70° —660° —434° 
5-Methyl-10-norandros- ... 


8(9)-en-17-one +702 +612 0 +238 —90 —702 —464 
1 Petrow, Rosenheim, and Starling (Joc. cit.). 2 Petrow, J., 1939, 1001. 


5-Methyl-10-norandrost-8(9)-ene-3 : 6-diol-17-one (IV; R =H), obtained by hydrolysis of 
the diacetate, was characterised by conversion into the dibenzoate (IV; R = Bz). Its oxidation 
with chromic acid furnished 5-methyl-10-norandrost-8(9)-ene-3 : 6 : 17-trione (V) in low yield, 
converted into a tvis-dinitrophenylhydrazone. When a limited quantity of chromic acid was 
employed for the oxidation, a partial oxidation product formulated as a 5-methyl-10-norandrost- 
8(9)-en-6-ol-3 : 17-dione (V1; R = H) was formed in addition to the triketone (V), its separation 
being rendered possible by its stronger adsorption on alumina. The same diketo-alcohol was 
the sole product when the diol (IV; R = H) was oxidised by the Oppenauer method, the com- 
pound being characterised by conversion into a monoacetate (VI; R= H) and monobenzoate 
(VI; R = Bz). 

Oxidation of (IV; R = H) with selenium dioxide followed the pattern established for the 
5-methyl-10-norcholestene analogue (see Petrow, loc. cit.), a triol being obtained, although in 
very low yield. The presence of three active hydrogen atoms in this compound was confirmed 
by a Zerewitinoff determination. It has therefore been assigned the constitution of a 5-methyl- 
10-norandrost-8(9)-ene-3 : 6: 11-triol-17-one (VII; R =H) and, in accordance with this 
formulation, gave what was apparently only a diacetate (VII; R = Ac) on gentle acetylation, 
although analysis of the product was not entirely satisfactory. 

Treatment of (IV; R = Ac) with monoperphthalic acid gave 3: 6-diacetoxy-8 : 9-epoxy-5- 
methylnorandrostan-17-one (VIII; R = Ac), alkaline hydrolysis of which gave the corresponding 
diol (VIII; R= H). Attempts to hydrolyse the oxide ring of the latter compound with dilute 
acid, were however, uniformly unsuccessful. 

Attempts to carry out the “‘ Westphalen ”’ rearrangement on 36 : 6a-diacetoxyandrostan-5a- 
ol-17-one and 38: 6a-diacetoxycholestan-5a-ol led to the isolation of the corresponding 
A‘-compounds in low yields. 

Biological Results —Dr. S. W. F. Underhill and Mr. W. S. Parr (Physiological Department, 
The British Drug Houses Ltd.) have kindly examined (IV; R = Ac), (V), and (VIII; R = Ac) 
for androgenic action and report as follows : The method used for determining androgenic activity 
was the response of castrated rats, the criterion being the increase in weight of the prostate and 
seminal vesicles. All three compounds failed to show androgenic activity, even in doses of 10 
mg. This result may be due to the presence of the 6-acetoxy- or 6-keto-grouping in the molecule. 
Thus Butenandt e al. (Ber., 1936, 69, 1163, 1158) showed that androst-4-ene-3 : 6 : 17-trione 
and androst-4-en-17-ol-3 : 6-dione (6-ketotestosterone) are devoid of androgenic activity, 
whilst androst-4-ene-3 : 17-dione and androst-4-en-17-ol-3-one (testosterone) are highly active. 


EXPERIMENTAL, 


M. p.s are corrected. Microanalyses and the Zerewitinoff determination are by Drs. Weiler and 
Strauss, Oxford. Optical rotations were measured in chloroform solution in a 2-dm. tube, limits of 
experimental error being given as the polarimeter employed could only be read to 0-03°. "Activated 
alumina was used for all chromatographic work. 

38 : 68-Diacetoxyandrostan-5a-ol-17-one (III) was prepared by the method of Ehrenstein (loc. cit.) 
from 3f-acetoxy-5a : 6a-epoxyandrostan-17-one (Ruzicka and Muhr, Helv. Chim. Acta, 1944, 27, 503). 

3B-Benzoyloxy-6B-acetoxyandrostan-5a-ol-17-one.—(a) 3B- Benzoyloxy -5a-6a-epoxyandrostan-17-one 
(100 mg.; m. p. 242—243°; Ruzicka, Grob, and Raschka, Helv. Chim. Acta, 1940, 23, 1518, give m. p. 
218—220°) was heated under reflux with glacial acetic acid (5 ml.) for 2 hours. The residue left on 
removal of the solvent im vacuo was crystallised from ether-light petroleum, giving 38-benzoyloxy- 
6B-acetoxyandrostan-5a-ol-17-one, prisms, m. p. 124° (decomp.) found: C, 72-0; H, 8-1. CygH 3,0, 
requires C, 71-8; H, 7-7%). (6) The same compound, m. p. 120—124° (decomp.), not depressed in 
admixture with the product obtained as in (a), was formed when 6f-acetoxyandrostane-38 : 5a-diol-17- 
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one (Ehrenstein, J. Org. Chem., 1941, 6, 626) was heated with benzoyl chloride in pyridine under reflux 
r 45 minutes. 

3 3 : 6-Diacetoxy-5-methyl-10-norandrost-8(9)-en-17-one (IV; R= Ac) and Related Compounds.—A 
solution of 38 : 68-diacetoxyandrostan-5a-ol-17-one (2 g.) in acetic anhydride (10 ml.) containing powdered 
potassium hydrogen sulphate (0-5 g.) was heated on the water-bath for 15 minutes. The product 
obtained on pouring the solution into brine and keeping the mixture overnight was crystallised from 
methanol, giving 3 : 6-diacetoxy-5-methyl-10-norandrost-8(9)-en-17-one (40—60%), needles, m. p. 155— 
156°, (a]?? + 158° + 1° (c, 1-486) (Found: C, 71-1; H, 8-1. C,3H,,O, requires C, 71-1; H, 8-3%). 

The residues from the mother-liquors of several experiments were dissolved in benzene-light petroleum 
1:1), and the solution was passed through a column of alumina. Elution with the same solvents, 
followed successively by benzene, benzene-ether, and ether, yielded small quantities of the above 
diacetate, of 38 : 5a : 68-triacetoxyandrostan-17-one, m. p. 183—184° [alone or in admixture with an 
authentic specimen (Ehrenstein, loc. cit.)), and a trace of compound (B), fine needles from ether-light 

troleum, m. p. 205° (Found: C, 69-9; H, 8-4. C,,H;,O, requires C, 69-7; H, 8-0%). Compound (B) 

iled to give a Tortelli-Jaffé colour reaction and gave only a brownish colour with trichloroacetic acid. 
It was saturated towards tetranitromethane. Hydrolysis with ethanolic potassium hydroxide gave a 
product which did not crystallise satisfactorily and was reconverted into the original acetate, m. p. 203°, 
on acetylation. 

In on dehydration experiment with 2 g. of (III), a second crop of crystals (60 mg.) was obtained 
after removal of the main product (IV; R = Ac) (820 mg.). This fraction melted at 130—140° and, on 
crystallisation from aqueous methanol and ether-light petroleum, afforded compound (C), m. p. 164° 
(Found: C, 71-3; H, 8-3. C,3H,,O, requires C, 71-1; H, 83%). The compound gave a pale yellow 
colour with tetranitromethane, but did not give positive reactions with trichloroacetic acid or the Tortelli- 
po reagent. It was evidently a diacetate, as hydrolysis with methanolic potassium hydroxide, followed 
y crystallisation from benzene-light petroleum, gave a diol, m. p. 183—184° (Found: C, 75-2; H, 9-7. 
C,,H,,0; requires C, 75-0; H, 93%), reconverted by acetic anhydride—pyridine into the diacetate, 
m. p. 164°. 


5-Methyl-10-norandrost-8(9)-ene-3 : 6-diol-17-one (IV; R = H), obtained by hydrolysis of (IV; R = 
Ac) with 5% ethanolic potassium hydroxide, formed prisms from benzene, m. p. 235—236°, [a]?? + 230° 
+ 2° (c, 0-499) (Found: C, 74-6; H, 9-1. C,,H,,0, requires C, 75-0; H, 9-3%). 

3 : 6-Dibenzoyloxy-5-methyl-10-norandrost-8(9)-en-17-one (IV; R = Bz), obtained by treating the 
foregoing diol with excess of benzoyl chloride in pyridine for 45 minutes on the water-bath, formed 
feathery needles, m. p. 218° (Found : C, 76-7; H, 6-7. C3,;H3,0, requires C, 77-3; H, 7-1%). 

5-Methyl-10-norandrost-8(9)-ene-3 : 6 : 17-trione (V).—The foregoing diol (400 mg.) in glacial acetic 
acid (15 ml.) was treated dropwise with a solution of chromium trioxide (250 mg.) in 80% acetic acid 
(6 ml.). After 6 hours at room temperature, methanol (2 ml.) was added and the solution set aside 
overnight. The neutral fraction of the oxidation product yielded 5-methyl-10-norandrost-8(9)-ene- 
3:6: 17-trione as hard prisms (110 mg.) (from benzene-light petroleum), m. p. 175—177° (Found: C, 
75-9; H, 8-0. C,,H,,O, requires C, 76-0; H, 8-1%). The compound did not give the Tortelli-Jaffé 
reaction. 

The orange-coloured ¢ris-2 : 4-dinitrophenylhydrazone, prepared by warming the triketone (15 mg.) 
with 2: 4-dinitrophenylhydrazine (40 mg.) and concentrated hydrochloric acid (3 drops) in alcohol 
5 ml.) on the water-bath, and crystallised from chloroform—methanol, had m. p. 202—204° (decomp.) 
Found: N, 19-5. C,H ;,0,,N, requires N, 20-0%). 

5-Methyl-10-norandrost-8(9)-en-6-ol-3 : 17-dione (VI).—(a) The diol (IV; R = H) (160 mg.), dissolved 
in benzene (3 ml.), was shaken with a solution of chromium trioxide (85 mg.) in acetic acid (2 ml.) and 
water (1 ml.) for 5 hours at room temperature. The neutral fraction of the oxidation product was 
chromatographed in benzene containing a little light petroleum. Fractions 1 and 2 of the eluate yielded 
the triketone (25 mg.). Fractions 3 and 4 gave a trace of a mixture. Fraction 5, eluted with benzene, 
gave 5-methyl-10-norandrost-8(9)-en-6-ol-3 : 17-dione, prisms (from ether—acetone-light petroleum), 
m. p. 180—182° (Found: C, 74-9; H, 8-6. C, ,H,,O, requires C, 75-5; H, 8-7%). depressed to 140° 
by admixture with the triketone. (b) The diol (IV; R = H) (65 mg.) and aluminium isopropoxide 
(300 mg.) in acetone—benzene were heated under reflux for 52 hours. The solution was washed with 
dilute sulphuric acid and then water and dried, and the solvent was removed. The residue in benzene 
solution, after chromatographic purification and crystallisation from chloroform-light petroleum, 
yielded 5-methyl-10-norandrost-8(9)-en-6-ol-3 : 17-dione (32 mg.), m. p. 183—184°, not depressed on 
admixture with a sample prepared by method (a). The monoacetate formed needles, m. p. 153—154°, 
from ether-light petroleum (Found: C, 73-0; H, 8-5. C,,H,,O, requires C, 73-2; H, 82%). The 
monobenzoate likewise formed needles, m. p. 189—191°, from ether-light petroleum (Found: C, 76-3; 
H, 8-2. C,H 0, requires C, 76-7; H, 7-4%). The red 2: 4-dinitrophenylhydrazone had m. p. 176— 
178°, but there was insufficient material for analysis. 

5-Methyl-10-norandrost-8(9)-ene-3 : 6 : 11-triol-17-one (VII; R = H).—Solutions of selenium dioxide 
(270 mg.) in water. (3 ml.) and (IV; R = H) (270 mg.) in ethanol (10 ml.) were mixed and kept at room 
temperature for 7 days [35 mg. of Se deposited = 0-5 atom of Se]. The mixture was poured into water 
and extracted thoroughly with chloroform, and the extracts were freed from traces of selenium by 
washing them with potassium cyanide solution. The residue (260 mg.) left on removal of the chloroform 
was heated under reflux with light petroleum and kept overnight; the crystalline deposit was 
boiled with benzene and crystallised 3 times from chloroform—benzene. 5-Methyl-10-norandrost-8(9)- 
ene-3 : 6 : 11-tviol-17-one formed prisms, m. p. 202—203° [Found: C, 70-8; H, 8-3%; active hydrogen 
(Zerewitinoff), 2-74 atoms. C,,H,,0, requires C, 71:2; H, 88%; active hydrogen, 3 atoms]. The 
Tortelli-Jaffé reaction was negative. The diacetate (VII; R = Ac) formed needles, m. p: 116—118°, 
from benzene-light petroleum (Found: C, 71-9; H, 8-3. C,,H;,0,,C,H, requires C, 72-2; H, 7-9%), 
depressed below 100° on admixture with (IV; R = Ac). 

3 : 6-Diacetoxy-8 : 9-epoxy-5-methyl-10-novandrostan-17-one (VIII; R = Ac).—The diacetate (IV; 
R = Ac) (1-14 g.) in ether (10 ml.) was treated with an ethereal solution of monoperphthalic acid (12 
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ml. of 0-335n.) for 2 days at room temperature. The product, on crystallisation from benzene~light 
petroleum, gave 3 : 6-diacetoxy-8 : 9-epoxy-5-methyl-10-norandrostan-17-one (520 mg.), clusters of prismatic 
needles, m. p. TT [a]}¥ + 59° + 2-6° (c, 1-883) (Found: C, 68-0; H, 7-9. CysH3,O, requires 
C, 68-2; H, 8-0%). 

8 : 9-Epoxy-5-methyl-10-norandrostane-3 : 6-diol-17-one (VIII; R= H), obtained by hydrolysis of 
the foregoing diacetate with 4% ethanolic potassium hydroxide, formed prisms (from ethanol—benzene- 
light petroleum), m. p. 253—255° (Found : C, 70-7; H, 8-6. C, 9H,,O, requires C, 71-2; H, 8-8%). 

Dehydration of 38 : 6a-Diacetoxycholestan-5-ol.—The triol diacetate a 10 mg.) and potassium hydrogen 
sulphate (25 mg.) in acetic anhydride (1 ml.) were heated on the water-bath for 15 minutes. The product, 
on repeated crystallisation from methanol, gave 38 : 6a-diacetoxycholest-4-ene (30 mg.), m. p. 164—166°, 
not depressed on admixture with an authentic specimen. 

Dehydration of 3B : 6a-Diacetoxyandrostan-5-ol-17-one.—The diacetate (85 mg.) and potassium 
hydrogen sulphate (20 mg.) were heated in acetic anhydride for 2 hours on the water-bath. The product, 
which gave a blue colour with trichloroacetic acid, failed to crystallise, even after chromatography. It 
was therefore hydrolysed and, after chromatographic fractionation and repeated crystallisation, gave 
impure androst-4-ene-38 : 6a-diol-17-one, m. p. 168—180° (Found: C, 74-8; H, 9-4. Calc. for 
C,,H,,0,: C, 75-0; H, 9-3%), not depressed on admixture with an authentic specimen (Davis and 
Petrow, loc. cit.). 
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628. Studies on Trifluoroacetic Acid. PartI. Trifluoroacetic Anhydride 
as a Promoter of Ester Formation between Hydroxy-compounds and 
Carboxylic Acids. 


By E. J. Bourne, M. Stacey, J. C. Tattow, and J. M. TEDDER. 


The production of esters from alcohols and phenols by treatment with carboxylic acids in 
the presence of trifluoroacetic anhydride is described. The method can be u to esterify 
carboxylic acids in both the aliphatic and the aromatic series. In many cases the reaction 
proceeds spontaneously and is essentially complete within a few minutes. The general 
conditions of the reaction are relatively mild and enable, for example, acyl derivatives to be 
prepared in good yield from acid-labile glycosides. The method is particularly convenient for 
the acetylation and benzoylation of polysaccharides and also for the production of poly-esters. 


Durinc the course of a study of the preparation and properties of trifluoroacetates of 
carbohydrates, details of which will be given in subsequent communications, an attempt was 
made to prepare trifluoroacetyl derivatives of cellulose. Whereas there was no apparent 
reaction between untreated cellulose and trifluoroacetic anhydride, a sample of cellulose which 
had been swollen in glacial acetic acid dissolved slowly in trifluoroacetic anhydride. However, 
the product, which was readily soluble in chloroform, contained no fluorine and consisted of 
cellulose acetate. This observation prompted a comprehensive examination of the action of 
trifluoroacetic anhydride in the presence of carboxylic acids on various hydroxy-compounds, 
and some preliminary results are herein reported. 

We have shown that trifluoroacetic anhydride promotes the esterification of a wide range 
of alcohols and phenols by carboxylic acids in both the aromatic and aliphatic series. This 
new method seems to be generally applicable and convenient for the preparation of esters, which 
can be isolated rapidly and in good yield. 

Briefly, the technique consists in treating the alcohol or phenol with a slight excess of the 
requisite carboxylic acid in the presence of trifluoroacetic anhydride, following which the 
reaction mixture is poured into aqueous sodium hydrogen carbonate and the ester is isolated 
by one of the usual methods. Esterification frequently proceeds spontaneously and 
exothermally when the reagents are mixed and, in certain cases, is virtually complete by the 
time the temperature has returned to normal. This is true for the acetylation of 6-naphthol 
and mannitol and for the propionylation of «-methylglucoside. Benzoylation does not usually 
occur spontaneously and the best results are obtained when the reaction mixture is warmed. 
As a general method it is probably better to warm the carboxylic acid with trifluoroacetic 
anhydride for a short time before adding the hydroxy-compound. 

An important advantage of the new esterification process is that it can be applied, without 
modification, to cases in which the alcohol (or phenol) and carboxylic acid are both solids. 
Thus we have employed it successfully for the preparation of such esters as 8-naphthyl palmitate, 
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p-nitrobenzyl phenylacetate, phenyl adipate, and the* benzoates of phenol, $-naphthol, 
p-nitrobenzyl alcohol and mannitol. An attempt to prepare }-naphthyl toluene-p-sulphonate 
was only moderately successful. 

The conditions of the reaction are less drastic than those normally employed for the direct 
esterification of a hydroxy-compound with a carboxylic acid, as is shown by the fact that 
derivatives of acid-labile glycosides can be prepared in good yield. The acetates of a-methyl- 
glucoside and aa-trehalose and the tetrapropionate of a-methylglucoside have been obtained in 
55—80% yield. Sucrose, which is extremely sensitive to acid, has been converted into its 
octa-acetate in 67% yield. The moderate yield (28%) of crystalline product which resulted 
from the propionylation of maltose was probably due to the formation of a mixture of «- and 
g-octapropionates, from which only the «-form was isolated in crystalline state. 

Cellulose and amylose (prepared from Steadfast wrinkled peas), which are somewhat 
difficult to acetylate by the usual methods, dissolved within 60 minutes when warmed at 
50—60° with a mixture of acetic acid and trifluoroacetic anhydride. From both polysaccharides 
the fibrous acetylated products were soluble in chloroform and had acetyl contents greater than 
40%. Ina similar fashion, cellulose was converted into fibrous cellulose benzoate, having a 
benzoyl content of 60%. Although we have as yet no direct measure of the degree of 
degradation of the polysaccharide chains during this treatment, we believe that it is not 
extensive. 

Trifluoroacetic anhydride appears also to be a useful reagent for the synthesis of long-chain 
poly-esters from dihydric alcohols and dibasic acids, and from hydroxy-carboxylic acids. A 
poly-ester of the latter type, having m. p. >360°, was formed when p-hydroxybenzoic acid 
was treated with the anhydride alone for 15 minutes at 75°. 

The mechanism of the esterification has not yet been studied, but it does not appear that 
the role of trifluoroacetic anhydride is catalytic. In all successful experiments the molecular 
ratio anhydride : hydroxy-group has been more than unity, whereas when this ratio has fallen 
appreciably below unity very poor yields of esters have resulted. Tentatively, we suggest 
that the active acylating agent is a mixed anhydride of trifluoroacetic acid and the carboxylic 
acid concerned. We have found that trifluoroacetates are, in general, much less stable than 
normal carboxylic esters, which may explain their virtual absence from the reaction products. 

In conclusion, therefore, we recommend the general use of trifluoroacetic anhydride as a 
promoter in esterification reactions, since it enables an alcohol (or phenol) and a free carboxylic 
acid to react directly under mild conditions and obviates any necessity for preliminary conversion 
into the acid chloride or anhydride in cases where direct esterification is normally impossible. 
An esterification method of this type has been described for the preparation of cellulose esters 
(B.P. 285,858; B.P. 313,408); in this case the ‘‘ impeller ’’ is monochloroacetic anhydride, but 


a catalyst, namely, magnesium perchlorate or sulphuric acid, is also apparently necessary with 
this reagent. 


EXPERIMENTAL. 
(All yields quoted aredor pure materials.) 


Preparation of the Anhydride of Trifluoroacetic Acid.—Trifluoroacetic acid was distilled over 
phosphoric oxide, as recommended by Swarts (Bull. Acad. roy. Belg., Classe Sci., 1922, 8, 343). An 
improved yield (74%) was obtained with a smaller proportion of pentoxide (0-87 g. per g. of trifluoro- 
acetic acid); the product had b. p. 39° (Swarts recorded b. p. 39-5—40-1°) and d}f 1°52. 

p-Nitrobenzyl Acetate—A solution of p-nitrobenzyl alcohol (0-19 g.) in glacial acetic acid (0-70 c.c.) 
and trifluoroacetic anhydride (1-00 c.c.) was kept at 60° for 15 minutes, cooled, poured into aqueous 
sodium hydrogen carbonate, and exhaustively extracted with chloroform. The extract was dried 
(MgSO,) and evaporated to a syrup, which crystallised. When recrystallised from aqueous alcohol, 
the ester had m. p. 77—78° alone or in admixture with an authentic specimen. Yield, 0-20 g. (83%). 

B-Naphthyl Acetate—Heat was generated when trifluoroacetic anhydride (0-80 c.c.) was added to a 
mixture of B-naphthol (0-50 g.) and glacial acetic acid (3-50 c.c.). The reaction mixture was allowed to 
cool slowly and then was poured into sodium hydrogen carbonate solution and extracted as above. 
The product, after crystallisation from aqueous alcohol, had m. p. 70° alone or in admixture with an 
authentic specimen of 8-naphthyl acetate. Yield, 0-55 g. e's 

Mannitol Hexa-acetate.—When trifluoroacetic anhydride (4-94 c.c.) was introduced into a mixture 
of D-mannitol (0-50 g.) and glacial acetic acid (2-04 c.c.), considerable heat developed and the mannitol 
dissolved. The ester, isolated as above and crystallised from aqueous alcohol, had m. p. and mixed 
m. p. 122°, [aj}? +26-0° (c, 1-0 in chloroform). Yield, 0-98 g. (80%). 

2:3:4:6-Tetra-acetyl a-Methyl-p-glucopyranoside.—a-Methyl-D-glucopyranoside (0-48 g.) was 
heated at 60° for 15 minutes with glacial acetic acid (2-83 c.c.) and trifluoroacetic anhydride (1-80 c.c.). 
The tetra-acetate, isolated in the usual way and crystallised from aqueous alcohol, had m. p. 102° alone 
and in admixture with gn authentic specimen, [a]}® +129-5° (c, 1-0in chloroform). Yield, 0-51 g. (56%). 

Sucrose Octa-acetate-—Dry powdered sucrose (0-50 g.) was added to a cooled mixture of glacial acetic 
acid (1-20 c.c.) and trifluoroacetic anhydride (4:14 c.c.). After several hours at 0° and 64 hours at 
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room temperature, the reaction mixture was poured into sodium hydrogen carbonate solution and 
extracted as. above. Recrystallised from aqueous alcohol, the product had m. p. and mixed m. p, 
86—87°, [a]}? +58-6° (c, 1-0 in chloroform). Yield, 0-67 g. (67%). 

aa-Trehalose Octa-acetate.—Trehalose hydrate (U-21 g.) dissolved slowly in a mixture of glacial acetic 
acid (0-48 c.c.) and trifluoroacetic anhydride (1-05c.c.). After 2 hours at room temperature, the solution 
was worked up in the usual way. Two crystallisations from alcohol gave white needles, whose m. Pp. 
varied according to the method of drying (see Bredereck, Ber., 1930, 63, B, 959). Dried between filter 
papers, the product had m. p. 68—75°; dried for 15 hours ina vacuum-desiccator, it had m. p. 101—103° 
after shrinking at 70—75°; dried for 2 hours at 60°/12 mm., it had m. p. 102—103° and [aj}$ +161-9° 
(c, 1-0 in chloroform). Yield, 0-25 g. (68%) (Found: C, 49-4; H, 5-5. Calc. for CopHesOre : C, 49-5; 
H, 5-7%). 

Callorose Acetate.—Dry cotton wool (0-30 g.) was heated at 60° with glacial acetic acid (4-0 c.c.) and 
trifluoroacetic anhydride (6-6 c.c.) until it had dissolved (ca. 60 minutes). The solution was poured into 
aqueous sodium hydrogen carbonate, and the fibrous ester was thoroughly washed with water, before 
being dried at 60° in a vacuum (P,O,). Yield, 0-53 g. (98%) [Found: F, nil; Ac, 40—42 (in several 
experiments). Calc. for CygH,,0,: Ac, 44-8%]. 

Amylose Acetate.—The amylose sample had been isolated from Steadfast wrinkled peas by extraction 
with 30% chloral hydrate solution (Peat, Bourne, and Mary Nicholls, Nature, 1948, 161, 206). The dry 
polysaccharide (0-32 g.), glacial acetic acid (3-0 c.c.), trifluoroacetic anhydride (6-0 c.c.) and chloroform 
(6-0 c.c.) were heated at 50° for 1 hour. A small residue of undissolved material was removed by 
filtration through sintered glass. The polysaccharide ester was precipitated with light petroleum 
(3 volumes; b. p. 80—100°) and purified by re-precipitation from chloroform with light petroleum. 
The gelatinous product was hardened with light petroleum to a fibrous solid, which was dried at 60° 
in a vacuum. Yield, 0-46 g.(82%) (Found: Ac, 41-6. Calc. for C,,H,,O,: Ac, 44-8%). 

p-Nitrobenzyl Benzoate.—Benzoic acid (0-96 g.) and trifluoroacetic anhydride (1-0 c.c.) were heated 
together at 50° for 20 minutes before p-nitrobenzyl alcohol (0-25 g.) was introduced. . The heating was 
continued at 65° for 40 minutes before isolation of the ester by extraction with chloroform from aqueous 
sodium hydrogen carbonate. The product, crystallised from aqueous alcohol, had m. p. and mixed 
m. p. 89°. Yield, 0-29 g. (69%). 

Ethylene Dibenzoate-—Benzoic acid (1-50 g.) was dissolved in warm trifluoroacetic anhydride 
(1-80 c.c.) and ethylene glycol (0-28 c.c.) was added. After 30 minutes at 80°, the solution was poured 
into aqueous sodium carbonate and extracted with chioroform in the usual manner. The dibenzoate, 
after crystallisation from alcohol-light petroleum (b. p. 60—80°), had m. p. 73° alone and in admixture 
with an authentic specimen. Yield, 0-65 g. (48%). 

Phenyl Benzoate-—Phenol (0-50 g.), benzoic acid (1-30 g.), and trifluoroacetic anhydride (1-80 c.c.) 
were warmed at 60° for 25 minutes, cooled, and poured into aqueous sodium carbonate. Extraction 
with chloroform and crystallisation from aqueous alcohol gave phenyl benzoate, m. p. and mixed m.p. 
69-5°. Yield, 0-87 g. (82%). 

p-Naphthyl Benzoate.—When trifluoroacetic anhydride (1-00 c.c.) was added to a mixture of 
B-naphthol (0-50 g.) and benzoic acid (1-42 g.) heat was evolved and the solid reactants dissolved. After 
30 minutes, the ester was extracted in the usual manner. Recrystallised from aqueous alcohol, it had 
m. p. 106°, not depressed by an authentic sample. Yield, 0-69 g. (80%). 

Mannitol Hexabenzoate.—To a solution of benzoic acid (0-79 g.) in warm trifluoroacetic anhydride 
(1-40 c.c.), D-mannitol (0-09 g.) was added. The hexitol dissolved spontaneously and exothermally. 
After 30 minutes at room temperature the solution was worked up. Thé syrup recovered from the 
chloroform extracts crystallised when treated with alcohol-ether and had m. p. and mixed m. p. 149° 
(Found: C, 71-2; H, 5-1. Calc. for C,,H;,0,,: C, 71-4; H, 48%). Yield, 0-17 g. (41%). Miiller 
(Ber., 1932, 65, B, 1051) recorded m. p. 149—150°. 

Cellulose Benzoate-—Dry cotton wool (0-30 g.) was heated at 60° with benzoic acid (6-80 g.) and 
trifluoroacetic anhydride (7-80 c.c.) until dissolution was achieved (75 minutes). The cellulose ester 
was precipitated in fibrous form with alcohol, washed, and dried at 60° in a vacuum (P,O,). Yield, 
0-85 g. (97%) (Found: C,H,°CO, 60. Calc. for CyrHy,0; : C,H,°CO, 66-4%). 

B-Naphthyl Propionate. vent X -Naphthol (0-50 g.) was added to a pre-heated solution of propionic acid 
(0-45 c.c.) in trifluoroacetic anhydride (0-65 c.c.), and the reaction was completed by heating at 60° for 
30 minutes. The usual method of extraction, followed by crystallisation from aqueous alcohol, gave 
f-naphthyl propionate, m. p. and mixed m. p. 47-5°._ Einhorn and Hollandt (Annalen, 1898, 301, 95) 
give m. p. 51°. Yield, 0-47 g. (68%). 

a-Maltose Octapropionate. —Maltose hydrate (0-50 g. ) was introduced at 0° into a mixture of trifluoro- 
acetic anhydride (3-10 c.c.) and propionic acid (1-70 c.c.). After 15 hours at 10°, the solution was 
poured into iced aqueous sodium hydrogen carbonate. The syrup isolated from the chloroform extract 
ey crystallised, first from alcohol and then from isopropyl alcohol. The ester had m. p. and mixed 

p. 144° and [a]}® +53° (c, 1-0 in chloroform). Hurd and Gordon (J. Amer. Chem. Soc., 1941, 63, 
265%) Ose). p. 144° and [a]?? +55° (c, 8-0 in chloroform) for a-maltose octapropionate. Yield, 
0-32 Lg My’ % 

: 4: 6-Tetra-propionyl a-Methyl-p-glucopyranoside.—a-Methylgliucoside (0-48 g.) dissolved exo- 
pai}, £5 in a mixture of trifluoroacetic anhydride (1-90 c.c.) and propionic acid (1-55 c.c.). After 
20 minutes at room temperature, the ester was isolated in the usual manner. F Vaporation of the 
chloroform extract yielded a syrup which distilled at 170°/0-001 mm. and had [a]?? +110-7° (c, 1-0 in 
chloroform). Yield, 0-78 g. (77%) (Found: C, 54-7; 7-5; OMe, 7-31. Calc. for Cy9H 3.049: 
C, 54:5; H, 7-2; OMe, 7-42%). Wolff . Amer. Chem. Soc., 1945, 67, 1623) reported a-methylglucoside 
tetrapropionate to be a syrup with [a]? +114-5° in chloroform. 

Glyceryl Tripalmitate.—Palmitic acid (0-97 g.) slowly dissolved when warmed at 40° with trifluoro- 
acetic anhydride (2-30 c.c.). The solution was added to dry glycerol (0-077 g.), and the reaction mixture 
was kept at room temperature for 1 hour and then at 50° for 30 minutes before being poured into aqueous 


potassium carbonate. The bulk of the ester was extracted with chloroform, but etc ient separation of 
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the chloroform layer was hindered by the formation of an emulsion. A second fraction of the ester was 
recovered from the aqueous phase by precipitating the excess of palmitic acid as its calcium salt and 
extracting the filtrate with chloroform. The chloroform extracts were combined, washed with water, 
dried, and evaporated. The residue, after 2 crystallisations from ether, had m. p. 61—62°, depressed 
to 52° by palmitic acid. Yield, 0-48 g. (70%). Stephenson (Biochem. J., 1913, 7, 429) recorded 
m. p. 62° for glyceryl tripalmitate. The molecular weight of the product, determined cryoscopically in 
camphor, was ca. 780 (theoretical values of 806 and 256 for the tri-ester and the parent acid, respectively). 

p-Naphthyl Palmitate.—Palmitic acid (0-93 g.) and trifluoroacetic anhydride (2-90 c.c.) were mixed 
and kept at room temperature for 30 minutes before B-naphthol (0-49 g.) was added. After 45 minutes 
at room temperature and 5 minutes at 50°, the reaction mixture was neutralised and extracted in the 
customary fashion. Crystallised twice from alcohol, the palmitate had m. p. 67-5° and showed a marked 
depression — acid. Yield, 1-11 g. (85%) (Found: C, 81-6; H, 9-9. C,,H,,O, requires C, 
81-6; H, 10-0%). 

p-Nitrobenzyl Phenylacetate.—p-Nitrobenzy] alcohol (0-29 g.) dissolved spontaneously when added 
to a solution of phenylacetic acid (0-35 g.) in trifluoroacetic anhydride (0-95 c.c.). After 20 minutes at 
room temperature, the product was isolated as above and crystallised twice from alcohol in colourless 
needles, having m. p. 65-5° alone or in admixture with an authentic specimen prepared by the method of 
Lyman and Reid (J. Amer. Chem. Soc., 1917, 39, 701). Yield, 0-33 g. (64%). 

Phenyl Adipate.—Adipic acid (0-40 g.) dissolved in 30 minutes at room temperature in trifluoro- 
acetic anhydride (0-75 c.c.). The solution was heated at 50° for 40 minutes with phenol (0-49 g.), then 
diluted with chloroform, and washed with aqueous sodium carbonate. The chloroform layer was 
dried (MgSO,) and evaporated to a syrup, which crystallised from aqueous alcohol. The adipate had 
m. p. 105—106° (Found: C, 72-8; H, 6-0. Calc. for C,,H,,O,: C, 72-5; H, 6-1%). Yield, 0-45 g. 
(57%). Hill (J. Amer. Chem. Soc., 1930, 52, 4110) recorded m. p. 105-5—106°. 

p-Naphthyl Toluene-p-sulphonate.—Toluene-p-sulphonic acid (0-79 g.) was dissolved in warm 
trifluoroacetic anhydride (1-55 c.c.) and B-naphthol (0-48 g.) was added. After 3 hours at room 
temperature, the solution was poured into aqueous sodium carbonate and extracted with chloroform. 
The chloroform solution was evaporated and the residue dissolved in ether, washed twice with 0-5N- 
sodium hydroxide and then with water, and dried (MgSO,). The ether-soluble material was crystallised 
from alcohol and had m. p. and mixed m. p. 124°. Yield, 0-12 g. (13%). 

Polymerisation of p-Hydroxybenzoic Acid.—Trifluoroacetic anhydride (1-50 c.c.) was heated at 75° 
for 15 minutes with p-hydroxybenzoic acid (0-75 g.). The solid mass was ground with aqueous sodium 
hydrogen carbonate and then with chloroform. The insoluble fraction was dried to a white powder, 
which was practically insoluble in the common organic solvents. The powder showed a tendency to 
darken at 360°, but did not melt (p-hydroxybenzoic acid has m. p. 213°). 


The authors are indebted to Mr. H. D. Mackenzie for assistance in analysis and to Messrs. Imperial 
Chemical Industries Ltd. (General Chemicals Division) for supplies of trifluoroacetic acid. 
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629. Studies on the Fluorides of Molybdenum and Vanadium. 


By H. J. Emertus and V. GuTMANN. 


The compound molybdenum trifluoride was prepared by heating the tribromide to 600° in 
hydrogen fluoride. It was not converted into difluoride either by reduction or by thermal 
disproportionation. Molybdenum dibromide reacted with hydrogen fluoride at 800—860° 
forming the metal and hexafluoride. Fluorine converted the metal into hexafluoride at 350°. 
Vanadium dichloride heated in hydrogen fluoride at 700° yielded the trifluoride, which did not 
disproportionate at 800° and was reduced by hydrogen to the metal. At 300° fluorine 
converted the metal into pentafiuoride, which was also formed by the reaction of bromine 
trifluoride with the metal or the trichloride. Reaction of bromine trifluoride with mixtures of 
vanadium trichloride and potassium, silver or barium chlorides gave the hexafluorovanadates of 
these elements, that of potassium also being formed by the interaction of vanadium penta- 
fluoride and potassium fluoride and decomposing into these compounds at 330° in a vacuum. 


THE only simple anhydrous fluoride of molybdenum known hitherto is the hexafluoride (Ruff 
and Eisner, Ber., 1905, 38, 747; 1907, 40, 2926; Ruff and Ascher, Z. amnorg. Chem., 
1931, 196, 413). The known fluorides containing tervalent molybdenum are molybdenyl 
fluoride MoOF,4H,O (Wardlaw and Wormell, J., 1927, 1087) and the complex fluorides 
K{[MoF,],H,O and K,[Mo,F;],2H,O (Rosenheim and Li, Ber., 1923, 56, 2228). It has been found 
that molybdenum trifluoride is formed on heating the tribromide in hydrogen fluoride. This 
is a non-hygroscopic dark-pink powder, which is only slightly soluble in water and unaffected 
by 40% hydrofluoric acid, but decomposed by hot concentrated acids or by cold aqua regia. 
With cold solutions of sodium hydroxide there is a slow reaction, but the compound is dissolved 
by boiling with a mixture of sodium hydroxide and hydrogen peroxide. This fluoride is 
unaffected by organic solvents such as alcohol, carbon tetrachloride, or benzene. When it is 
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heated in the air molybdenum trioxide and hydrogen fluoride are formed, but in absence of air 
it neither melts nor sublimes at 800°. 

Molybdenum trifluoride resembles the trifluorides of vanadium, chromium, and iron. The 
high thermal stability of these compounds makes it impossible to prepare a bivalent and a 
higher fluoride by thermal decomposition, although the corresponding trichlorides and tri- 
bromides of molybdenum and vanadium are unstable at red heat and yield bivalent derivatives, 
Structurally the trifluorides of vanadium, chromium, molybdenum, iron, cobalt, palladium, 
and rhodium are closely related. The highest degree of symmetry is found in molybdenum 
trifluoride, which has the cubic rhenium trioxide structure. This is transformed by heat at 
800° in the absence of air and moisture into the distorted structure (unpublished observations 
with K. H. Jack). Both chromium and iron trifluoride may be reduced by hydrogen 
quantitatively to the difluorides (Jellinek and Rudat, Z. anorg. Chem., 1928, 175, 281), but the 
trifluorides of molybdenum and vanadium yielded only the metal. 

Attempts to prepare molybdenum difluoride by the reaction of the dibromide with hydrogen 
fluoride were unsuccessful : no reaction occurred up to 500°. At 700° there was a slow reaction 
the product of which was not homogeneous, and above 800° molybdenum hexafluoride and the 
metal were formed. The hexafluoride was not separated from hydrogen fluoride, but the 
weight of residual metal was in accord with the reaction scheme : 


Mo,Br, + 6HF == 3MoF, + 6HBr 
3MoF, == 2Mo + MoF, 


The molybdenum was characterised analytically and by X-ray powder photographs. It 
was found to be inert to hydrogen fluoride at 860°. Fluorine itself attacks metallic molybdenum 
at 60°, forming the hexafluoride (Ruff and Ascher, Joc. cit.). When this reaction was carried 
_ out at 350° with fluorine diluted with nitrogen no lower fluoride was formed. Bromine 
trifluoride attacked molybdenum with incandescence, the main product being the volatile 
hexafluoride, although a white residue which was probably molybdenum oxytetrafluoride 
remained in the silica reaction vessel. Molybdenum dibromide reacted with bromine trifluoride 
similarly, but less vigorously. In the course of these experiments with the molybdenum 
halides it was shown that the dichloride may be prepared very conveniently by the action of 
anhydrous hydrogen chloride on the tribromide at dull-red heat. 

Vanadium difluoride was not obtained by the action of hydrogen fluoride on the dichloride. 
The product was the trifluoride, which is believed to result from the reactions : 


VCl,+2HF = VF, + 2HCl 
VF, +HF = VF,+4#H; 


This mechanism, involving the decomposition of hydrogen fluoride by the strongly reducing 
difluoride, corresponds with observations by Manchot and Fischer (Amnalen, 1907, 357, 129). 
They prepared a violet-red solution by the action of hydrofluoric acid on vanadium aluminium 
silicide in the absence of air. This contained bivalent vanadium, presumably in the form of a 
difluoride, but on admission of air or addition of an excess of hydrogen fluoride a green solution 
containing tervalent vandium resulted. Hydrogen fluoride did not react with vanadium 
metal at a red heat, though chromium readily forms its difluoride under these conditions 
(Poulenc, Ann. Chim. Phys., 1894 [vii], 2, 60). Reduction of the trifluoride by hydrogen 
occurred above 500°, but only the metal was formed. 

Vanadium trifluoride was first prepared by Ruff and Lickfett (Ber., 1911, 44, 2539) by the 
action of hydrogen fluoride on the trichloride at red heat. It was found to be formed in small 
amounts by heating the metal in fluorine at 450°, whereby mainly the pentafluoride was 
formed. 

Vanadium pentafluoride was first obtained by Ruff and Lickfett (loc. cit.) by the thermal 
disproportionation of the tetrafluoride into tri- and penta-fluoride. The action of fluorine on 
the metal, which has not been studied previously, has been found to give the pentafluoride 
almost quantitatively at 300°. Bromine trifluoride also converted the metal into penta- 
fluoride with incandescence and reacted similarly, but much less vigorously, with vanadium 
trichloride. It proved difficult, however, to separate the products by simple distillation. 
Vanadium pentoxide or vanadium oxytrichloride on the other hand formed mainly vanadium 
oxytrifluoride, VOF;. 

An interesting new reaction of the pentafluoride was that with potassium fluoride, which 
yielded potassium hexafluorovanadate, KVF,. Since the pentafluoride is also formed by the 
action of bromine trifluoride on vanadium trichloride, it would be expected that the same salt 
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would be formed from bromine trifluoride and a mixture of potassium fluoride (or chloride) 
and vanadium trichloride. This proved a very convenient preparative method, and, by use of 
barium chloride and silver or silver chloride in place of potassium chloride, both barium hexa- 


fluorovanadate, Ba(VF.),, and silver hexafluorovanadate, AgVF,, were obtained. The potassium 


and silver salts were soluble in bromine trifluoride and in these cases the formation of 
hexafluorovanadate was quantitative. The barium salt, however, was insoluble and was not 
obtained completely pure but contained some barium bromofiuoride. The three hexafiuoro- 
vanadates were extremely hygroscopic and fumed in moist air, losing hydrogen fluoride and 
leaving an orange residue which contained vanadium pentoxide. The potassium and silver 
salts were soluble in cold water, undergoing hydrolysis, but the barium salt dissolved only with 
difficulty owing to the low solubility of barium fluoride, which was formed by hydrolysis. The 
potassium and the barium salt were white solids, whilst the silver salt was orange-red. 
All were decomposed by 50% sulphuric acid with precipitation of vanadium pentoxide. The 
potassium salt was stable in a vacuum up to 300° but decomposed at 330° into potassium fluoride 
and vanadium pentafluoride. The pentafluoride attacks glass readily at this temperature, but 
in suitable metal or refractory containers this decomposition could probably be developed as a 
preparative method for the pentafluoride. 

Structurally the hexafluorovanadates probably resemble the hexafluorophosphates. It 
has been shown that the latter are formed by the action of bromine trifluoride on phosphates of 
cations which form stable bromofluorides and a reaction mechanism involving the neutralisation 
of the bromofluoride by the hypothetical acid BrF,*PF,~ has been postulated (Emeléus and 
Woolf, in the press). In the formation of the potassium salt from potassium metaphosphate 
and bromine trifluoride, for example, the essential reaction is believed to be : 


K+BrF,- + BrF,+PF,- = KPF, +°2BrF, 


Vanadates do not react with bromine trifluoride in an analogous manner, but it is likely that 
the formation of hexafluorovanadates in presence of bromine trifluoride involves a similar 
unstable acidic substance BrF,*VF,-. The investigation is being continued to obtain further 
evidence for the existence of this compound and also to determine whether the behaviour of 
the fluorides of columbium and tantalum is similar. 


EXPERIMENTAL. 


Preparation of Molybdenum Tribromide and Dibromide.——Molybdenum powder, previously heated in 
hydrogen at 1000°, was heated at 450—500° with a stream of bromine vapour carried by dry nitrogen. 
The tribromide sublimed and was purified by treatment with cold water containing hydrobromic acid, 
filtration, and d ing in a vacuum (Muthmann and Nagel, Ber., 1898, 31, 2009) (Found: Mo, 29-9; 
Br, 70-5. Calc. for MoBr,: Mo, 28-5; Br, 71-5%). The dibromide was prepared in the same way 
but at a temperature of 600—650° (Lindner and Helwig, Z. anorg. Chem., 1925, 142, 180). Some 
tribromide sublimed and the involatile dibromide remained in the reaction tube as an orange residue 
containing some unchanged molybdenum. It was ground and re-treated with bromine to complete 
the conversion (Found: Mo, 37-9; Br, 62-5. Calc. for MoBr,: Mo, 37-4; Br, 62-6%). 

Preparation of Molybdenum Dichloride.—Preparations were made by the method of Lindner, Haller, 
and Helwig (Z. anorg. Chem., 1923, 180, 209; Ber., 1922, 55, 1458). This and other published methods 
appear to be less satisfactory than a new method involving the reaction of molybdenum tribromide with 
anhydrous hydrogen chloride at 500°. At 400° some trichloride and some unreacted tribromide is 
present in the reaction product, but at the higher temperature a yellow residue of anhydrous dichloride 
remains in the reaction tube, higher chlorides formed by disproportionation of the trichloride subliming 
off (Found : Mo, 57-3; Cl, 42-8. Calc. for MoCl,: Mo, 57-5; Cl, 42-5%). 

Preparation and Reduction of Molybdenum Trifluoride.—A platinum boat containing the tribromide 
was heated in a stream of hydrogen fuoride in a copper tube (65 cm. long, 2 cm. in diameter), the exit 
end of which was cooled to trap any sublimate. Asa preliminary the tube and its contents were heated 
in a stream of dry nitrogen to expel air and moisture. The course of the fluorination was followed 
roughly by holding a drop of silver nitrate solution on a loop of ———_ wire in the escaping fumes. 
At 350° the molybdenum tribromide became coated with a film of fluoride which retarded volatilisation 
of the tribromide. . Owing to this factor it was possible to raise the temperature gradually to 500° without 
any considerable loss from the boat. The product was cooled, ground, and reheated in hydrogen fluoride 
to 600° for 7 hours. This process was repeated and the conversion was then complete. When the 
molybdenum halide contained oxybromide as an impurity a sublimate of oxyfluoride was deposited in 
the cooled part of the tube, but with pure starting material the yield of trifluoride was 95%. 
Molybdenum trifluoride was analysed for molybdenum by dissolution in a mixture of sodium hydroxide 
and hydrogen peroxide, precipitation as sulphide, and convertion of this into oxide. Fluorine 
determination by the Willard—Winter method using 20% perchloric acid for distillation gave results 
about 20% low. The determination was therefore made by precipitation of calcium fluoride, followed 
Ki washing with 3% acetic acid to remove calcium molybdate (Found : Mo, 62-2, 62-8; F, 36-1, 35-7. 

OF, requires Mo, 62-8; F, 37:2%). 

Molybdenum trifluoride was reduced in pure hydrogen in the same apparatus. After treatment for 
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2 hours at 400° the compound was unchanged. At 440° there was a slight loss in weight and at 650° 
there was a 34% decrease in weight in ] hour, indicating reduction to the metal. Reduction to difluoride 
would require a loss of only 12-4% in weight. The presence of molybdenum was confirmed by X-ray 
powder photographs. 

Action of Hydrogen Fluoride on Molybdenum Dichloride and Dibromide.—At 500° the halides were 
practically unattacked by hydrogen fluoride, although a thin black layer was formed on the solid surface, 
At 730° reaction was very slow, small amounts of an unidentified green intermediate reaction product 
being observed. Prolonged reaction at this temperature gave a black powder, which still contained 
bromine or chlorine. When the dibromide was heated in hydrogen fluoride at 800—860° without 
previous heating at lower temperature, a grey powder remained. This was shown by analysis to contain 
97-2% of metallic molybdenum and traces of bromine. An X-ray powder photograph showed only 
molybdenum lines. 

Action of Fluorine on Molybdenum.—Molybdenum powder in a platinum boat was heated to 350° in 
nitrogen, which was then replaced in successive experiments by varying proportions of fluorine. In 
every case the metal was converted into a volatile fluoride and there was no indication of the formation 
of an involatile lower fluoride. 

Preparation of Vanadium Di- and Tri-chloride—Vanadium trichloride was prepared by a 
modification of Ruff and Lickfett’s method (Ber., 1911, 44, 506). A mixture of vanadium pentoxide 
{12 g.) and sulphur (6 g.) was heated in a current of dry chlorine at a temperature which was increased 
gradually to 550°. The dark brown distillate, consisting of VOCI,;, VCl,, and S,Cl,, was collected and 
refluxed for 10 hours with sulphur (11 g.). Sulphur chloride was distilled off and free sulphur was 
removed from the residual trichloride by heat in a vacuum at 300° (Found: V, 32-2, 32-5; Cl, 67-8, 
67-1. Calc. for VCl,: V, 32-4; Cl, 67-6%). Vanadium dichloride was prepared by thermal 
‘disproportionation of the trichloride (Ruff and Lickfett, loc. cit.). Reduction of the trichloride (Klemm 
and Hoschek, Z. anorg. Chem., 1936, 226, 361) gave a less pure product (Found: V, 41-3; Cl, 59-1, . 
Calc. for VCl,: V, 41-8; Cl, 58-2%). Vanadium oxytrichloride was prepared by the action of chlorine 
on vanadium pentoxide (Ruff and Lickfett, loc. cit.). 

Reactions of Vanadium Di- and Tri-chloride with Hydrogen Fluoride.—Anhydrous hydrogen fluoride 
reacted slowly with the dichloride at 700°, the product being the pure trifluoride (Found: V, 47-6; 
F, 53-4. Calc. for VF,;: V, 47-2; F, 52-8%). The trifluoride was also prepared from hydrogen fluoride 
and vanadium trichloride at 600° (Ruff and Lickfett, Ber., 1911, 44, 2539). Fluorine was determined 
by the Willard—Winter method using 20% perchloric acid for distillation, since decomposition with 50% 
sulphuric acid was incomplete. 

Preparation of Vanadium Pentafluoride and Potassium Hexafluorovanadate.—Vanadium powder in a 
nickel boat, contained in a heated copper tube connected to a cooled nickel trap, was allowed to react 
with fluorine at 300° (at 160° the metal remained unattacked). The crude distillate was purified by 
trap-to-trap vacuum-distillation in a silica apparatus. It was analysed for vanadium by dissolution in 
sodium hydroxide and titration with potassium permanganate. Fluorine was precipitated as calcium 
fluoride, which was then decomposed with 20% perchloric acid to separate it from calcium vanadate 
(Found: V, 35-1; F, 64-0. Calc. for VF,: V. 34-9; F, 65-1%). 

To potassium fluoride (0-3 g.) in a Pyrex tube attached to the vacuum system an excess of vanadium 
pentafluoride was added. The tube was sealed off in a vacuum and kept at room temperature for 
3 days, after which unchanged pentafluoride was distilled off in a vacuum. A hygroscopic white 
residue of potassium hexafluorovanadate remained (Found: V, 25-5, 25-7; F, 55-2, 55-0. KVF, 
requires V, 25-0; F, 55-7%). 

Preparation of Hexafluorovanadates by use of Bromine Trifluoride.—The experimental procedure was 
similar to that used in the preparation of bromofluorides (Sharpe and Emeléus, /., 1948, 2135). Bromine 
trifluoride was added cautiously to accurately weighed quantities of vanadium trichloride and 
potassium chloride cooled by liquid air in a silica flask, attached by a ground joint to the vacuum 
system. When the bromine trifluoride was allowed to melt a reaction set in which was completed, after 
the addition of an excess of the reagent, by heat at 130°. Excess of bromine trifluoride was removed 
in a vacuum, the last traces being removed by warming the residue to 50°. Fluorine was determined 
by decomposing the salt with 50% sulphuric acid and silica, and titrating the fluosilicic acid distilled 
with thorium nitrate solution. Vanadium was determined by titration with potassium permanganate 
(Found: K, 19-7; V, 24-9; F, 55-1; equiv., 203. KVF, requires K, 19-2; V, 25-0; F, 55-8%; equiv., 
204). Silver hexafluorovanadate was prepared similarly from metallic silver, or silver chloride, and 
vanadium trichloride. Silver was precipitated as silver bromide and the filtrate used for determination 
of vanadium (Found: Ag, 38-7; V, 19-2; F, 41-6%; equiv., 267. AgVF, requires Ag, 39-3; V, 18-8; 
F, 419%; equiv., 272). Burium hexafluorovanadote was prepared by use of barium chloride (Found : 
Ba, 31-7; V, 21-8; F, 46:1%; equiv., 442. BaV,F,, requires Ba, 29-3; V, 21-9; F, 48-8%; equiv., 


7). 

Thermal Decomposition of Potassium Hexafluorovanadate.—A weighed amount of the salt was heated 
in a Pyrex tube connected by a cooled silica trap to the vacuum line, a small plug of glass wool being 
placed in the top of the heated tube to prevent the carry-over of solids. No reaction occurred up to 
300°, but at 330° reaction was =. vanadium pentafluoride collected in the trap, and potassium 


fluoride containing only a trace of vanadium remained in the heated tube. The pentafluoride was 
analysed (Found: V, 35-1; F, 64-9. Calc. for VF,: V, 34-9; F, 65-1%). 


One of the authors (V. G.) thanks the British Council for a Scholarship. 
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630. Organo-lead Compounds. Part II. (a) Novel Types in the 
Trialkyl-lead Series. (b) Further Examples of Sternutators. 


By R. Heap and B. C. SAUNDERS. 


New types of trialkyl-lead compounds are resented by triethyl-lead ethyl sulphide (a 
liquid) and triethyl-lead phthalimide (a solid). th show pronounced sternutatory pro- 
perties. Thirty-three other trialkyl-lead compounds have been prepared and examined. Tri- 
methyl-lead salts are exceedingly feeble sternutators irrespective of the acid radical. The 
superiority of tri-n-propyl-lead salts has been confirmed. Within a series (trimethyl excepted) 
there are variations of virulence depending upon the nature of the acid radical. 

Triethyl-lead chloride reacts rapidly with the sodium salts of certain weak acids (e.g., 
phenylnitromethane) with the generation of tetraethyl-lead. The mechanism of this reaction 
is discussed. A convenient method for identifying small quantities of tetraethyl-lead is 
described. 


In Part I (this vol., p. 919) an account was given of the preparation and physiological properties 
of a variety of trialkyl-lead salts, including triethyl-lead salts (I). All these were solids and 
were ionic. Two triethyl-lead derivatives, viz., triethyl-lead ethyl sulphide and triethyl-lead 
phenyl sulphide (triethyl-ethylthio- and -phenylthio-lead) are now described. These are unstable 
liquids, soluble in organic solvents and slowly hydrolysed by water, and it is to be presumed 
that the link between lead and sulphur atoms is covalent (II). 

They are prepared by the action of the thiol on triethyl-lead hydroxide. The composition 
of the product was readily established by fission of the compound, in dry ether, by hydrogen 
chloride : 

Et,;Pb-SEt + HCl = PbEt,Cl + EtSH. 


The sternutatory action of these non-ionised sulphides, at concentrations of 1 in 10® and 1 
in 10’, was of the same type and magnitude as that of the ionic compounds (I), and quite 


[PbEt,]+ X- Et,Pb‘SR PbEt, Et,PoNCoo CH, 
(I.) (II.) (III.) (IV,) 


different from the toxic action exerted by the non-ionic tetraethyl-lead (III). We also showed 
that the corresponding compounds of inorganic lead [Pb(SH), and Pb(S°C,H,),] were quite 
ineffective at concentrations of 1 in 10’. The sternutatory effects of the organic sulphides 
on the human system were therefore most probably due to the products of hydrolysis : 


Et,Pb:SEt + H,O = PbEt,+ + OH- + EtSH 


Another new type of organo-lead compound is ¢triethyl-lead phthalimide (IV), a crystalline 
compound, prepared by the direct action of triethyl-lead hydroxide on phthalimide. It 
possessed sternutatory properties similar to those shown by triethyl-lead chloride (taken as 
a convenient standard, cf. Part I). Tri-n-propyl-lead phthalimide was also prepared and, in 
accordance with expectation, was much more potent than the corresponding triethyl compound ; 
it was intolerable at a concentration of 1 in 10? (Grade 3, Part I), and even at 1 in 2°5 x 107 
produced a difficultly-respirable atmosphere. 

Triethyl-lead monochloroacetate (Grade 1) was prepared, as a stable, highly crystalline 
compound, by the action of silver chloroacetate on triethyl-lead chloride and also directly 
from chloroacetic acid and triethyl-lead hydroxide. A third preparation (based on the method 
of Browne and Reid, J. Amer. Chem. Soc., 1927, 49, 833) served as a useful way of identifying 
small quantities of tetraethyl-lead. The procedure is simple and rapid and consists in heating 
tetraethyl-lead in ethereal solution with chloroacetic acid in the presence of silica gel for a few 
minutes: the derivative obtained is pure. 

Triethyl-lead bromoacetate, trichloroacetate, and propionate were also graded 1, whereas 
the £-chloropropionate, crotonate, and cyanide were distinctly more virulent and were placed 
in Grade 2. 

Klippel (Jahresber., 1860, 381) claimed to have prepared ¢riethyl-lead thiocyanate by the 
action of triethyl-lead chloride on silver thiocyanate, but he gave neither m. p. nor analysis 
of his product. We found that no appreciable reaction took place between these reactants. 
This is not surprising since the solubility product of silver thiocyanate is less than that of silver 
chloride. When, however, alcoholic solutions of triethyl-lead chloride and potassium thiocyanate 
were heated under reflux the required thiocyanate was obtained as a low-melting solid in good 
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yield (Grade 2 with unpleasant after-effects). Triethyl-lead selenocyanate was similarly 
prepared, but it proved to be inferior to the thiocyanate. 

Triethyl-lead acrylate was readily prepared in theoretical yield from triethyl-lead hydroxide 
and acrylic acid. It had very pronounced sternutatory action and in this respect was greatly 
superior (Grade 2) to triethyl-lead chloride. 

The influence of a carbethoxy group was seen in triethyl-lead ethyl oxalate which was intoler- 
able at a concentration of 1 in 10*, the nose, throat, chest, and gums being all quickly affected 
(Grade 2). It appeared then that the introduction of a free carboxyl group might be even 
more effective as a subsidiary toxic group. Attempts were therefore made to obtain triethyl- 
lead hydrogen oxalate from the calculated quantities of oxalic acid and triethyl-lead hydroxide, 
It was found, however, that only the di(triethyl-lead) oxalate could be obtained, and that this 
compound was insoluble in water and organic solvents. Its intractability made it difficult 
to test it physiologically. 

In addition to the triethyl-lead salts described above, the following were also prepared 
and examined for sternutatory properties (for results see below): toluene-p-sulphonate, 
toluene-o-sulphonate, naphthalene-2-sulphonate, propionate, and salicylate. Tri-n-propyl-lead 
acetate, prepared by the action of glacial acetic acid on tetrapropyl-lead, was found to be 
identical with the compound prepared by neutralising tripropyl-lead hydroxide with dilute 
acetic acid (Part I). The toluene-o-sulphonate and toluene-p-sulphonate were similarly prepared, 
By the action of isobutyl bromide on sodium-lead alloy (containing 20% of sodium) tetra- 
isobutyl-lead was obtained; owing to its tendency to decomposition on distillation, the crude 
dried product was successfully used for the preparation of the following: triisobutyl-lead 
chloride, acetate, propionate, butyrate and toluene-o- and -p-sulphonate. Tetramethyl-lead was 
also prepared by the action of sodium-—lead alloy on methyl iodide, and a pure product was 
obtained on distillation under reduced pressure. From this, the chloride, formate, acetate, 
isovalerate, toluene-p-sulphonate, monochloroacetate, and trichloroacetate were obtained without 
difficulty. 

In view of the ready reaction between triethyl-lead hydroxide and a very weak acid such 
as phthalimide, attempts were made to bring about a reaction between the hydroxide and 
nitromethane, phenylnitromethane, oximes, and alcohols: however, no reaction occurred. 
On the other hand, a vigorous reaction took place between the sodium derivative of nitro- 
methane and triethyl-lead chloride, either in methyl alcoholic solution or heterogeneously in 
suspension in dry benzene. From these reactions, however, the desired triethyl-lead acinitro- 

oO 
methane, EtPbONC was not isolated, but tetraethyl-lead was obtained in good yield 
. , 
and its identity confirmed by conversion into triethyl-lead monochloroacetate as described 
above. The unexpected formation of tetraethyl-lead may be explained by the formation of 
the triethyl-lead derivative PbEt,R in the first instance, thus : 


PbEt,Cl + NaR = PbEt,R + NaCl 


(k on?” on’? OM O-NICM ) 
—— aad — ae OF 
cn, \NcHPh ‘ 


Because of its non-isolation, this derivative is undoubtedly extremely unstable, and dismutation 
according to the equation, 2PbEt,R = PbEt, + PbEt,R,, would be in accordance with 
expectation. The diethyl-lead compound can then undergo further dismutation to PbEt,R 
and a plumbous salt, PbR,. The PbEt,R will then further dismute, and the overall result 
will be the production of tetraethyl lead on the one hand and the complete degradation of all 
other possible organo-lead compounds into the inorganic plumbous salt. 

In the case of sodium phenylnitromethane, the yield of tetraethyl-lead was exactly in 
accordance with this scheme. With sodium methoxide we isolated also pure tetraethyl-lead. 
Browne and Reid (loc. cit.) obtained an oil from this reaction, but did not identify it. 

For much of the work described in this paper pure triethyl-lead chloride was required. 
The standard method (Part I) consisted in passing hydrogen chloride through an ethereal 
solution of tetraethyl-lead. The first crop of crystals obtained during the first half-hour was 
reasonably pure, but in order to obtain a good yield, the passage of gas must be continued 
longer than this. We found that the later crops contain very little triethyl-lead chloride and 
consist largely of diethyl-lead dichloride. The cause of this was probably the high local con- 
centration of hydrogen chloride, and also the heat of solution of the gas. These difficulties 
were overcome by the improved method described in the Experimental (p. 2987). The effects 
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of the heat of solution of hydrogen chloride were avoided by using a previously saturated 
ethereal solution of the gas. In this way the concentration was fixed within narrow limits. 
The cooled acid solution was then run into the tetraethyl-lead, and a 96% yield of pure crystalline 
triethyl-lead chloride was obtained. 

General Inferences.—All the trimethyl-lead salts are almost devoid of sternutatory properties, 
irrespective of the acid radical, and at a concentration of 1 : 10’ were of grade 0. Tri-n-propyl- 
lead salts are superior to triethyl-lead salts. Triisobutyl-lead salts are also superior to triethyl- 
lead salts, but not as potent as the tri--propyl-lead salts. Within a particular series (trimethyl 
excepted) there are variations of virulence.depending on the nature of the acid radical. Salts 
of organic acids are more virulent than salts of inorganic acids (e.g., the chloride). Of the 
organic acids, the acrylates, crotonates, B-chloropropionates, and sulphonates are the most 
potent. 


EXPERIMENTAL, 


Triethyl-lead Ethyl Sulphide.—Triethyl-lead hydroxide (4-9 g.) was shaken with ether (50 c.c.), 
ethanethiol (0-97 g.) was added, and the whole thoroughly en. The aqueous layer was run off 
and solid cium chloride added immediately. During the drying (14 hours) more of the aqueous 
layer was formed and was run off. After 2 hours (when a small quantity of yellow precipitate had 
appeared) the ethereal solution was filtered and the ether distilled off. The accumulated yield (19 g.) 
ef coveral preparations was distilled in an atmosphere of nitrogen at 0-075 mm. and had b. p. 76—78°. 
The sulphide is a colourless liquid which decomposes slowly in light but not in the dark (Found: Pb, 
57-95. C,gH,SPb requires Pb, 58-3%). The odour resembles that of horseradish. 

Triethyl-lead Phenyl Sulphide.—Triethyl-lead hydroxide (13-5 g., 35% excess) was shaken with ether 
(20 c.c.) in a separating funnel, and a solution of thiophenol (3-5 g) in ether (30 c.c.) was added. There 
was a slight evolution of heat, and the aqueous layer was run off as it was formed during the reaction 
(} hour). The ether was then separated and dried (CaCl,). The ether was distilled off, the last traces 
being removed at 100°/18 mm. The residue was not further distilled as decomposition took place. 
After the removal of the ether, the residue was a pale yellow oil which was proved to be the almost pure 
sulphide (Found: Pb, 51-1. C,;H,SPb requires Pb, 51-4%). Distillation of the sulphide at above 
125°/0-3 mm. caused rapid decomposition and the production of a yellow solid in the flask. This solid, 
which contained lead and sulphur, was insoluble in organic solvents. Hydrochloric acid decomposed 
it, giving lead chloride, and analysis for lead showed it to be (PhS),Pb. 

Cleavage of Triethyl-lead Phenyl Sulphide by Hydrogen Chlioride.—The sulphide (1 g.) was dissolved 
in dry ether, and a stream of dry hydrogen chloride passed through until, after a few seconds, precipit- 
ation ceased. The white crystals were filtered off immediately and washed with dry ether. The ethereal 
filtrate contained thiophenol. A weighed aay, of the dried crystals was dissolved in hot dilute nitric 
acid, ae chloride determined (Found: Cl, 10-75. Calc. for triethyl-lead chloride, C,H,,CIPb : 
Cl, 10-8%). 

Triethyl-lead Phthalimide.—Triethyl-lead hydroxide (1-55 g.), dissolved in alcohol, was heated under 
reflux with phthalimide (0-73 g.), also dissolved in alcohol, for 10 minutes. The solution was then 
filtered from traces of triethyl-lead carbonate, and water added to the filtrate until crystallisation 
started. The m. p. of crude triethyl-lead phthalimide was 131°. The compound was crystallised by 
dissolving it in a very small volume of benzene and a petroleum (b. p. 40—60°) and then had 
m. p. 131° (Found: Pb, 46-9. C,,H,,O,NPb requires Pb, 47-1%). The compound responded to the 
fluorescein reaction. When it was dissolved in ether and dry hydrogen chloride passed through the 
solution, phthalimide was es immediately. 

Tri-n-propyl-lead Phthalimide.—An alcoholic solution of tri-n-propyl-lead hydroxide was obtained 
by shaking moist silver oxide (2-3 g.) with an alcoholic solution of tripropyl-lead chloride (3 g.), and 
filtering the mixture. The filtrate was added to an alcoholic solution of an approx. equivalent quantity 
(1-2 ¢.) of phthalimide, and the mixture was heated on a water-bath for 10 minutes. It was then cooled 
and iiltered, and to the filtrate water was added; a precipitate separated after some minutes. Tri- 
propyl-lead phthalimide was recrystallised from light petroleum (b. p. 40—60°) (Found: Pb, 42-7. 
C,,H,,0,NPb requires Pb, 43-0%). The compound responded to the fluorescein reaction. 

Triethyl-lead Monochloroacetate—(a) Silver chloroacetate (2 g.) was suspended in water (20 c.c.) 
and poured into a solution of triethyl-lead chloride (3-3 g.) in alcohol (20 c.c.). The mixture was 
thoroughly stirred and the silver chloride filtered off. The filtrate was concentrated and long, colourless, 
needles se ted, which were recrystallised from benzene and then had m. p. 147° (Found: C, 24-5; 
H, 4:6; Pb, 53-3. Calc. forC,H,,0,CIPb: C, 24-7; H, 4-4; Pb, 53-4%). 

(6) An aqueous solution of chloroacetic acid was run into an aqueous solution of triethyl-lead 
or pongo until no more precipitate was formed. The solid was filtered off and washed with water; it 

m. p. 147°. 

Identification of Small Quantities of Tetraethyl-lead.—Tetraethyl-lead (0-1 g.) dissolved in dry ether 
(0-5 c.c.), and dry chloroacetic acid (0-027 g.), together with a minute piece of silica gel, were warmed 
for 10 minutes and set aside for } hour, and then dry ether (5 c.c.) wasadded. The crystals were filtered 
off and washed with ether, and were then pure, having m. p. 146-7° (mixed m. p. with authentic triethyl- 


lead monochloroacetate prepared as in (a) and (b) above, 146-5°). Recrystallisation was usually not 
ni 


ecessary. 

Triethyl-lead Bromoacetate.—To a solution of triethyl-lead hydroxide in water was added a solution 
of bromoacetic acid until no more precipitate was formed. The solid was filtered off, washed with 
water, and crystallised from benzene in long, colourless, needles, m. p. 120° (Found: Pb, 48-4. Calc. 
for C,H,,0,BrPb: Pb, 47-95%). This compound had previously been prepared from tetraethyl-lead 
(Browne and Reid, J. Amer. Chem. Soc., 1927, 49, 833). 
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Triethyl-lead Trichloroacetate.—(a) Prepared from the hydroxide, and recrystallised from alcohol, 
this melted at 140° (Found: Pb, 45-2. Calc. for C,H,,0,Cl,Pb: Pb, 45-4%). 

(b) Trichloroacetic acid (5 g.) was dissolved in the minimum amount of ether and then tetraethyl- 
lead (2 c.c.) was added. A piece of porous tile was added, and the mixture gently heated for a few 
seconds. When no more crystals were precipitated, the solid was filtered and washed with a small 

: Pb, 45-2%). Browne and Reid (loc. cit.) gave m. p. 


—* of ether; it had m. p. 141° (Foun 
35-5—138-5°. 

Triethyl-lead Propionate——Propionic acid (0-74 c.c.) and tetraethyl-lead (2 c.c.) were heated under 
reflux for 1 hour with silica gel. The solid which separated was recrystallised from benzene and had 
m. p. 141° (decomp.) (Found: Pb, 56-3. Calc. for C,H,O,Pb: Pb, 56-4%). 

viethyl-lead B-Chloropropionate.—Prepared from the hydroxide and an aqueous solution of B-chloro- 
propionic acid, the crystalline triethyl-lead B-chloropropionate which separated recrystallised from light 
petroleum (b. p. 60—80°) in short colourless prisms, m. p. 106° (Found: Pb, 51-9. C,H,,0,CiPb 
requires Pb, 51-7%). 

Triethyl-lead Crotonate.—Similarly prepared, the crotonate recrystallised from benzene in short 
needles, m. p. 135—136°, very soluble in alcohol and subliming when heated (Found: Pb, 54-6. 
C,.H,,0,Pb requires Pb, 54-4%). 

Triethyl-lead Cyanide.—Triethyl-lead chloride (6-6 g.), dissolved in alcohol (80 c.c.), was heated under 
reflux with potassium cyanide (3-0 g.) for 1} hours (the potassium cyanide did not completely dissolve). 
The mixture was filtered while hot and water added to the filtrate until cloudy. The whole was then 
heated until clear, and allowed to cool; long needles then separated. The cyanide, recrystallised 
from aqueous alcohol, had m. B 189° (decomp.; becomes yellow at 135°) (Found: CN, 8-1; Pb, 64-7. 
C,H,,NPb requires CN, 8-1; Pb, 64-7%). 

Triethyl-lead Thiocyanate.—Triethyl-lead chloride (3-3 g.), dissolved in alcohol (20 c.c.), was heated 
under reflux with potassium thiocyanate (1-2 g.), dissolved in alcohol (30 c.c.), for 14 hours. Potassium 
chloride was filtered off, the filtrate cooled to —10°, and cold water (30 c.c.) added to start crystallisation. 
More water was then added and the product well mixed and set aside at —10° for l hour. The thiocyanate 
was filtered off and washed with cold dilute aqueous alcohol; it had m. p. 35° (yield: 2-1 g., 60%) 
(Found: Pb, 58-55; CNS, 16-5. C,H,,NSPb requires Pb, 58-8; CNS, 16-5%). The compound, a 
white granular crystalline solid, is exceedingly soluble in all the usual organic solvents, but insoluble 
in water. The aqueous-alcoholic solution gave a red colour with ferric chloride. 

Tridel Mead Wiverepnante —Weteaginw selenocyanate (1-5 g.) in alcohol (30 c.c.) was mixed with 
triethyl-lead chloride (3-3 g.) in alcohol (20 c.c.). A precipitate of potassium chloride was formed almost 
immediately and was filtered off. The filtrate was heated under reflux for } hour and then cooled to 
—10°, and water added. The cold solution was set aside, and on scratching the selenocyanate, m. p. 
26—29° (2-51 g.), separated. Recrystallisation was attempted at —10°, but only a granular solid was 
obtained, having m.-p. 29-5—30-5° (Found : CNSe, 26-2. C,H,,NSePb requires CNSe, 26-3%). When 
heated in air, the compound burned with evolution of clouds of soot and gave a “lead flame.” It was 
immediately decomposed by dilute or concentrated sulphuric acid depositing selenium. ; 

Triethyl-lead Cyanate.—To potassium cyanate (2 g.) in aqueous alcohol (100 c.c. of 50% v/v) was 
added a solution of triethyl-lead chloride (6-6 g.) in alcohol (40 c.c.). The mixture was set aside for 
36 hours, and a precipitate (probably the dicyanate) was filtered off. The filtrate was concentrated 
under reduced pressure over calcium chloride, and triethyl-lead cyanate separated as colourless crystals. 
These were filtered off and washed with 30% aqueous alcohol (Found : CNO, 12-2; Pb,61-2. C,H,,ONPb 
requires CNO, 12-5; Pb, 61-6%). ‘The filtrate gave a further crop on evaporation. When heated, the 
compound did not melt, but became yellow at 23° and contracted markedly at 183-5°, with blackening. 

viethyl-lead Acrylate.—Triethyl-lead hydroxide (4-5 g.) was dissolved in alcohol (25 c.c.), and acrylic 
acid added until the mixture was neutral to litmus. The solution so obtained was evaporated to a 
small bulk and filtered hot. On cooling, crystals were deposited and were filtered off and washed with 
light petroleum ({b. p. 40—60°). Further crops of crystals were obtained from the mother-liquor by 
further evaporation and crystallisation (total yield, 5-2 g., 98-5%). The product so obtained was 
purified by recrystallisation from hot benzene, with animal charcoal to remove polymers. A second 
recrystallisation from benzene gave triethyl-lead acrylate as colourless needles (1-6 g., 30%) which were 
completely soluble in benzene and alcohol, but only very slightly soluble in water. The pure substance 
sintered sharply at 120° and when heated in the open exploded feebly (Found: Pb, 56-2. C,H,,0,Pb 
requires Pb, 56-7%). For the lead analysis, it was first necessary to heat the compound in a sealed 
tube with concentrated nitric acid. 

Triethyl-lead Monoethyl Oxalate.—Triethyl-lead hydroxide (3 g., i.e., 14% excess) was dissolved in 
absolute alcohol (15 c.c.), and monoethyl oxalate (1 g.) added. After a few hours a faint precipitate 
[(CO,°PbEt,),] developed and was filtered off. The filtrate deposited crystals on slow evaporation. 
These were recrystallised from a concentrated alcoholic solution by slow evaporation, and the produc? 
was washed with light petroleum (b. p. 40—60°) and dried on porous plate in a vacuum-desiccator over 
calcium chloride. No satisfactory solvent was found for recrystallisation in the normal manner. 
Triethyl-lead monoethyl oxalate was obtained as long colourless needles which were soluble in alcohol, 
benzene, and cold water, but insoluble in light petroleum (b. p. 40—60°) (Found: Pb, 50-1. C,H, O,Pb 
requires Pb, 50-4%). When heated in a capillary tube the substance melted at 55°, decomposed with 
effervescence at 140°, and finally solidified to a while solid which did not alter further below 210°. 
Stronger heating of this white residue caused it to char and, when heated in the open, finally to leave a 
residue of lead oxide. When the original substance was heated more rapidly in the open it decomposed 
explosively. The aqueous solution of the substance was neutral to litmus, and reduced potassium 
permanganate acidified with dilute sulphuric acid. 

Triethyl-lead Toluene-p-sulphonate.—Toluene-p-sulphonic acid (4 g.) and tetraethyl-lead (5 c.c.) 
were heated under reflux with silica gel for } hour. The product was dissolved in benzene and filtered. 
When light petroleum (b. p. 40—60°) was added, the sulphonate crystallised, having m. P- 170° (decomp.) 
(Gilman and Robinson, Rec. Trav. chim., 1930, 767, give m. p. 167—168°). It was found that if 
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toluene-p-sulphonyl chloride (2 g.) and tetraethyl-lead (2 c.c.) were heated under reflux in ether for 
6 hours in the presence of gel, the sulphonate, m. p. 170°, separated. In this reaction the sulphonyl 
chloride may first be hydrolysed to the sulphonic acid, but there is no direct evidence for this at 


resent. 
4 Triethyl-lead Toluene-o-sulphonate.—Prepared similarly to the p-sulphonate, the toluene-o-sulphonate 
was recrystallised from benzene and had m. p. 189° (Found: Pb, 44-1. C,,;H,,0,Pb requires Pb, 44-65%). 
It was also prepared by heating ethereal solutions of tetraethyl-lead (2 c.c.) and toluene-o-sulphonyl 
chloride (2 c.c.) with silica gel for 44 hours; the solid which separated was recrystallised from alcohol 
and had m. p. 189° (Found: Pb, 44-8%). 

Triethyl-lead Naphthalene-2-sulphonate.—Naphthalene-2-sulphonic acid (2-08 g.) was heated under 
reflux with tetraethyl-lead (3-5 c.c.) and silica gel for 4 hour. The sulphonate which separated was 
washed with ether and recrystallised from benzene; it had m. p. 152° (Found: Pb, 40-5. C,,H,,0,SPb 
requires Pb, 41-35%). 

Triethyl-lead propionate, m. p. 141° (Found: Pb, 56-3. Calc. for C,H,O,Pb: Pb, 56-4%), and 
salicylate, m. p. 93° (Found: Pb, 47-9. Calc. for C,,H,,O,Pb: Pb, 47-1%), were prepared in a similar 
manner. 

Reaction between Triethyl-lead Chloride and Sodiophenylnitromethane.—Triethyl-lead chloride 
(4 g.) was dissolved in dry toluene (20 ml.), and the solution was treated with sodiophenylnitro- 
methane (4 g., 100% excess) and shaken thoroughly. The whole was boiled for ca. 1 hour under reflux 
and then filtered. The filtrate was distilled in vacuo to remove toluene, whereupon a heavy colourless 
oily residue remained in the flask together with traces of solid. The oil was filtered and fractionated ; 
the entire liquid distilled at 92°/2 mm. and was nitrogen-free (yield 3 g.) (Found: C, 30-6; H, 6-2. 
Calc. for CgH,Pb: C, 29-7; H, 6-2%). The liquid was identified conclusively as tetraethyl-lead by 
conversion into triethyl-lead monochloroacetate. 

Sodium nitromethane, sodium methoxide, and sodium acetoxime behaved similarly. 

Triethyl-lead Chloride (Modified Method).—Dry ether (250 c.c.) was saturated with hydrogen 
chloride, and tetraethyl-lead (64-8 g.) was slowly added, with shaking and cooling. The mixture was 
then set aside in ice-water until the effervescence ceased (usually about 20 minutes) and then for 30 
minutes at room temperature. The white needles which had been deposited were filtered off, washed 
free from hydrochloric acid with dry ether, and dried. The product was usually sufficiently pure for 
most purposes without recrystallisation (yield: 65 g., 96%) (Found: Cl, 10-9. Calc. for C,H,,CIPb: 
Cl, a Crystals deposited later were discarded as they contained diethyl-lead dichloride and 
lead chloride. 

Tri-n-propyl-lead Acetate—Tetrapropyl-lead (3-5 c.c.) and glacial acetic acid (1-5 c.c.) were heated 
with silica gel on a water-bath for 2 hours. The solid which separated was extracted with light petroleum, 
and the residue with alcohol. The light petroleum extract deposited white needles of tri-n-propyl-lead 
acetate on cooling; recrystallised from the same solvent, these had m. p. 128° [mixed m. p. with tri- 
propyl-lead acetate made from a hydroxide (Part I, Joc. cit.) 127°] (Found: Pb, 52-4. Calc. 
for C,,H,,0,Pb: Pb, 52-4%). e alcoholic extract deposited plates, m. p. 195—196° [Found: 63-2. 
Calc. for C,H,O,Pb (lead acetate) : Pb, 63-7%]. 

Tri-n-propyl-lead Toluene-o-sulphonate.—Tetrapropyl-lead (2-6 c.c.) was heated on a water-bath 
with toluene-o-sulphonic acid (3-44 g.) for a few minutes. The solid product was extracted with ether, 
the ethereal extract evaporated to dryness and dissolved in benzene, and a large excess of light petroleum 
(b. p. 40—60°) added. The cloudy solution was cooled in ice and on scratching the toluene-o-sulphonate 
separated, having m. p. 87° (Found: Pb, 40-9. C,,H,,0,Pb requires Pb, 40-85%). 

Tri-n-propyl-lead Toluene-p-sulphonate.—Pr ed as for the o-compound, this salt melted at 73— 
74-5° (Found: Pb, 41-0. C,,H,,0,Pb requires Pb, 40-85%). 

Tetraisobutyl-lead.—A mixture of isobutyl bromide (214 c.c.), pyridine (16 c.c.), and sodium-lead 
alloy (200 g.; 20% of Na) was heated under reflux on a water-bath with constant stirring during 8 hours, 
Water (a few c.c. at a time) was added at half-hourly intervals during the stirring. The mixture was 
then steam-distilled and the residue extracted with ether and dried (CaCl,), the ether removed, and a 

rtion of the product distilled at the Hyvac pump; decomposition took place and so the crude product 
{oo c.c.) was used in the following reactions. 

Triisobutyl-lead Chloride.—Tetraisobutyl-lead (2 c.c.) in dry light petroleum (b. p. 40—60°; 20 c.c.) 
was cooled in ice, and a slow stream of hydrogen chloride was passed into the solution for } hour, 
After a further hour at 0°, the solid which had separated was removed by filtration, and extraction with 
alcohol yielded the chloride. Triisobutyl-lead chloride on being heated darkened at about 145°, became 
very dark brown at 155°, sintered and decomposed at 164° (Found: Cl, 8-85; Pb, 50-2. Calc. for 
C,,H,,CIPb: Cl, 8-6; Pb, 50-1%). 

Triisobutyl-lead Acetate.-—Tetraisobutyl-lead (4 g.) and glacial acetic acid (0-6 g.) were heated in 
contact with silica gel on a water-bath. After 2 hours the solid which had separated was extracted 
with boiling light petroleum (b. p. 60—80°); on cooling triisobutyl-lead acetate was obtained. Re- 
wae from light petroleum, this had m. p. 117° (Found: Pb, 47-7. C,,HyO,Pb requires Pb, 
47-4%). 


Triisobutyl-lead propionate, darkens at 117°, m. p. 118° (Found: Pb, 45-9. Cipla OaPh requires 


Pb, 45-9%), and butyrate, m. p. 119° (Found: Pb, 45-4. C,,H,,0,Pb requires 
similarly obtained as short colourless needles. 

Triisobutyl-lead Toluenesulphonates.—A mixture of tetraisobutyl-lead (4 g.), toluene-p-sulphonic 
acid (1-7 g.), and ether (25 c.c.) was warmed on a water-bath for 5 minutes. After 1 hour the solid was 
filtered off, the ether removed at room temperature, and the triisobutyl-lead toluene-p-sulphonate, which 
Temained, crystallised from light petroleum (b. p. 80—100°) (Found: Pb, 37-8. C19H3,0,Pb requires 
Pb, 37-71%). Them. p. depended on the rate of heating : the salt darkened about 176—180°, and at 190— 
195° became paler and sintered. The toluene-o-sulphonate, obtained in a similar manner, darkened 
at 166° and slowly sublimed and decomposed at 172° (Found: Pb, 37-3%.) 

Tetramethyl-lead.—Prepared according to the details given for tetraethyl-lead (Part I, loc. cit.) from 


44-5%), were 
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sodium-lead alloy (300 g.), methyl iodide (190 c.c.), and pyridine (24 c.c.) (yield: 115 g., 50%), this 
had b. p. 101°/760 mm. 

Trimethyl-lead Chloride.—This was prepared similarly to triethyl-lead chloride. The colourless 
needle-like crystals were pure without recrystallisation, having m. p. 190° (decomp.) (Found : Cl, 12-2: 
Pb, 72-4. Calc. for C,;H,CIPb: Cl, 12-3; Pb, 72-0%). 

Trimethyl-lead formate, m. p. 113° (Found: Pb, 69-3. C,H,,O,Pb requires Pb, 69-7%), acetate, 
m. p. 194° (Found: Pb, 66-6. C,H,,0,Pb requires Pb, 67-0%) : isovalerate, m. p. 160° (from benzene) 
(Found: Pb, 58-6. C,H,,0,Pb requires Pb, 586%), and toluene-p-sulphonate, long needles, m. p. 
< 220° (Found: Pb, 49-0. C,,H,,0,;SPb requires Pb, 49-0%), were prepared from tetramethyl-lead 
and the appropriate acid with silica gel as catalyst. 

Trimethyl-lead Monochloroacetate.—(a) To a suspension of silver chloroacetate (4 g.) in water was 
added a solution of trimethyl-lead chloride (5-8 g.) also in water. The mixture was stirred and filtered. 
On concentration of the filtrate, long flat plates, m. p. 169°, separated. The monochloroacetate recrystal- 
lised from benzene in small white needles without change of m. p. 

(b) Monochloroacetic acid (4 g.) was dissolved in the minimum quantity of ether, and 5 c.c. of tetra- 
methyl-lead were added. A piece of porous tile was added and the mixture heated on a water-bath 
for 4 hour. The product was cooled in ice, filtered, and washed with ether; it had m. p. 167° (Found: 
Pb, 60-1. C,;H,,0,CIPb requires: Pb, 60-0%). 

Trimethyl-lead Trichloroacetate.—Trichloroacetic acid (3-5 g.) was dissolved in ether, and lead tetra- 
methyl (3 c.c.) was added. The mixture was warmed gently until crystallisation started and then set 
aside for about 1 hour. After filtratior, the trichloroacetate was washed with ether. It darkened when 
heated to 180°, but did not melt at 220° (Found: Pb, 49-8. C,H,O,Cl,Pb requires Pb, 50-0%). 


We are grateful to the Chief Scientist, Ministry of Supply, for permission to publish this work. Our 
thanks are due to Dr. F. Wild who prepared some of the triisobutyl-lead salts. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, August 3rd, 1949}. 





631. Catalytic Hydroxylation of Unsaturated Compounds. 


By (the late) Martin MuGcpan and Donatp P. Youna. 


A systematic examination of various inorganic catalysts for the direct addition of hydrogen 
peroxide to ethylenic compounds to give glycols (hydroxylation) has been made, using allyl 
alcohol as the addend and following the course of the reaction by analytical methods. Osmium 
tetroxide, as is already known, functions well as catalyst; pertungstic acid had now been 
found to be an efficient catalyst, although it is necessary to carry out the reaction at 50—70° 
to obtain a reasonable rate. Permolybdic acid and selenium dioxide are rather less efficient, but 
perchromic and pervanadic acid are very unsatisfactory as they promote undesirable side- 
reactions. Pertitanic and pertantalic acid have a faint catalytic activity only, and ferrous salts 
also catalyse the formation of some glycerol. The reaction is most efficiently carried out in 
aqueous solution in the present case, and where the addend is water-soluble. Examples of 
the hydroxylation of various other olefinic substances with pertungstic acid as catalyst are 
described. For the catalytic hydroxylation of olefinic hydrocarbons an organic diluent is 
necessary to secure interchange between phases; acetic acid is the best diluent which has 
been examined, and it has been empirically observed that promoting the formation of peracetic 
acid in the reaction mixture enhances the yield of glycol and rate of reaction, although the 
underlying reason is not clear. 

From present findings and a literature survey, it is shown that, whereas catalysis by osmium 
tetroxide results in addition of 2 OH in the cis-direction, pertungstic acid, pervanadic acid, 
and selenium dioxide catalyse addition in the ¢vans-direction. From this and other facts it is 
concluded that catalytic hydroxylation is not a homolytic reaction as has been supposed, but 
heterolytic, and possible reaction mechanisms are discussed. 


THE direct conversion of unsaturated compounds into the corresponding af-glycols, usually 
now termed hydroxylation, has been known for a considerable time. Leaving out indirect 
methods, e.g., that through the chlorohydrin, the methods employed may be classified as : 

(i) Oxidation by permanganates, chlorates, organic per-acids, etc. 

(ii) Direct addition of hydrogen peroxide as such (a) in an organic (acetic or formic) acid 
(Scanlan et al., J. Amer. Chem. Soc., 1940, 62, 2305, 2309; 1946, 68, 1504; Davies, Heilbron, 
and Owen, J., 1930, 2545; Hilditch, J.,1926, 1828) (this reaction undoubtedly proceeds through 
the per-acid and olefin epoxide), (b) in an organic diluent in presence of metallic oxides, or the 
derived per-acids, capable of acting as H,O,-transfer catalysts, and (c) under the action of 
ultra-violet light (Milas, Kurz, and Anslow, J. Amer. Chem. Soc., 1937, 59, 543). 

Methods of Catalytic Hydroxylation.—The present investigation is concerned with an 
examination of type (ii b), that is, direct addition of hydrogen peroxide with inorganic catalysts, 
The above classification cannot, of course, be taken as rigid, since many inter-connections 
exist. 
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The following means of effecting catalytic hydroxylation have previously been described : 

(a) Catalysis by osmium tetroxide in anhydrous #ert.-butanol* (Milas e¢ al., J. 
Amer. Chem. Soc., 1936, 58, 1302; 1937, 59, 2345; 1939, 61, 1845; 1940, 62, 1841) or other 
organic solvents (Dupont and Dulou, Compt. rend., 1936, 208, 92; Coscuig, Ann. Sci. Univ. 
Jassy, Sec. I, 1941, 27, 303; Clauson-Klaas and Fakstorp, Acta Chim. Scand., 1947, 1, 
216—220; Rosenstein, Canadian P. 440,807). 

(b) Catalysis by pervanadic or perchromic acid in anhydrous #ert.-butanol (Milas e¢ al., 
J. Amer. Chem Soc., 1937, 59, 2342; B.P. 508,526), or in aqueous methanol or acetone solution 
(Treibs, Ber., 1939, 72, B, 7; Brennstoff-Chemie, 1939, 20, 358). The patent quoted, and 
five corresponding U.S. patents, also claim other metallic oxides as catalysts. 

(c) Catalysis by selenium dioxide in ¢ert.-butanol or acetone (Seguin, Compt. rend., 1943, 
216, 667). 

According to Treibs (loc. cit.), as catalysts are required metal oxides which easily and 
reversibly form per-acids. Of these he preferred vanadium pentoxide [which forms pervanadic 
acid, VO,(OH),], because molybdenum trioxide and tungsten trioxide, which he considered 
as possibilities, form per-acids which regenerate hydrogen peroxide only with difficulty. Nothing 
further has been published concerning the catalytic efficiency of the metallic oxides or per- 
acids. 

Mention might also be made of the use of various metallic ions, such as Fe™ and Cu", to 
catalyse the oxidising action (sensu lato) of hydrogen peroxide (e.g., Fenton, J., 1894, 65, 899). 
The oxidising action of Fenton’s reagent is inspecific, in fact often destructive, the compound 
attacked being broken down to formic acid or carbon dioxide. It is now certain that the reagent 
affords free OH radicals (Waters, Nature, 1946, 158, 380), and the reaction is therefore connected 
with the catalytic decomposition of hydrogen peroxide (Machu, ‘ Wasserstoffperoxyd u. die 
Perverbindungen,” Vienna, 1937, p. 61; Barb et al., Nature, 1949, 163, 692). 

It will be noted that previous workers on catalytic hydroxylation have all worked in 
organic or aqueous-organic solvents to bring water-insoluble compounds into reaction; little 
attention seems to have been given to the possibility of working in purely aqueous solution 
where the solubility of the organic reactant permits this. It is also difficult to find solvents 
that are unattacked by hydrogen peroxide in presence of catalysts. Treibs (Joc. cit.) mentions 
that methanol and acetone are oxidised by hydrogen peroxide in presence of pervanadic acid, 
but at a rate lower than that of the hydroxylation reaction. Milas used /ert.-butanol,; but we 
find that although this solvent is indifferent to hydrogen peroxide-osmium tetroxide it is 
attacked by hydrogen peroxide in presence of pervanadic acid. 

It has also been emphasised by most previous workers that working at comparatively low 
temperatures (e.g., below 20°) is essential in order to keep down side-reactions. 

Investigation of Catalytic Activity of Various Metal Per-acids, etc.—A series of experiments 
was carried out using allyl alcohol as addend, to examine and compare the catalytic activity of 
various metallic oxides and the derived per-acids. Allyl alcohol has the advantage that both 
it and its reaction products can be easily determined, and as it is soluble in both water and. 
organic solvents, the effect of these can be studied. 

Results of these experiments are summarised in Table I. 

(i) Osmium tetroxide. Only a few experiments (Nos. 18—21) were carried out with osmium 
tetroxide, since this is already established as an efficient catalyst. Hydroxylation of allyl 
alcohol to glycerol by means of hydrogen peroxide in anhydrous ¢ert.-butanol took place readily 
at room temperature in presence of as little as 0°005% w/v of the tetroxide (Expt. 21). It was 
also established that hydrogen peroxide was stable in ¢ert.-butanol solution even in presence of 
the tetroxide. The anhydrous solvent was however unnecessary, as a theoretical yield of 
glycerol could be obtained in aqueous solution at room temperature, using a 0°025% 
concentration of osmium tetroxide, which gave a rapid exothermic reaction (Expt. 19). 
Formation of acidic by-products was negligible. At 70° the reaction occurred rapidly with 
only 0:0016% of tetroxide, but the yield was lower. ‘ 

(ii) Pervanadic acid. Numerous experiments were carried out with pervanadic acid as 
catalyst under various conditions, without good results (Expts. 2—17). Large quantities of 


* This solution of anhydrous H,O, in #ert.-butanol is often referred to by later authors as #ert.-butyl 
hydroperoxide, but this is incorrect. Byers and Hickinbottom (jJ., 1948, 286) and Gresham and 
Steadman (J. Amer. Chem. Soc., 1949, 71, 737), however, have actually used tert.-butyl hydroperoxide 
in éert.-butanol for the same reaction. From the work of Milas and Harris (ibid., 1938, 60, 2434) it 
would appear that in ¢ert.-butanol solution an equilibrium exists between hydrogen peroxide and #ert.- 
butyl hydroperoxide. 
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acidic by-products were formed, and formic acid was identified in the product, besides smal] 
amounts of unidentified carbonyl compounds. The reaction is much slower than with 
comparable quantities of osmium tetroxide. Further investigation showed that pervanadic 
acid also catalysed the oxidation of glycerol by hydrogen peroxide at a rate not much slower 
than that of the hydroxylation reaction, so that the poor yields of glycerol are not surprising, 
It was also found that in presence of pervanadic acid, hydrogen peroxide rapidly oxidised 
tert.-butanol, methanol, acetone, and dioxan, so that these are inherently unsuitable for use as 
solvents with this catalyst. Treibs (loc. cit.) recommends acetone or methanol as diluents, 
stating that they are oxidised more slowly than the olefin, but it is clear that attack on the 
solvent is a serious competitor of the hydroxylation reaction. Milas’s recommendation of the 
same catalyst is actually based on two published experiments (J. Amer. Chem. Soc., 1937, 59, 
2343; a low conversion of benzene into phenol and some oxidative fissions at the double bond 
by the same reagent are also reported); the numerous results claimed in B.P. 508,526 do not 
actually specify the catalyst, but are identical as regards products and yields with those 
elsewhere reported (J. Amer. Chem. Soc., 1936, 58, 1303; 1937, 59, 2345) as being obtained by 
means of osmium tetroxide. It may be concluded that pervanadic acid is not an efficient 
hydroxylation catalyst. 

(iii) Perchromic acid. A solution of chromic oxide in hydrogen peroxide (which forms the 
deep-blue perchromic acid) also proved to be an inefficient hydroxylating agent (Expts. 22—24), 
either in aqueous or #ert.-butanolic solution. A further complication is that the catalyst 
becomes irreversibly reduced to the chromic condition, presumably by the organic reactants, 
and loses its catalytic power before all the hydrogen peroxide is consumed. The results of 
Milas (loc. cit.) also indicates a low efficiency. 

(iv) Pertungstic acid. Tungsten trioxide dissolved slowly in 100-volume hydrogen peroxide 
to give a faintly yellow solution. Aqueous hydrogen peroxide containing catalytic quantities 
of pertungstic acid reacted extremely slowly with allyl alcohol at room temperature, but 
eventually efficient conversions (e.g., 94%) into glycerol were obtained (Expt. 31). Whena 
rather larger quantity of catalyst (1°33% w/v concn.) and undiluted 100-vol. hydrogen peroxide 
were used, the reaction was gently exothermic at first, but several days at room temperature 
were necessary for complete reaction; the yield in this case was inferior (Expt. 32). 

The high efficiency and almost complete absence of by-products obtained by the first 
procedure then suggested that the reaction might be accelerated by heat without serious loss, 
This proved to be the case, and the optimum temperature was located at 60—70°, where in 
aqueous solution approx. 2m. in hydrogen peroxide and containing the equivalent quantity 
of allyl alcohol and 0°2% w/v of tungsten trioxide the reaction was complete in 2 hours and 
yields of 80—90% (on allyl alcohol consumed) were obtained. The reaction was further 
accelerated by an excess of either reagent (Expt. 38), but more concentrated solutions decreased 
the yield of glycerol at the expense of some acidic by-product (Expt. 39). 

Glycerol was not oxidised under the same conditions, and there was no obvious attack by 
hydrogen peroxide—pertungstic acid on the usual organic solvents; however, use of organic 
diluents for the reaction gave less successful results (Expts. 40—44). Tungsten trioxide is 
unfortunately quite insoluble in anhydrous hydrogen peroxide in ¢ert.-butanol, but was not 
precipitated by dilution of its solution in aqueous (30%) hydrogen peroxide with #ert.-butanol, 
methanol, dioxan, acetone, or acetic acid. Hydroxylation usually proceeded more slowly 
at 70° in presence of these diluents than in purely aqueous medium, and loss of peroxide by 
decomposition (to water and oxygen) was troublesome, especially in methanol; conversions of 
allyl alcohol were thereby lowered, although the efficiencies were still 47—-87%. The question 
of organic diluents is more fully discussed later in connection with the extension of this‘method 
to water-insoluble substances, but the present results indicate that water is the best solvent 
from the point of view of efficiency of the reaction. 

(v) Permolybdic acid. Molybdenum trioxide dissolved very slowly in 100-volume hydrogen 
peroxide. The solution was a fairly efficient hydroxylating agent, but gave an even slower 
reaction than did pertungstic acid; as in the last case the reaction could be accelerated by 
raising the temperature to 70”, without increasing side-reactions, but its efficiency was clearly 
less than that of pertungstic acid (Expts. 45—46). 

(vi) Selenium dioxide. This functioned slowly but at fair efficiency in aqueous solution; 
with 0°8% w/v of selenium dioxide, reaction was complete after 18°5 hours at 70° and then 
2 hours at 100° (Expt. 29), giving a yield of 67% calculated on the allyl alcohol consumed. 
Tellurium dioxide is insoluble in water or aqueous hydrogen peroxide, and telluric acid had no 
catalytic activity. 
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(vii) Other catalysts and possible catalysts. Tantalum pentoxide dissolved in hot 30% 
hydrogen peroxide only in presence of a trace of alkali, but the solution could then be neutralised 
without precipitation. Such a solution had a low but definite hydroxylating power (Expt. 30). 
Pertitanic acid likewise showed a low and inefficient catalytic activity (Expt. 25). Some 
reaction was observable in presence of boric acid (Expt. 26), but no more than without catalyst 
(Expt. 1), when the slow reaction was probably photocatalysed. In presence of a little ferrous 
ammonium sulphate and copper sulphate, allyl alcohol was oxidised slowly by hydrogen 
peroxide, and glycerol was detected in the product (Expt. 27); hydroxylation by Fenton’s 
reagent does not appear to have been recorded previously but, as is well known, more destructive 
oxidation is the main reaction, and glycols themselves are also known to be readily attacked 
by this reagent. Uranium and cerium peroxide are insoluble, no per-acids being formed under 
the conditions here used; uranyl acetate showed no catalytic activity. 

This series of experiments now makes possible an appraisal of the relative merits of various 
catalysts. Osmium tetroxide maintains its established position as an efficient and powerful 
catalyst, which does not initiate side-reactions such as destructive oxidation of the product or 
organic solvent, at any rate at low temperatures. Pertungstic acid is an outstanding new 
catalyst, which also gives a very high efficiency, but which on account of its lower activity 
functions best at elevated temperatures and thus differs from most other catalysts. It has, 
moreover, the advantage over osmium tetroxide of being non-toxic, easier to handle, and 
readily obtainable in large quantities. Addition of hydrogen peroxide with these two catalysts 
takes place in different stereochemical directions, as will be discussed more fully below. 
Pertungstic acid cannot, however, be used in anhydrous solvents and functions best in purely 
aqueous medium. Permolybdic acid and selenium dioxide are catalysts of low activity but 
fair efficiency—the observed losses are probably due to the prolonged reaction time. They 
offer no advantages over the first two catalysts named. Pervanadic and perchromic acid are 
very unsatisfactory catalysts, as they also catalyse what may be termed “ non-specific ”’ 
oxidation of the product, the organic solvent where used, and quite possibly the starting 
material as well, so that very large amounts of by-products are formed—in some cases to the 
total exclusion of glycol. The faint activity of pertitanic and pertantalic acids and the 
hydroxylating action of Fenton’s reagent are of theoretical interest only. 

Hydroxylation of Some Other Compounds with Pertungstic Acid in Aqueous Solution 
(Table II).—A few other water-soluble substances were readily hydroxylated in aqueous solution 
at 70° in presence of pertungstic acid. Crotonic acid gave 79% (on crotonic acid consumed) 
of 2: 3-dihydroxybutyric acid, which from its m. p. (80—81°) was clearly the erythro-isomer 
described by Braun (J. Amer. Chem. Soc., 1929, 51, 228). Maleic acid, as such, underwent 
hydroxylation, but much of the hydrogen peroxide decomposed without reacting; the same 
effect was noticed with crotonic acid and other organic acids, and may be connected with the 
low pH. By repeated additions of more hydrogen peroxide, all the maleic acid was 
hydroxylated; the product was identified as racemic acid (Expt. 48). Disodium maleate, on 
the other hand, caused a rapid decomposition of all the hydrogen peroxide, and only a trace 
of racemate was formed. Potassium hydrogen maleate, however, was hydroxylated with 
much better efficiency (based on the hydrogen peroxide) (Expt. 49); the resulting potassium 
hydrogen racemate crystallised from the solution on cooling, but was contaminated with material 
of lower acid equivalent (? potassium hydrogen oxalate), from which it could not easily be 
separated. But-2-en-l-ol was rapidly converted in excellent yield into butane-1 : 2 : 3-triol. 
Crotonaldehyde reacted readily with aqueous hydrogen peroxide and pertungstic acid at 70°, 
but detailed analysis showed that oxidation of the aldehyde was competing with hydroxylation. 
When a further equivalent of hydrogen peroxide was added, in the hope of carrying oxidation 
through to dihydroxybutyric acid, it became evident that a further side-reaction resulting in 
the production of other unidentified acids (not formic; possibly oxalic) was occurring (Expt. 51). 

Hydroxylation of Olefinic Hydrocarbons with Pertungstic Acid (Table III).—Experiments 
were made with oct-l-ene and cyclohexene in order to extend the pertungstic acid-catalysed 
hydroxylation reaction to hydrocarbons. Attempts to carry out the reaction in aqueous 
Suspension were unsuccessful, clearly owing to the mutual insolubility of hydrocarbon and 
aqueous hydrogen peroxide. Further experiments, in which an organic solvent was used to 
secure interchange between the two phases, were little more successful. Very poor yields were 
obtained with éert.-butanol, but acetic acid was more promising; an excess of hydrogen 
peroxide was helpful in acetic acid, and a 45% yield of octane-1 : 2-diol was secured (Expt. 53). 
Slow addition of the peroxide to the olefin, in an attempt to reduce decomposition, did not 
improve yields. 
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Since hydrogen peroxide in acetic acid alone is known to be a hydroxylating agent (see 
first paragraph), some parallel experiments were made without tungsten trioxide. Reaction 
thus with oct-l-ene at 70° was extremely slow, but provided that an excess of hydrogen peroxide 
was initially present, good yields were obtained; cyclohexene was more reactive, and 
experiments were carried out with this olefin at 50°, although the optimum temperature is 
undoubtedly higher (Expts. 58, 66). Swern and Scanlan found that reaction is easier if 
the formation of peracetic acid is facilitated, either by preheating the hydrogen peroxide- 
acetic acid mixture to 80—85° before causing it to react with the olefin (J. Amer. Chem. Soc., 
1940, 62, 2305), or by adding a little sulphuric acid (ibid., 1945, 67, 1786). It was found in the 
present case that some acceleration of the reaction could be secured by these means (Expts. 59, 
60, 67, 68). 

It was then found that a very substantial increase in rate of reaction, with very good yields, 
could be brought about by combining either of these two methods of activation with catalysis 
by pertungstic acid. 

Thus, a mixture of 30% hydrogen peroxide (>1 mole) and acetic acid was heated to 80° 
for 1 hour; the requisite catalytic amount of tungsten trioxide could then be dissolved in this 
at room temperature (several hours being required for dissolution), after which the solution 
was mechanically stirred with olefin (1 mole) at a suitable temperature. Reaction was 
complete in about 2 hours, and yields of 72—91% of diol were obtained (Expts. 54, 64). This 
method was adopted for several other olefins, and in most cases worked well, although it 
proved erratic on occasions; it appears that tungsten trioxide, or an impurity in it, catalyses 
the decomposition of hydrogen peroxide, so that on a few isolated occasions wastage of peroxide 
occurred. 

In the other method, the tungsten trioxide was first dissolved in 30% hydrogen peroxide, 
and this was treated directly with olefin and acetic acid containing a few drops of concentrated 
sulphuric acid. This procedure was not very fully investigated, but in the case of oct-l-ene 
and cyclohexene (Expts. 55, 65) was even more successful than the preheating method, 77—85% 
of diol being obtained. Presumably this method would be unsuitable for olefins sensitive to 
mineral acid. 

The results just described strongly suggested that pertungstic acid also catalyses the addition 
of peracetic acid to olefins, but experiments in which the per-acid and free hydrogen peroxide 
were determined by titration during the reaction failed to confirm this; the initial rate of 
consumption of peracetic acid was little different whether pertungstic acid was present or not, 
although in the latter case consumption of hydrogen peroxide was very much slower. The 
two reactions (a) pertungstic acid-catalysed reaction between olefin and hydrogen peroxide 
and (b) direct reaction between olefin and peracetic acid, may obviously be superimposed, but 
reaction (b) is very slow compared with (a) and would not be expected to affect the results 
greatly. Possibly in the initial stages of the reaction the peracetic acid, which constitutes 
some 30% of the total peroxide present, may function as a reservoir of peroxide protected 
against decomposition. It was also found that in all cases where acetic acid was used as a 
diluent part of the diol (usually about a half, but the amount was variable) was fixed in a 
combined state and could only be titrated or isolated after hydrolysis. The nature of the 
“combined diol ’’ was not investigated, but it was probably an epoxide and/or acetate. 

A few other variations in procedure were tried, without success (Expts. 56, 57, 61, and 62). 

The “ preheating ’’ method was applied to both isomers of diisobutylene, which reacted 
easily thus. The reaction was complicated here by the appearance of by-products similar to 
those observed by Byers and Hickinbottom (j., 1948, 268, 1328). 2:4: 4-Trimethylpent- 
l-ene gave only a 41% yield of diol (by titration), and a little 4: 4-dimethylpentan-2-one 
(isolated as 2 : 4-dinitrophenylhydrazone) was found amongst the products, as also observed 
by Byers and Hickinbottom and possibly arising from oxidation of the diol. A high-boiling 
by-product, probably identical with that obtained by Byers and Hickinbottom and presumed 
by them to be 2: 4-dimethyl-2 : 4-dineopentyldioxan, was in the present case characterised, 
by its identity (infra-red absorption spectrum) with a synthetic sample, as the cyclic acetal 
between the diol and 2: 4 : 4-trimethylpentanal, i.¢., 4-methyl-4-neopentyl-2-(4’ : 4’-dimethyl-2’- 


Hy, 


(I.)  CMe,°CH,-CHMe-CH” | 
Ny Me’CH,’CMe, 


pentyl)dihydrodioxole (I). 2:4:4-Trimethylpent-2-ene gave 91% of titrated diol, but the 
amount actually isolated was much less than this, and here again high-boiling by-products 
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were obtained. Byers and Hickinbottom (ibid., p. 1331) traced formation of these by-products 
in their case (i.e., using peracetic acid alone) to irregular hydrolysis of the epoxides, which here 
are the precursors of the respective diols. Formation of very similar by-products in the 
present instance points to the epoxide being an intermediate also in the catalytic hydroxylation 
(see below). 

In order to see if the branched >C:C> structure was reponsible for such irregularities, 
3-ethylpent-2-ene (from triethylcarbinol) was submitted to reaction under the same conditions, 
but it gave an 85% yield of diol and no obvious by-products beyond a trace of ketonic material, 
Incidentally, mesityl oxide failed to undergo hydroxylation (or epoxidation) with any of the 
procedures here described. 

But-l-ene was passed, as gas, into the reagent at 70°; reaction was fairly rapid at first, but 
later became very slow, and a good deal of butene was wasted in forcing the consumption of 
peroxide to completion. Butane-1 : 2-diol was obtained, but the reaction would evidently be 
more satisfactorily carried out under pressure. 

4-Vinylcyclohexene was readily hydroxylated as far as 4-vimylcyclohexane-1 : 2-diol; 
hydroxylation of the second double bond could be carried out either thence, or directly from 
the diene by the use of two molar equivalents of hydrogen peroxide, to given an intractable 
substance presumed to be the saturated tetraol (4-1’ : 2’-dihydroxyethylcyclohexane-1 : 2-diol), 
The hydroxylation of vinylcyclohexene and characterisation of the product have been further 
studied by Mr. L. S. Abbott of this Department (Abbott and Faulkner, to be published). 

The product from cyclohexene proved to be trans-cyclohexane-] : 2-diol. Hydroxylation 
with osmium tetroxide in ¢ert.-butanol was found by Milas and Sussman (J. Amer. Chem. Soc., 
1936, 58, 1302) to give the cis-diol, and this we are able to confirm; Dupont and Dulou (Compt. 
vend., 1936, 203, 92) state that the product is mixed cis- and trans-diols, but this assertion appears 
to be based on the low melting point of their product, and no separation of isomers is reported. 
The formation of different isomers by different catalysts leads to the more general question of 
the stereochemistry of addition of hydrogen peroxide under different conditions. 

Stereochemistry of Catalytic Hydroxylation.—Milas and Sussman (J. Amer. Chem. Soc., 1937, 
59, 2345) were of the opinion that, in all catalytic hydroxylations, addition of 2 OH took place 
in, the cis-direction. Whereas Milas’s own results do in fact show that, in all cases where two 
isomers arise and are identifiable, hydroxylation with osmium tetroxide gives only cis-addition, 
his papers carry no concrete evidence for extending this to other catalysts. Treibs (Angew. 
Chem., 1939, 698) states, on the other hand, that addition of hydrogen peroxide in presence of 
pervanadic acid always proceeds in the trans-direction, but he quotes experimental evidence 
only for cyclohexene. A survey of the direction of addition in all reported cases is given in 
Table IV. 


TABLE IV. 
Direction of 
Addition to: , Product. addition. 
cis-Diol cis 
cis + trans-Diol * both 
cis-Diol cis 


Maleic acid (cis-) 
Fumaric acid (tvans-) 
Et, maleate (cis-) 
Et, fumarate (trans-) 
Oleic acid (cis-) 


Cinnamy] alcohol (évans-) = 
cycloHexene SeO, 
a Pervanadic 
acid 
Et, fumarate 
cycloHexene 


Pertungstic 
id 


Maleic acid (cis-) 
Crotonic acid (¢vans-) 


mesoTartaric acid * 
Racemic acid * 
Et, mesotartrate 
Et, racemate 
erythro-Dihydroxy- 
stearic acid 1° 
threo-Stycerol 
trans-Diol 


Racemic acid * 
trans-Diol 


Racemic acid 
erythro-Dihydroxy- 
butyric acid 


* In these cases the product was not unequivocally identified as such. 


1 Present work. * Milas et al., J. Amer. Chem. Soc., 1936, 58, 1302. , , 
« Idem, ibid., p. 2345. 5 Idem, ibid., 1939, 61, 1844. * Dupont and Dulou, Joc. cit. 7 Segyin, loc. cit. 
8 Treibs, Angew. Chem., 1939, 698. ® Gresham and Steadman, J. Amer. Chem. Soc., 1949, 71, 737. 


10 See Wittcoff and Miller, ibid., 1947, 69, 3138. 


cis 
cis 
cis 
cis 
cis 
cis 
trans 
trans 
cis 
trans 


trans 
trans 


3 Idem, ibid., 1937, 59, 2342. 
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It is at once evident that, neglecting doubtful cases, the hydroxyl groups are added in the 
cis-direction by osmium tetroxide catalysis, and that with selenium dioxide, pervanadic and 
pertungstic acid addition is ¢vans for all cases so far recorded. 

Organic per-acids in general are well known to be reagents for trans-addition of two hydroxyl 
groups, but here the epoxide is an isolable intermediate. 

Mechanism of Catalytic Hydroxylation.—Up to the present, hydroxylation with inorganic 
catalysts has been held to involve the liberation of free hydroxy] radicals, followed by attack 
by these upon the ethylenic linkage (Milas et al., locc. cit.; Waters, Ann. Reports, 1945, 42, 
146, and “‘ Chemistry of Free Radicals,” Oxford 1944, p. 246). On the experimental evidence 
now available, this view cannot be maintained. First of all, the complete difference in stereo- 
chemical sense of addition in presence of osmium tetroxide and of the other catalysts 
demonstrates a fundamental difference in mechanism between the two types of catalyst. 
Waters (loc. cit., 1946) has already foreshadowed such a difference, since an alternative 
explanation for the action of osmium tetroxide lies in the formation of a cyclic osmic ester 
followed by oxidative hydrolysis, and in fact these two steps are separately realisable (Criegee, 
Annalen, 1936, 522, 75). The experimental facts are rather strongly in favour of such a 
mechanism, 

There remains the group of trans-hydroxylating catalysts. Here again there is little 
a priori evidence for a free-radical mechanism. The clean reaction in concentrated solution 
and exclusive product of only one stereoisomer, obtained with pertungstic acid catalysis, speak, 
indeed, in favour of an ionic mechanism (the same remarks may be applied to the osmium 
tetroxide reaction). Although a few homolytic reactions’giving good yields of a single product 
are known, the majority give a number of products, or, from the preparative point 
of view, a preponderance of side-reactions. Homolytic fission of the hydrogen peroxide 
molecule into two hydroxy] radicals under the influence of a metallic ion, as implied by Milas, 
does not in fact appear to have been observed experimentally; the normal mechanism of 
liberation of hydroxyl radicals by metallic ions is believed to be on the lines : 


M+H,O, —> M+ +OH- +-OH 
giving not more than one hydroxyl radical per molecule of hydrogen peroxide decomposed 


(see, ¢.g., Barb e¢ al., loc. cit.). The catalytic hydroxylation reaction may be contrasted with 
the action of lead tetra-acetate on olefins whereby glycol diacetates are obtained : 
CR,:CR, + Pb(OAc), —» AcO-CR,CR,OAc + Pb(OAc), 

Although formally analogous to hydroxylation, this clearly involves the addition of free 
acetoxyl radicals, and not only does addition frequently take place in both cis- and trans- 
directions, but substitution of hydrogen atoms by acetoxy] is at least as important as addition 
to the double bond (Criegee, Annalen, 1930, 481, 263). Incidentally, Milas, Kurz, and Anslow 
(loc. cit.) do not provide evidence for the stereochemical direction of addition of hydrogen 
peroxide under the influence of ultra-violet radiation, but the fact that the dihydroxybutyric 
acid they obtained from crotonic acid was not crystalline strongly suggests that it was a mixture 
of isomers. It is noteworthy that half the peroxide consumed in this process was decomposed 
to oxygen and water. 

Further evidence against the participation of free radicals in the catalytic reaction was 
afforded by the observation that it is quite uninhibited by picric acid (Expt. 37), which is 
known to terminate free-radical reaction chains by combination with the active radicals. 

Interaction of olefins with organic per-acids leads to trans-diols. However, the mechanism 
is here clear, at least in the later stages, since epoxides are known intermediate products and 
these on ring fission, involving a Walden inversion at one carbon atom, give tvans-diols. It 
is possible, and even probable, that reaction of an olefin with pertungstic acid (HWO,°O°OH), 
which is formally analogous to peracetic acid, may also give the epoxide; the apparent 
impossibility of using pertungstic acid in anhydrous solvents prevents a direct proof of this. 
The mechanism by which the epoxide is formed from olefin and organic per-acids is, however, 
still unknown. The reaction is facilitated by increased nucleophilic character of the double 
bond, and is considered by Swern (J. Amer. Chem. Soc., 1947, 69, 1692) to be an ionic addition 
reaction. One may deduce that the first step is addition of a cation (either free or “‘ potential ’’) 
to the electronegative side of the double bond. Swern (loc. cit.) assumes that this cation is O*, 
admitting ignorance of how this might actually be liberated from the per-acid. More probably 
it is an oxygen-containing cation, possibly arising from polarisation of the per-acid in the 

- + 
sense OAc-OH (cf. Criegee, Annalen, 1948, 560, 131). A similar postulate could be applied to 
9H 
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= - 
the case of pertungstic acid if this could react as HWO,°OH; a qualitative increase in reactivity 
with nucleophilic character of the double bond can be discerned in the present instance also, 
It is actually unnecessary to postulate intermediate formation of the epoxide in this case, since 
ionic addition is normally trans; the reaction could be 


H 
CR,:CR, + HWO,-0-OH —> near, 
-WO,H 
~ H 
R,C-CR, + H,O —> Re R, + HWO,-OH 
‘WO,H H 
HWO,-OH + H,O, —» HWO,-0-OH + H,O 


+ — 

Since hydrogen peroxide has very little tendency to react as OH OH, it naturally cannot 
readily add directly to an ethylenic linkage without the mediation of a catalyst. 

It may also be seen that a gradation exists from catalysts such as pertungstic acid, which is 
almost exclusively hydroxylating, through those such as pervanadic acid which give much 
“‘ non-specific ’’ oxidation as well, to those such as ferrous salts which result almost invariably 
in ‘‘ non-specific’ oxidation to a variety of products, often as far as carbon dioxide. Since 
the last type of behaviour is ascribed to liberation of free hydroxyl] radicals, it is reasonable to 
suppose that catalysts of the type.of pervanadic acid may indeed also give rise to hydroxyl 
radicals, but that these are responsible, not for the hydroxylating action, but for the observed 
side-reactions. 

EXPERIMENTAL. 


Quantitative work. 

Methods of Analysis.—Hydrogen peroxide was determined iodometrically by the procedure of 
Kolthoff and Sandell (“‘ Textbook of Quantitative Inorganic Analysis,’’ Macmillan 1943, p. 630). In 
experiments involving acetic acid, it was sometimes of interest to titrate hydrogen peroxide and 
peracetic acid separately, which was done by the method of Smit (Rec. Trav. chim., 1930, 49, 675). 

Olefins were determined by the bromide—bromate procedure where applicable. For hydrocarbons 
and maleic acid the modified method of Lucas and Pressman (Ind. Eng. Chem. Anal., 1938, 10, 140) 
was used. 

Glycols were determined by a modification of the method of Vorhees, Ellis, and Maynard (J. Biol. 
Chem., 1940, 183, 491) which has been developed in the Analytical Section of this Department. The 
sample (<0-4 millimol. of glycol) is added to 50 ml. of a reagent, containing 2-5 g. of potassium'jodate 
and 10 g. of magnesium sulphate heptahydrate in | 1. of 0-1N-sulphuric acid. After 4 hour the solution 
is diluted to about 150 ml., and N-NaOH added until a permanent turbidity appears, followed by 10 ml. 
of buffer solution (120 g. of Na,HPO,,12H,O and 35 ml. of 10N-H,SO, in 1 1., adjusted to pH 4) and 
10 ml. of 10% potassium iodide. The liberated iodine is then titrated (slowly) with 0-1N-sodium 
thiosulphate. 

Hydrogen peroxide, when present, interferes with the determination of both olefins and glycols, 
and was conveniently removed by neutralising the mixture, then adding equivalent amounts (about 
0-5 milliequiv.) of sodium hydroxide and silver nitrate, and boiling the solution for 5 minutes. In 
experiments in acetic acid solution, about half the glycol was “‘ free ’’ and the remainder “‘ combined ” 
(presumably as ester or epoxide) and only titratable after boiling the sample for 1 hour with an excess 
of 2N-sodium hydroxide. 

Ketones were determined by means of an alcoholic hydroxylamine hydrochloride reagent (Maltby 
and Primavesi, Analyst, 1949. 74, 498). Acids were titrated conventionally. 

Materials.—Vanadium pentoxide was of reagent grade; a few experiments were made in which it 
was purified by conversion into the sulphide and ignition, followed by dissolution in hydrogen peroxide 
and reprecipitation by boiling the solution. No ditference in catalytic properties was found in the 
purified material. 

Tungsten trioxide was a commercial sample. After long storage in a clear glass bottle, it formed 
some dark lower oxide which was not only insoluble in hydrogen peroxide but catalysed the decomposition 
of the latter. Trioxide stored in the dark did not deteriorate thus. 

Hydrogen peroxide was commercial “ 100-volume,’’ and presumably contained stabilisers. 

Most of the ally! alcohol used was “‘ Kahlbaum’s pure’”’ in sealed ampoules. A sample from 
B.D.H. Ltd. was fractionated through a column before use and had b. p. 97—98°. 

Other olefins were either fractionated commercial samples or prepared in these laboratories. 

Methods.—In general, the experiments consisted in allowing olefin, hydrogen peroxide, catalyst, and 
diluent to react at room temperature or immersed in a thermostatically controlled heating bath, following 
the progress of the reaction and finally determining the products by titrating suitable aliquots 
for hydrogen peroxide, olefin, glycol, and by-products where appropriate. In cases where the reaction 
mixture was not homogeneous, it was mechanically stirred so as to obtain thorough emulsification, and 
experiments at elevated temperatures were conducted under reflux. Details of the quantities and 
conditions employed and results obtained are summarised in Tables I—III. It will be noted that in 
most cases some unchanged olefin remained, and that yields are calculated on the olefin consumed. 
Some further experimental details of typical experiments will be found below, under “‘ Products ’’. 

Runs in aqueous solution were carried out by dissolving the catalyst in 30% hydrogen peroxide 
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diluting the solution somewhat with water, adding the olefin to be, hydroxylated, and diluting the 
mixture finally to the required volume, usually bringing the hydrogen peroxide concentration to about 
Qu. In some experiments (Nos. 1, 7—13, 18, 25—28, 32, 45) no diluent was added. 

Anhydrous hydrogen peroxide in éert.-butanol was prepared by the method of Milas (loc. cit.), 
except that anhydrous magnesium sulphate was found a better dehydrating agent than sodium sulphate. 

The following procedures were used in attempts to hydroxylate olefinic hydrocarbons (Table III) ; 
the preferred methods are B and C. 

Method A. 30% Hydrogen peroxide (14-25 ml.), containing tungsten trioxide (0-2 g. where_used), 
was stirred mechanically at the stated temperature with 45 ml. of glacial acetic acid and 0-1 pats f 
hydrocarbon. 

d Method B. A mixture of 30% hydrogen peroxide (14-25 ml.) and glacial acetic acid (45 ml.) was 
heated to 80° for 1 hour; the tungsten trioxide (0-2 g., where used) could then be dissolved in this by 
setting the mixture aside for several hours at room temperature, and the prepared solution was then 
stirred with hydrocarbon (0-1 mol.) at the stated temperature. 

Method C. As A, but with the prior addition of 2 drops of concentrated sulphuric acid. 

Method D. 30% Hydrogen peroxide (15 ml.) containing tungsten trioxide (0-2 g.) was added slowly 
during the time stated to a stirred, heated mixture of hydrocarbon (0-1 mol.) in acetic acid (35 ml.). 

Method E. Tungsten trioxide (0-2 g., where used) was dissolved in 30% hydrogen peroxide (20 ml.) 
and kept at 21—24° for 4 hours with acetic anhydride (100 ml.) and concentrated sulphuric acid (1 g.). 
The sulphuric acid was neutralised by the addition of anhydrous sodium acetate (2-5 g.), and the 
decanted solution was then stirred with hydrocarbon at the temperature stated. 


Products. 

Arising from the experiments herein described, hydroxylation products were isolated from the 
following starting materials : 

Allyl Alcohol (Table I).—The products from a number of runs were pooled, and, after evaporation 
of water and unchanged allyl alcohol, distillation afforded glycerol, b. p. 180°/15 mm. (tribenzoate, 
m. p. 69-5°). 

Dut-2-en-1-0l (Expt. 50).—Hydroxylation of but-2-en-l-ol in aqueous solution with pertungstic 
acid gave butane-l : 2 : 3-triol, b. p. 170°/20 mm., nj? 1-4622 (Lieben and Zeisel, Monatsh., 1880, 1, 832, 
give b. p. 172—175°/27 mm.). 

Crotonic Acid (Expt. 47).—From the hydroxylation product, unchanged crotonic acid was extracted 
with chloroform, and the aqueous layer on evaporation yielded erythro-1 : 2-dihydroxybutyric acid, 
m. p. 82—83° (from ethyl acetate) (Braun, J. Amer. Chem. Soc., 1929, 51, 228, gives m. p. 81-5°, the 
threo-isomer having m. p. 75°). 

Maleic Acid (Expt. 48).—The hydroxylation of maleic acid was forced to substantial completion by 
addition of further quantities of hydrogen peroxide. On evaporation to dryness, a 61% yield of 
racemic acid, m. p. 203—204° (from acetone), was obtained. After reaction of potassium hydrogen 
maleate with hydrogen peroxide and pertungstic acid (Expt. 49), the aqueous solution crystallised on 
cooling. The isolated crystals gave a low titration equivalent for potassium hydrogen racemate, and 
contained a tenaciously-held impurity (potassium hydrogen oxalate ?); some pure racemate (Found : 
equiv., 187. Calc. for CjH,O,K: equiv., 188) was, however, obtained after lengthy fractional 
crystallisation. 

Oct-l-ene (Expts. 53—62).—Octene was hydroxylated by method B or C (see above), and some 
solvent removed from the product under reduced pressure. The residue was heated under reflux for 
1 hour with an excess of aqueous sodium hydroxide (about 2Nn.), and the glycol extracted with ether. 
It had m. p. ca. 25°, b. p. 1837—139°/20 mm. (Swern, Billen, and Scanlan, J]. Amer. Chem. Soc., 1946, 
68, 1504, found m. p. 30—35°, b. p. 135—136°/10 mm.), and yielded a di-l-naphthylurethane, m. p. 
112—114° (from light petroleum) (Found: N, 5-5. C,,H;,0,N, requires N, 5-9%). 

cycloHexene (Expts..63—68).—By similar means (except that continuous extraction of the product 
with ether was required), cyclohexene yielded trans-cyclohexane-1 : 2-diol, b. p. 130—140°/30 mm., 
m. p. 102° (from ethyl acetate) (dibenzoate, m. p. 91—92°). Hydroxylation of cyclohexene (100 
millimols.) by anhydrous hydrogen peroxide (101-6 millimols.) in fert.-butanol at 20° with osmium 
tetroxide (15 mg.) as catalyst, following the general directions of Milas (loc. cit.), gave 47% (by 
titration; calc. on cyclohexene consumed) of cis-cyclohexane-1 : 2-diol, b. p. 120—140°/15 mm., m. p. 
95—96° (from ethyl acetate) (dibenzoate, m. p. 683—65°). Rothstein (Ann. Chim., 1930, 14, 461) gives: 
trans-diol, m. p. 104°, b. p. 117°/13 mm. (dibenzoate, m. p. 92°); cis-diol, m. p. 98°, b. p. 116°/13 mm. 
(dibenzoate, m. p. 63-5°; the m. p. of 71-5° reported by Brunel, Compt. rend., 1903, 186, 384, appears 
to be erroneous).* 

2:4:4-Trimethylpent-l-ene (Expt. 69).—This (100% pure; m}$ 1-4136) was hydroxylated by 
method B. The hydrolysed product from 22-4 g. of olefin was distilled through a semi-micro-column 
(3 theoretical plates), and the fractions, after removal of solid glycol, were further separated in a micro- 
column. The following cuts were finally obtained : 


B. p. nis, Weight, g. B. p. nis, Weight, g. 
(i) 100—106° 1-4095 5 (vi) 112—116°/15 mm. _1-4421 . 

(ii) 105—125° 1-4119 1 (vii) 216—220° (solid) 

iii) 126—128° 1-4110 1 (viii) 130—132°/15 mm. _1-4430 

iv) 167—163° 1-4146 1 (ix) 145—146°/15 mm. 1-444] 

(v) 90—108°/15 mm. 1-4398 0-22 


Fraction (vii) after recrystallisation from light petroleum gave 2: 4: 4-trimethylpentane-1 : 2-diol 
prisms, m. p. 59° (Prileschajew, Ber., 1909, 42, 4811, gives m. p. 60—61°). Fraction (iv) may be 


* Mixed cis- + tvans-cyclohexane-l : 2-diol is conveniently prepared by hydrogenation of cyclo- 
hexan-1-ol-2-one, which may be obtained through chlorination of cyclohexanone (Young, B.P. 576,680). 
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the corresponding unsaturated alcohol, as observed by Byers and Hickinbottom (J., 1948, 1328, 1331). 
Fraction (iii) proved to be 4 : 4-dimethylpentan-2-one identified f the 2 : 4-dinitrophenylhydrazone, 
yellow needles, m. p. 90—92° (Found: C, 52-8; H, 6-0. C,,H,,0,N, requires C, 53-0; H, 62%). An 
authentic specimen of (III) (semicarbazone, m. p. 174—175°; lit., 176°), obtained by the method of 
Byers and Hickinbottom (ibid., p. 1336), gave the same hydrazone, m. p. 94—95° (no depression of mixed 
m. p.). Whitmore et al. (J. Amer. Chem. Soc., 1941, 68, 2035) record m. p. 100°, but did not analyse 
their derivative. 

The higher fractions with 2: 4-dinitrophenylhydrazone in 2N-hydrochloric acid gave a yellow 
hydrazone, m. p. 140—141°, aw f that of 2:4: 4-trimethylpentanal (lit., m. p. 145°) (Found: 
C, 54:1; H, 6-1. Calc. for C,,H,O,N,: C, 54:5; H, 6-5%). 

Fraction (ix) contained a little active hydrogen (Found: 0-058%), but examination of its infra-red 
absorption spectrum demonstrated it to be mainly 4-methyl-4-neopentyl-2-4’ : 4’-dimethyl-2’-pentyl-dihydro- 
dioxole (I). A synthetic sample of (I) was prepared by heating equivalent quantities of (II) and 
(IV) in benzene with a few drops of concentrated hydrochloric acid in a Dean-—Stark apparatus until 
water ceased to be evolved. Distillation gave (IV), b. p. 130°/12 mm., n?? 1-4412 (Found: C, 74-5; 
H, 13-0. C,H ;,0, requires C, 75-0; H, 12-5%). The infra-red absorption spectrum was compared 
with that of fraction (ix) above by Mr. A. R. Philpotts of this Department, who reported that they were 
almost identical, both having a characteristic series of bands of the same relative intensities at 905, 
926, 957, 982, 1002, 1016, 1038, 1065, 1086, 1100, 1208, and 1254 cm.-, the last two bands being 
attributed to ¢tert.-butyl groups. Fraction (ix) in addition gave some evidence of impurity, which is not 
surprising. Byers and Hickinbottom (loc. cit., p. 1329) record b. p. 128°/19 mm,, nj? 1-4412, for the 
compound described by them as 2: 5-dimethyl-2 : 5-dineopentyldioxan. 

2:4: 4-Trimethylpent-2-ene.—This isomer (96-5% pure; mn}$ 1-4130) was hydroxylated in better 
yield but still gave a large range of by-products. Fractionation of the product from 22-4 g. of olefin 
finally gave : 


B. p. nys. i ‘ B. p. nig, Weight, g. 
(i) 101—107° 1-4140 * (v) 95—108°/15 mm. : 
(ii) 117—154° 1-4802 . (vi) 198—200° 
i") 154—165° 1-4134 ° (vii) 124—140°/15 mm. 
iv) 180—185°, 1-4336 (viii) 148—150°/15 mm. 
76— 95°/15 mm. 


Fraction (vi) was 2:4: 4-trimethylpentane-2:3-diol, and after recrystalisation from light 
petroleum formed needles, m. p. 65° (Prileschajew, loc. cit., records m. p. 65—66°). All these fractions 
gave precipitates of unsharp m. p. with 2 : 4-dinitrophenylhydrazine in 2N-hydrochloric acid; fractional 
crystallisation yielded a reddish-orange derivative, m. tg 200—202°, probably the pyrazpline described 


by Byers and Hickinbottom (loc. cit., p. 284) (Found : 54-5; H, 6-5. Calc. for C,,H,,0,N,: C, 54-9; 
H, 5-9%), and a more soluble hydrazone which could not be purified beyond m. p. 95—125°. Fraction 
(viii) contained 0-27% of active hydrogen (Calc. for C,,H;,0,°OH : 0-37%), and may well have been a 
mixture of dioxan derivatives of the type described by Byers and Hickinbottom. F 

Commercial diisobutylene gave, as expected, a mixture of the products from the two isomers. The 
diols were separable by fractional distillation. 

3-Ethylpent-2-ene (Expt. 72).—The olefin, b. p. 85—88°, n}§ 1-4142, was obtained by distilling 
3-ethylpentan-3-ol (Davies and Kipping, /J., 1911, 99, 298) with sodium hydrogen sulphate. The 
product (method B) was fractionated in a search for by-products, giving: (i) b. p. <100°, 1-4 g.; 
(ii) b. p. 105—183°, 1-4 g.; and (iii) > 200—201°, 7-0 g., nf 1-4464. Fraction (iii) was 3-ethylpentane- 
2 : 3-diol (Tiffeneau and Dorlemont, Compt. rend., 1906, 148, 127, give b. p. 194—197°). Fraction (ii) 
gave in small yield a 2: 4-dinitrophenylhydrazone, m. p. (incomplete) 133°, and evidently contained 
but small amounts of any individual] ketone. 

But-1-ene (Expt. 71).—Saturation of the reagent of method B with but-l-ene and working up in the 
usual way resulted in butane-] : 2-diol, b. p. 96°/16 mm., n?0 1-4337 (Tischchenko and Churbakov, 
J. Gen. Chem. Russia, 1937, 7, 663, give b. p. 191°, n#? 1-435). 

4-Vinylcyclohexene (Expts. 73—74).—Addition of slightly more than 1 molar proportion of hydrogen 
peroxide by method B gave, in good yield, 4-vinylcyclohexane-1 : 2-diol, b. p. 112—115°/1 mm., m. p. 
29—33-5°, n2? 1-5027 (Found: C, 67-4; H, 9-9. C,H,,O, requires C, 67-6; H, 9-9%). The bis-3 : 5- 
dinitrobenzoate, crystallised from benzene-light petroleum, had m. p. 83—85° (Found: C, 49-0; H, 3-4. 
CoH sO 1aN, — C; 48-5; H, 34%). Addition of rather more than 2 moles of hydrogen peroxide 
to the diene afforded a product, which was isolated by salting out with potassium carbonate and 
extraction with n-butanol. After reprecipitation several times from cold ethanolic solution by addition 
of acetone it formed a hygroscopic amorphous mass, presumed to be the tetraol (4-1’: 2’-hydroxy- 
ethylcyclohexane-1 : 2-diol). This could also be obtained in small yield by the sluggish reaction of the 
diol with hydrogen peroxide and pertungstic acid in aqueous solution at 70° (Expt. 52). A further 
account of these compounds, including proofs of structure, will be given later (Abbott and Faulkner, 
to be published). 
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632. Studies in the Azole Series. Part XXIII. A New 
Synthesis of 6-Aminopurines. 
By A. H. Coox and E,. Situ. 


Representative thiazoles and glyoxalines bearing 5-thioureido- and 4-cyano-substituents 
have been shown to undergo cyclisation to thiazolopyrimidines and purines, respectively, on 
treatment with alkali. 9-Methyladenine and some related compounds have been prepared in 
this way. 


Tue synthesis of purines of the xanthine and hypoxanthine classes bearing a variety of 
substituents, from glyoxalines (I; R = CO,Et or CO*NH,) has already been described (Parts 
XIV and XX, this vol., pp. 1071, 2329). In Part XVII (ibid., p. 1440) the possibility was 
envisaged of cyclising amino-nitriles (I; R = CN), by methods similar to those used in our 


R-CH-CN NH,CO-C==C-NHR 
N Ss 


NH, 
A 


(IT.) (III.) 


early work to give, readily, 5-membered rings bearing a 5-amino-substituent; this would, 
when applied to (I), of necessity lead to 6-membered rings and in particular to 6-aminopurines. 
The requisite amino-nitriles (I; R = CN) might have been obtained by (a) cyclising the so-far 
unknown aminomalononitrile (II; R = CN) in the manner of earlier work or (b) dehydrating 
appropriate amides (I; R = CO*NH,). 

With regard to (a), the formation of aminomalononitrile by polymerising hydrogen cyanide 
was reported by Lange (Ber., 1873, 6, 99) but Bedel (Compt. rend., 1923, 176, 178) showed by 
means of ebullioscopic measurements that the product was in fact a tetrameride; further 
work, notably by Hinkel e¢ al. (J., 1937, 1433; 1939, 49; 1940, 1206), showed it to consist of 
aminoiminosuccinonitrile, and authenticaminomalononitrile does not seem to have been prepared. 
In the present work attempts were made to prepare the required nitrile by reducing oximino- 
malononitrile or benzeneazomalononitrile by various means. No satisfactory evidence of the 
formation of aminomalononitrile was obtained, though the reduction of the oximino-compound 
with aluminium amalgam led to a very small yield «8-diaminopropionitrile (II; R = CH,*NH,) 
(isolated as oxalate and characterised as picrate and dibenzoyl derivative). 

Turning to the alternative (b), we first worked with model compounds, for it was foreseen 
that the acidic and relatively drastic nature of reagents required to dehydrate the appropriate 
heterocyclic amides might also necessitate the protection of a free amino-group as in (I; R= 
CO’NH,). As the project required the ultimate conversion of an amino- into a ureido- or 
thioureido-group, it seemed advantageous to use one of the latter as a permanent protective 
group and so avoid the complication of using some temporary protection. Accordingly, in 
these preliminary experiments 5-amino-2-methylthiothiazole-4-carboxyamide (III; R= H, 
R’ = SMe) was treated with methyl isothiocyanate to give 5-N’-methylthioureido-2-methylthio- 
thiazole-4-carboxyamide (III; R = CS*:NHMe, R’ = SMe) which with phosphorus tribromide 
in dioxan gave a labile phosphorus derivative from which a new compound, formally an anhydride 
of (III; R = CS*NHMe, R’ = SMe), was obtained by cold alkali. The same new compound was 
obtained directly from (III; R= CS*NHMe, R’ = SMe) by treatment with phosphorus 
oxychloride. 

Now a-amino-nitriles and isothiocyanates give, according to substitution and experimental 
conditions, thioureido-nitriles, substituted 2: 5-aminothiazoles, or substituted 5-amino-2- 
mercaptoglyoxalines (J., 1948, 1262, 1340). Three structures, (IV), (V), and (VI), accordingly 
came into consideration for the dehydration product. The compound dissolved only with 
difficulty in boiling dilute acid and was recovered unchanged on cooling; it dissolved in dilute 
alkali and was recovered unchanged on acidification; and it failed to give the murexide reaction 
characteristic of purines and thiazolopyrimidines. These properties practically excluded 
structures (V) and (VI); and, as the compound exhibited absorption in the ultra-violet region 
similar to that of the parent amide (II1; R = CS*NHMe, R’ = SMe) and markedly different 
from that of the comparable compound (VII), it was finally regarded as 5-N’-methylthioureido- 
4-cyano-2-methylthiothiazole (IV).- Aqueous alkali or concentrated acid converted it into 
(VII), almost certainly through the imino-compound (VI); the identity of (VII) was established 
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beyond doubt by its methylation to the thiazolopyrimidine (VIII), identical with the substance 
obtained earlier (this vol., p. 1064). The ready emergence of (VII) rather than (VI) must be 


a HMe 
med * 
NC-C——C-NH:-CS-‘NHMe 
= — 
4 » we 


Me Me SMe 
(IV.) (V.) (VI.) 


ascribed to the instability of the latter associated with its limited resonance possibilities, which 
may be correlated with the fact that 6-aminopurines cannot be alkylated in the 1-position. 
After the above experience had been gained, 5-amino-2-methylthio-1-methylglyoxaline 
4-carboxyamide (this vol., p. 1440) was further examined. It failed to react with potassium 
cyanate or thiocyanate under the usual conditions but with methyl and acetyl isothiocyanate 
furnished 5-N’-methylthioureido- (IX; R = Me, R’ = SMe) and 5-N’-acetylthioureido-2-methyl- 
thio-1-methylglyoxaline-4-carboxyamide (IX; R= Ac, R’ = SMe), respectively. Incidentally 


MeN——C-SMe 
\ 
oc ‘ 
A 
ae NH,CO-C=—C-NH-CS‘NHR 
N 


N NMe 
YZ NZ 


SMe ¢ 
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it was found that treating the parent glyoxaline with methyl isothiocyanate in pyridine afforded 
6-hydroxy-2-mercapto-8-methylthio-9-methylpurine (KX; R = SMe) by elimination of methylamine 
from (IX; R = Me, R’ = SMe) which must have been the primary product; the elimination 
of methylamine rather than ammonia was proved by the preparation of the same purine (X; 
R = SMe) by alkaline hydrolysis and simultaneous cyclisation of (IX; R= Me, R’ = SMe), 
_ In parallel fashion, 5-amino-l-methylglyoxaline-4-carboxyamide and acetyl isothiocyanate 
gave 5-N’-acetylthioureido-1-methylglyoxaline-4-carboxyamide (IX; R= Ac, R’ = H), whilst 


reaction with methyl isothiocyanate in pyridine gave 6-hydroxy-2-mercapto-9-methylpurine 
(X; R=H), presumably by formation of the intermediate (IX; R= Me, R’ = H) and 
elimination of methylamine therefrom: the reaction of 5-amino-1-methylglyoxaline-4-carboxy- 
amide with carbon disulphide to give this purine has been recorded earlier (this vol., p. 2329). 
Phosphorus oxychloride converted the thioureido-compound (IX; R= Ac, R’ = SMe) into 
a dichloro-derivative of incompletely elucidated structure, its precise nature being unimportant 
in the present connection as on alkaline hydrolysis it underwent deacetylation with concomitant 
cyclisation to give 6-amino-2-mercapto-8-methylthio-9-methylpurine (XI; R= SH, R’ = SMe) 
which formed a picrate; on methylation with methyl sulphate and alkali this purine gave 
6-amino-2 : 8-dimethylthio-9-methylpurine (XI; R = R’ = SMe) which was also characterised 
as its picrate. The justification for these formulations rests on the following considerations. 
(a) 5: 6-Diamino-4-methylamino-2-methylthiopyrimidine (XII) (Baddiley, Lythgoe, McNeil, 
and Todd, J., 1943, 385) and carbon disulphide in pyridine gave a product which was 
subsequently formulated as 6-amino-8-mercapto-2-methylthio-9-methylpurine (XI; R = SMe, 
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R’ = SH). That this product contained a mercapto-group was demonstrated by its reaction 
with chloroacetic acid to give 6-amino-2-methylthio-8-carboxymethylthio-9-methylpurine (XI; 
R = SMe, R’ = S°CH,°CO,H). This formulation must be correct because on treating the 
former product with methyl sulphate and alkali the compound postulated above as (XI; 
R = R’ = SMe) was again obtained. This synthesis clearly establishes the existence of the 
6-aminopyrimidine ring in the earlier preparation and incidentally proves that, when completion 
of the glyoxaline ring is effected by treating (XII) with carbon disulphide, cyclisation occurs 
between the 5-amino- and 4-methylamino-groups rather than between the 5- and 6-amino- 
groups. The latter observation is, of course, no more than another illustration of the reaction 
of the pyrimidine (XII) as the tautomeric 6-imino-1 : 6-dihydropyrimidine (Baddiley, Lythgoe, 
McNeil, and Todd, Joc. cit.). 

(b) Still more direct proof of the structure of (XI; R= R’ = SMe) was obtained by 
desulphurisation of the compound with Raney nickel to give %methyladenine (XI; 
R = R’ = H), identical with a specimen which had been prepared by methylating adenine 
from natural sources. 

This new aminopurine synthesis starting from the glyoxaline ring appears to be general. 
Thus 5-amino-2-mercapto-l-methylglyoxaline-4-carboxyamide with benzyl chloride and alkali 
yielded the 2-benzylthio-compound whence acetyl isothiocyanate gave 5-N’-acetylthioureido- 
2-benzylthio-1-methylglyoxaline-4-carboxyamide (IX; R= Ac, R’ = S*CH,Ph). This on 
dehydration with phosphorus oxychloride gave a dichlorvo-derivative, hydrolysed by alkali 
to 6-amino-2-mercapto-8-benzylthio-9-methylpurine (XI; R = SH, R’ = S‘CH,Ph), which with 
methyl sulphate and alkali gave 6-amino-8-benzylthio-2-methylthio-9-methylpurine (XI; R= 
SMe, R’ = S*CH,Ph) characterised as its picrate. The isomeric purine (R = S*CH,Ph, 
R’ = SMe) was obtained by benzylating (XI; R = SH, R’ = SMe), prepared above, and was 
also characterised as its picrate. 

It can be seen that the foregoing amino-purines contain a methyl group in the 9-position, 
which was a consequence of using methyl isothiocyanate in building up the glyoxaline ring 
(Part XVII). Accordingly the use of other appropriate isothiocyanates in this connection 
should lead to 9-substituted aminopurines in general: as described below, some 9-phenyl 
analogues have now been-prepared. 

Aminocyanoacetamide (II; R = CO*NH,) with 1 mol. of phenyl isothiocyanate gives 
5-amino-2-anilinothiazole-4-carboxyamide (IIl; R= H, R’ = NHPh), but with an excess of 
the isothiocyanate gives 2-anilino-5-N’-phenylthioureidothiazole-4-carboxyamide (IIl; R= 
CS‘NHPh, R’ = NHPh). The isomerisation of 2: 5-diaminothiazoles with alkali to give 
2-mercaptoglyoxalines has been described earlier (J., 1948, 1262, 1340) although rearrangement 
of the 2-anilinothiazoles has not hitherto been reported. It was found that 5-amino-2-anilino- 
thiazole-4-carboxyamide (III; R= H, R’ = NHPh) in refluxing aqueous alkali gave a 
diazotisable isomeride, formulated as 5-amino-2-mercapto-|-phenylglyoxaline-4-carboxyamide 
(XIII; R= SH). As expected, this product dissolved in alkali and when this solution was 
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NH,‘CO-C=—C-NH, NH,°CO-C=—C-NH-CS:‘NHAc 
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shaken with methyl sulphate a diazotisable monomethyl derivative separated from solution. 
This was formulated as 5-amino-2-methylthio-1-phenylglyoxaline-4-carboxyamide (XIII; R = 
SMe); condensation with formic acid (cf. Cook and Smith, this vol., p. 2329) gave what must 
be 6-hydroxy-8-methylthio-9-phenylpurine (XIV), whilst reaction with acetyl isothiocyanate 
gave 5-N’-acetylthioureido-2-methylthio-1-phenylglyoxaline-4-carboxyamide (XV). Dehydration 
of (XV) with phosphorus oxychloride gave a dichloro-derivative of the 4-cyano-compound, 
deacetylated by alkali to 6-amino-2-mercapto-8-methylthio-9-phenylpurine (XVI; R = SH), 
Methylation then gave 6-amino-2 : 8-dimethylthio-9-phenylpurine (XVI; R = SMe) (characterised 
as its picrate), and treatment with benzyl chloride gave 6-amino-2-benzylthio-8-methylthio-9- 
phenylpurine (XVI; R = S*CH,Ph). 
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EXPERIMENTAL. 


Reduction of Oximi lononitrile—The silver salt of oximinomalononitrile (290 &.), dried over phos- 
phoric oxide in vacuo and thoroughly powdered, was suspended in ether (1 1.), and hydrogen sulphide was 
passed in for 14 hours with vigorous stirring. The solution was filtered and the filtrate evaporated toa 
small bulk im vacuo. The residual brown oil was filtered from a little sulphur, dissolved in ether 
200 c.c.), and added dropwise during 2 hours to amalgamated aluminium foil strips (90 g.) in ether 
2 1.) containing water (80 c.c.) with vigorous stirring, care being taken to prevent any undue rise in 
temperature. The solution was stirred for a further hour and filtered. The alumina was extracted 
with boiling ethanol (600 c.c.), and to the combined filtrates was added oxalic acid (120 g.) in ether 
(400 c.c.), precipitating a crystalline solid. The solution was kept overnight at 0° to complete 
precipitation, and the product (35 g.), m. p. 145°, was collected and crystallised from aqueous 
ethanol (charcoal) in small colourless rods, m. p. 161° (decomp.), of af-diaminopropionitrile oxalate 
Found: C, 34:5; H, 4:95. C,H,O,N, requires C, 34:3; H, 5-1%). To the oxalate (1 g.) in water 
25 c.c.) containing sodium hydrogen carbonate (3 g.) was added benzoyl chloride (1-5 g.) in ether 
(25 c.c.). The solution was shaken for 30 minutes, and the product which separated (2-0 g.) was 
collected, washed with water and then ether, and crystallised from ethanol, to give colourless needles 
of af-dibenzamidopropionitrile, m. p. 238—239° (Found: C, 69-0; H, 5-2; N, 13-7. C,,H,,0,N, 
requires C, 69-6; H, 5-2; N, 143%). The base was extracted from the oxalate as described above, 
and the dipicrate, prepared by the usual procedure, was crystallised from aqueous ethanol, giving rods, 
= BN em (Found: C, 31-3; H, 3-3; N, 22-2. C,,;H,,;0,,N,,2H,O requires C, 31-1; 

» 29; N, 21-8%). 

5-N .Methylthioureido-2-methylthiothiazole-4-carboxyamide (III; R=H, R’ = SMe).—5-Amino-2- 
methylthiothiazole-4-carboxyamide (cf. Part XVII, doc. cit.) (0-9 g.) in pyridine (2-5 c.c.) was heated 
under reflux for 2 hours with excess of methyl] isothiocyanate (0-8 g.). The solution was cooled and 
diluted with water (10 c.c.), precipitating a colourless product (1-1 g.), m. p. 172—174°. This was 
collected, washed with water and ether, and recrystallised from aqueous ethanol giving needles, m. p. 
179° (Found: C, 32-0; H, 4-1. C,H,,ON,S, requires C, 32-1; H, 3-8%). Light absorption (ethanol: 
Max. at 2680 and 3280; inflexion at 2800 a.; ¢ = 15,210, 14,960, 13,650, respectively. 

Dehydration.—(a) With phosphorus tribromide. The preceding compound (0-2 g.) in anhydrous 
boiling dioxan (35 c.c.) was treated with phosphorus tribromide (2 c.c.). The solution was heated 
under reflux with exclusion of moisture for 30 minutes, and the yellow product (0-15 g.) which had 
separated from the hot solution was filtered off and recrystallised from ethanol in yellow felted needles, 
m. p. 234° (Found: C, 26-5; H, 2-7; N, 16:7%). This product (0-8 g.) was dissolved in 2N-sodium 
hydroxide solution and set aside at room temperature for 1 hour. The solution was acidified with 
2n-hydrochloric acid to give a creamy precipitate (0-7 g.) of 4-cyano-5-N’-methylthioureido-2-methylthio- 
thiazole (IV), m. p. 222°, which was filtered off and recrystallised from glacial acetic acid in microprisms 
(Found : C, 34-6; H, 3-6; N, 22-3; S, 39-0. C,H,N,S, requires C, 34-4; H, 3-3; N, 22-9; S, 39-3%). 
Light absorption (ethanol) : Max. at 2420, 2760, and 3080 a.; © = 11,970, 17,590, 12,220, respectively. 

(b) With phosphorus oxychloride. 5-N’-Methylthioureido-2-methylthiothiazole-4-carboxyamide 
(0-6 g.) was covered with phosphorus oxychloride (12 c.c.) and heated under reflux for 14 hours. The 
solution was evaporated to dryness, and to the brown oily residue was cautiously added 2Nn-sodium 
carbonate (7 c.c.), thereby precipitating a greenish product. This product was filtered off, quickly 
dissolved in the minimum quantity of cold glacial acetic acid, filtered from a little insoluble matter, 
and treated with 2N-sodium carbonate in slight excess, precipitating a white solid. This was collected 
and the filtrate combined with the first sodium carbonate filtrate above, and set aside at 0°; more 
product separated. The combined products (0-2 g.) crystallised from glacial acetic acid in 
colourless prisms, m. p. 222° undepressed on admixture with 4-cyano-5-N’-methylthioureido-2-methyl- 
thiothiazole, prepared by route (a). This product was gently evaporated with concentrated hydro- 
chloric acid and a little potassium chlorate; the residue remained colourless on treatment with 
ammonia or sodium hydroxide solution, indicating a negative murexide reaction. 

Hydrolysis of the Above Product.—(a) With alkali. The preceding compound (0-2 g.) in 10% sodium 
hydroxide solution (5 c.c.) was heated under reflux for 1 hour. The solution was cooled and acidified 
with 10% hydrochloric acid, colourless microprisms (0-2 g.) of 7-keto-5-thio-2-methylthio-6-methyl- 
4: 5:6: 7-tetrahydrothiazolo[4 : 5-d)pyrimidine (VII) (cf. this vol., p. 1064) separating. These were 
crystallised from glacial acetic acid and had m. p. 265° (Found: C, 34-6; H,3-3. Calc. forC,H,ON,S,: 
C, 34-4; H, 33%). Light absorption (0-2N-NaOH) : Max. at 2280 and 3400; ¢ = 19,370 and 20,110, 
respectively. This compound (0-2 g.) was dissolved in N-sodium hydroxide solution (5 c.c.) and shaken 
for 1 hour with excess of methyl sulphate (1 c.c.). The solid compound (VIII) which separated was 
washed with water and then ether and crystallised from ethanol in needles; on admixture with authentic 
material (cf. Part XII, loc. cit.) the m. p. was undepressed. 

(b) With acid. 4-Cyano-5-N’-methylthioureido-2-methylthiothiazole (0-3 g.) covered with concen- 
trated hydrochloric acid (3 c.c.) was heated under reflux for 0-5 hour, cooled, diluted with water 
(10 c.c.), made just alkaline to litmus with 10% sodium hydroxide, and then treated as above to give 
the same thiazolopyrimidine. Both this thiazolopyrimidine and its methylation product gave positive 
murexide colours by the method outlined above. 

5-N’-Methylthioureido-2-methylthio-1-methylglyoxaline-4-carboxyamide (IX; R= Me, R’ = SMe).— 
5-Amino-2-methylthio-1-methylglyoxaline-4-carboxyamide (0-2 g.) dissolved in boiling ethyl acetate 
(30 c.c.) was heated under reflux with excess of methyl isothiocyanate (1 g.) for 45 minutes. 
The solution was evaporated to dryness in vacuo, and the residue (0-3 g.) crystallised from ethanol in 
colourless prisms of the thioureido-derivative, m. p. 193° (Found: C, 37:3; H, 5-0. C,H,,;ON,S, 
requires C, 37-1; H, 5-0%). 

6-H ydroxy-2-mercapto-8-methylthio-9-methylpurine (X; R = SMe).—5-Amino-2-methylthio-1-methyl- 
glyoxaline-4-carboxyamide (0-2 g.) in pyridine (2 c.c.) was heated under reflux for 2 hours with excess of 
methyl isothiocyanate (1 g.). The solution was cooled and diluted with water (10 c.c.), and the product 
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which separated (0-1 g.) was purified by recrystallisation from pyridine, followed by dissolution in 
10% sodium hydroxide and precipitation with 10% hydrochloric acid, whereupon microprisms of the 
purine em) These decomposed above 300° (Found: C, 37:3; H, 3-1. C,H,ON,S, requires 
Cc, 36-8; H, 3-5 ‘o/* 

tle con rene ig oe gel pete ys (IX; R = Ac, R’ = H).—5-Amino-l-methyl- 
glyoxaline-4-carboxyamide (Part IX) (1 g.), suspended in pyridine (20 c.c.), was treated under reflux 

with acetyl isothiocyanate (0-5 c.c.). Pyridine, which was the only suitable non-hydroxylic solvent 
for this compound, tended to decompose the isothiocyanate. After 30 minutes, more acetyl isothio- 
cyanate (0-5 c.c.) was added, and two more such additions were made at half-hourly intervals for 
1} hours, the toal period of reflux being 2} hours. The solution was evaporated under reduced pressure, 
and the residual oil was dissolved in boiling ethanol. Evaporation of this to smaller bulk (ca. 20 c.c.), 
followed by cooling to 0° and addition of ether (10 c.c.), gave a product (0-5 g.), m. p. 230°. This was 
recrystallised several times from ethanol to give colourless laths of the thioureido-derivative, m. p. 245° 
(decomp.) (Found: C, 40-2; H, 4-6. C,H,,0O,N,S requires C, 39-8; H, 4-6%). 

6-H ydroxy-2-mercapto-9-methylpurine (X; R = H).—5-Amino-l-methylglyoxaline-4-carboxyamide 
0-2 g.), suspended in pyridine (30 c.c.), was heated under reflux for 8 hours with methy] isothiocyanate 

1 c.c.), the purine (0-2 g.) gradually separating from the hot solution. This was filtered off and 

recrystallised from water as the hemihydrate in rosettes of colourless laths, m. p. 310—320° (Found : 
C, 38-0; H, 3°8; N, 29-3. Calc. for C,H,ON,S,3H,O: C, 37:7; H, 3-7; N, 29-3%) (cf. Part XX). 
The anhydrous purine of unchanged m. p. was obtained by drying the hydrate over phosphoric oxide 
for 1 hour in vacuo at 100° (Found: N, 30-7. C,H,ON,S requires N, 30-8%). 

5-N’-Acetylthioureido-2-methylthio-1-methylglyoxaline-4-carboxyamide (IX; R = Ac, R’ = SMe).— 
§-Amino-2-methylthio-1-methylglyoxaline-4-carboxyamide (2-4 g.) was suspended in boiling ethyl 
acetate (100 c.c.) and on being heated under reflux for 30 minutes with acetyl isothiocyanate (1-5 g.) 

dually dissolved. The solution was evaporated to dryness in vacuo, and the residue crystallised 
rom ethanol to give slightly yellow prisms (3-1 g.) of the thioureido-derivative, m. p. 199° (decomp.) 
(Found : C, 37-5; H, 6-6; N, 24-2. C,H,,0,N,S, requires C, 37-6; H, 4-6; N, 24-4%). 

Alkaline Hydrolysis of the Above Compound.—The above compound (0-5 g.) in 10% aqueous sodium 
hydroxide (10 c.c.) was heated under reflux for 30 minutes. The solution was cooled and acidified with 
10% hydrochloric acid, precipitating a white solid (0-4 g.). This was collected, crystallised from 
pyridine-ether, dissolved in 10% aqueous sodium hydroxide, and precipitated with glacial acetic acid 
in colourless scintillating plates of 6-hydroxy-2-mercapto-8-methylthio-9-methylpurine (X ; R = SMe) which 
decomposed gradually above 300° (Found : C, 36-7; H, 3-6. C,H,ON,S, requires C, 36-8; H, 3-5%). 

Action of Phosphorus Oxychloride on the Above Compound.—The above compound (1-5 g.), dried over 
hosphoric oxide im vacuo, was covered with phosphorus oxychloride (20 c.c.) and heated under reflux 

for 1 hour, giving a clear brown solution after ca. 15 minutes, from which crystals were deposited. The 
solution was evaporated to dryness in vacuo, and the residue was cautiously treated at 0° with ice-water 
(20 c.c.) to give a yellow creamy precipitate. This was dissolved in 10% aqueous sodium hydroxide, 
filtered from a little insoluble residue, and acidified with 10% hydrochloric acid, giving a product which 
was collected and dissolved in boiling glacial acetic acid (25 c.c.). Filtration, followed by cooling and 
dilution with ether (30 c.c.), gave yellow microprisms (1-4 g.) of the dichloro-derivative, m. p. 225—226° 
(effervescence), of 4-cyano-5-N’-acetylthioureido-2-methylthio-l-methylglyoxaline (?) which were 
recrystallised from glacial acetic acid (Found: C, 32-1; H, 3-5; N, 20-2. C,H,ON,CI1,S, requires 
C, 32-0; H, 2-7; N, 207%). 

6-A mino-2-mercapto-8-methylthio-9-methylpurine (XI; R = SH, R’ = SMe).—The preceding com- 
pound (0-6 g.) in N-sodium hydroxide solution (5 c.c.) was heated under reflux for 15 minutes. The 
solution was cooled and made just acid to litmus with 10% hydrochloric acid, giving a creamy white 
solid (0-4 g.). This was filtered off and dissolved in 10% hydrochloric acid (5 c.c.) with warming. The 
solution was filtered and 10% sodium hydroxide solution was added until the mixture was just acid to 
litmus. The purine was filtered off and purified for analysis by dissolution in 10% sodium hydroxide 
and precipitation with 10% hydrochloric acid as colourless microprisms, m. p. 270° (Found: C, 37-0; 
H, 4:0; N, 30-4. C,H,N,S, requires C, 37-0; H, 4-0; N, 30-8%). The purine was heated under reflux 
with methanolic picric acid until it had dissolved, and the picrate which separated on cooling 
crystallised from dilute methanolic picric acid in dun-coloured needles, m. p. 244—246°. 

6-Amino-2-mercapto-8-methylthio-9-methylpurine (0-1 g.) in N-sodium hydroxide (2 c.c.) was shaken 
for 30 seconds with methyl sulphate (0-2c.c.). Thecrystals which separated (0-1 g.) were filtered off, washed 
with water and then ether, and crystallised from ethanol in colourless prismatic laths, m. p. 236°, of 
6-amino-2 : 8-dimethylthio-9-methylpurine (XI; R = R’ = SMe) (Found: C, 39-9; H, 4:7; N, 29-2; 
S, 25-5. C,H,,N,S, requires C, 39-8; H, 4-6; N, 29-1; S, 26-56%). The picrate, prepared by the usual. 
method, crystallised from a large volume of methanol in yellow needles, m. p. 259—260° (decomp.) 
(Found: C, 36:2; H, 2-9. C,,H,,O,N,S, requires C, 35-8; H, 3-0%). 6-Amino-2-mercapto-8- 
methylthio-9-methylpurine (0-2 g.) in N-sodium hydroxide (5 c.c.) was shaken for 30 minutes with benzyl 
chloride (1 c.c.), whereupon a white solid gradually separated (0-3 g.). This was filtered off, washed as 
above, and searyeteiitens teow ethanol in colourless prisms, m. p. 198°, of 6-amino-2-benzylthio-8-methyl- 
thio-9-methylpurine (XI; R = S*CH,Ph, R’ = SMe) (Found: C, 62-9; H, 4:8; N, 21-9; S, 19-9. 
C,,H,,N,S, requires C, 53-0; H, 4-8; N, 22-1; S, 20-2%). The picrate crystallised from methanol in 
yy Nn 2069) p. 203—204° (Found: C, 44-1; H, 3-6; N, 20-8. C,,H,,0,N,S, requires C, 44-0; H, 

“3; N, 205%). 

5-A mino-2-benzylthio-1-methylglyoxaline-4-carboxyamide.—5-Amino-2-mercapto- 1 -methylglyoxaline- 
4-carboxyamide (Part XX) (2-0 e) in Nn-sodium hydroxide (5 c.c.) was shaken for 1 hour with excess of 
benzyl chloride (3 c.c.). The product (2-75 g.) which separated was washed with water and then ether, 
and crystallised from ethanol in colourless hexagonal prisms, m. p. 225° (Found: C, 54-7; H, 5-5; 
N, 21-7. C,,H,,ON,S requires C, 54-9; H, 5-4; N, 21-4%). 

5-N’-A cetylthioureido-2-benzylthio-1-methylglyoxaline-4-carboxyamide (IX; R= Ac, R’ = S-CH,Ph). 
—5-Amino-2-benzylthio-1-methylglyoxaline-4-carboxyamide (2-0 g.), suspended in boiling ethyl acetate 





3006 Studies in the Azole Series. Part XXIII. 


(250 c.c.), was treated with excess of acetyl isothiocyanate (2 c.c.) and on being heated under reflux 
for 45 minutes gradually dissolved. The solution was evaporated to dryness im vacuo, and when the 
residual brown oil was rubbed with ether a bright yellow solid (2-5 g.) gradually separated. This 
compound recrystallised from ethanol in colourless monoclinic prisms, m. p. 192° (Found: C, 49-7: 
H, 4-6; N, 19-6. C,,H,,O,N,S, requires C, 49-6; H, 4-7; N, 19-3%). x 

Reaction of the Above Compound with Phosphorus Oxychloride——The above thioureido-derivative 
(1-5 g.), dried over phosphoric oxide in vacuo, was covered with phosphorus oxychloride (10 c.c.) and 
heated under reflux for 35 minutes with exclusion of moisture. The material had dissolved within 
10 minutes to give a clear brown solution. This was evaporated to dryness in vacuo, and to the brown 
residual oil at 0° was cautiously added ice-water (30 c.c.) in small portions. The product (1-3 g.) was 
allowed to crystallise at 0°, filtered off, and recrystallised from methanol-ether, whereupon the dichloro- 
derivative of 4-cyano-5-N’-acetylthioureido-2-benzylthio-1-methylglyoxaline (?) separated in brownish 
prisms, m. p. 226—228° (Found: N, 16-6. C,,H,,;ON,CI1,S, requires N, 16-9%). 

6-A mino-2-mercapto- and 6-Amino-2-methyithio-8-benzylthio-9-methylpurine (XI; R= SMe, R’ = 
S-CH,Ph).—The preceding compound (0-75 g.) in N-sodium hydroxide (10 c.c.) was heated under 
reflux for 10 minutes, and the solution was cooled, filtered, and made just acid to litmus by glacial 
acetic acid, giving a white solid (0-5 g.). The purine was filtered off and purified for analysis by 
dissolution in 10% sodium hydroxide solution and precipitation with 10% acetic acid as colourless 
microprisms, which decomposed at 190—195° (Found: N, 23-1. C,s3H,sN,S, requires N, 23-1%). 

This purine (0-2 g.) in N-sodium hydroxide was shaken for 30 seconds with methyl sulphate (0-5 c.c.). 
The crystals which separated (0-2 g.) were filtered off, washed with water and then ether, and crystallised 
from ethanol in colourless microprisms of 6-amino-8-benzylthio-2-methylthio-9-methylpurine (XI; 
R = SMe, R’ = S°CH,Ph), m. p. 199—200° (Found: C, 52-7; H, 4-8; N, 21-8. C,,H,,N,S, requires 
C, 53-0; H, 4-8; N, 22-1%). The picrate crystallised from ethanol in fine needles, m. p. 200—201° 
(Found : C, 42:9; H, 3-7. CggH,,0,N,S,,H,O requires C, 42-6; H, 3-6%). 

6-A mino-2 : 8-dimethylthio-9-methylpurine (XI; R = R’ = SMe).—(a) Alternative synthesis. 5 : 6-Di- 
amino-4-methylamino-2-methylthiopyrimidine (Baddiley, Lythgoe, McNeil, and Todd, loc. cit.) (0-3 g.) 
in pyridine (10 c.c.) was heated under reflux for 6 hours with carbon disulphide (2 c.c.). The solution 
was evaporated to dryness in vacuo, and the residue (0-3 g.) was washed out with water and purified for 
analysis by dissolution in 10% sodium hydroxide solution, filtration, and then precipitation with 
10% hydrochloric acid as colourless microprisms of 6-amino-8-mercapto-2-methylthio-9-methylpurine 
(XI; R= SMe, R’ = SH), m. p. 280—282° (Found: N, 30-8. C,H,N,S, requires N, 30-8%). This 
compound, dissolved in the minimum quantity of pyridine, was heated under reflux for 10 minutes with 
a slight excess of chloroacetic acid. The solution was cooled and diluted with water (4 vols.), and the 
product which separated was washed with water and then ether and crystallised from glacial acetic 
acid—ether in colourless prisms, m. p. 244°, of 6-amino-2-methylthio-8-carboxymethylthio-9-methylpurine 
(XI; R = SMe, R’ = S:CH,°CO,H) (Found: N, 24-2. C,H,,0O,N,S, requires N, 24-55%). 6-Amino- 
8-mercapto-2-methylthio-9-methylpurine was treated as in the methylation of 6-amino-2-mercapto-8- 
methylthio-9-methylpurine (see above), and the product, m. p. 236°, on admixture with 6-amino-2 : 8- 
dimethylthio-9-methylpurine prepared by the route shown above gave no depression of m. p. 

(b) Desulphurisation. 6-Amino-2 : 8-dimethylthio-9-methylpurine (0-4 g.) in methanol (20 c.c.) 
was heated under reflux for 4 hours with Raney nickel (7 c.c. of settled suspension in methanol, prepared 
according to Mozingo, J. Amer. Chem. Soc., 1943, 65, 1013). The nickel was filtered and extracted 
(Soxhlet) with the filtrate for ca. 2 days. Evaporation of the extract yielded 9-methyladenine (XI; 
R = R’ = H) (20 mg.) which crystallised from a large volume of methanol in colourless microprisms, 
m. p. 296—297° (uncorr.), undepressed on admixture with an authentic specimen (kindly supplied by 
Prof. A. R. Todd, F.R.S. to whom we express our thanks). 

Reaction of Aminocy tamide with Phenyl isoThiocyanate.—(a) With one equivalent of isothio- 
cyanate. Aminocyanoacetamide (1 g.) in boiling ethyl acetate (80 c.c.) was heated under reflux for 
30 minutes with phenyl isothiocyanate (1-4 g.). The solvent was removed in vacuo, and the residue 
recrystallised from ethyl acetate in clusters of colourless micro-laths (1-2 g.) of 5-amino-2-anilino- 
thiazole-4-carboxyamide (III; R = H, R’ = NHPh), m. p. 163° (Found: C, 51-7; H, 3-9. C,gH,,ON,S 
requires C, 51-3; H, 4:3%). 

(b) With two equivalents of isothiocyanate. Aminocyanoacetamide (0-8 g.) in pyridine (5 c.c.) was 
heated under reflux for 30 minutes with an excess of phenyl isothiocyanate (3 g.). The solvent was 
removed in vacuo, and the residue was recrystallised from methanol to give 2-anilino-5-N’-phenylthioureido- 
thiazole-4-carboxyamide (III; R = CS:NHPh, R’ = NHPh) (0-5 g.) in colourless laths, m. p. 207° 
(Found: C, 54-9; H, 4:0. C,,H,,ON,S, requires C, 55-3; H, 4-1%). 

5-A mino-2-mercapto-1-phenylglyoxaline-4-carboxyamide (XIII; R = SH).—5-Amino-2-anilinothi- 
azole-4-carboxyamide (5-0 g.), suspended in 10% sodium carbonate solution, was heated under reflux 
for 14 hours. The material dissolved completely within 30 minutes. The solution was cooled and 
made just acid to litmus by the addition of concentrated hydrochloric acid. The creamy yellow solid 
{4-5 g.) which separated was filtered off, washed with ether, and recrystallised from methanol to give 
colourless laths of the glyoxaline, m. p. 229° (decomp.) (Found: N, 24-1. C,gH,ON,S requires N, 
23-9%). This product, on diazotisation in dilute acid solution, followed by coupling with f-naphthol 
in alkali, gave a deep-red dye. 

The preceding compound (3-5 g.), dissolved in 10% sodium hydroxide solution (10 c.c.), was shaken 
for 5 minutes with an excess of methyl sulphate (3 c.c.), whereupon a colourless solid (3-3 g.) rapidly 
separated. This was filtered off, washed with water, dried at 80°, and recrystallised from benzene; 
5-amino-2-methylthio-1-phenylglyoxaline-4-carboxyamide (XIII; R = SMe) separated in laths, m. p. 154° 
ween C, 53-7; H, 4:7. C,,H,,ON,S requires C, 53-2; H, 49%). This product could also be 
diazotised. 

6-H ydroxy-8-methylthio-9-phenylpurine (XIV).—5-Amino-2-methylthio-1-phenylglyoxaline-4-carb- 
oxyamide was dissolved in a mixture of formic acid (3 c.c.; 98%) and acetic anhydride (3 c.c.). The 
solution was heated under reflux for 3 hours and then evaporated to dryness in vacuo. The residue was 
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dissolved in boiling methanol (ca. 15 c.c.): this solution was filtered, evaporated to a smaller bulk 
(ca. 10 c.c.), cooled, and diluted with ether (10 c.c.); colourless laths (0-1 g.) of the purine, 
m. p. 304—307°, separated when this solution was kept (Found: C, 55-4; H, 3-9; N, 21-9. C,,H,,ON,S 
requires C, 55-8; H, 4-0; N, 21-7%). 

5-N’-A cetylthioureido-2-methylthio-1-phenylglyoxaline-4-carboxyamide (XV).—5-Amino-2-methylthio- 
1-phenylglyoxaline-4-carboxyamide (3-3 g.), suspended in boiling ethyl acetate (100 c.c.), was heated 
under reflux with acetyl] isothiocyanate (2 c.c.) for 30 minutes. The glyoxaline dissolved within 
10 minutes, and shortly afterwards colourless crystals began to separate from the hot solution. The 
solution was cooled and the thioureido-derivative (3-7 g.) was filtered off and recrystallised from methanol 
in colourless plates, m. p. 204° (decomp.) (Found: N, 19-95. C,,H,,0O,N,S, requires N, 20-05%). A 
further crop (0-3 g.) of less pure material was obtained by evaporation of the filtrate. 

6-A mino-2 : 8-dimethylthio-9-phenylpurine (XV1; R = SMe).—5-N’-Acetylthioureido-2-methylthio- 
1-phenylglyoxaline-4-carboxyamide (1 g.), covered with phosphorus oxychloride (10 c.c.), was heated 
under reflux for 35 minutes with exclusion of moisture. A clear solution resulted after 10 minutes. 
The solution was evaporated to dryness, and the residual oil was treated at 0°, cautiously at first, with 
ice—water (10 c.c.). his solution was filtered from a little insoluble material and made slightly alkaline 
to litmus by treatment with 5% aqueous sodium hydroxide at 0° and then acidified with 10% hydro- 
chloric acid, to give a dichloro-derivative of 4-cyano-5-N’-acetylthioureido-2-methylthio-1-phenyl- 
glyoxaline (1 g.). This was filtered off and recrystallised from glacial acetic acid-ether several times, 
to give an almost colourless product, m. p. 232—233° (Found: N, 17-0. C,,H,,ON,CI1,S, requires 
N, 17-5%). This compound (1 g.) was dissolved in 10% aqueous sodium hydroxide (10 c.c.), and the 
solution was heated under reflux for 10 minutes and then cooled, filtered, and made just acid to litmus 
by the addition of 10% acetic acid. The colourless product which separated was purified by dissolution 
in 10% aqueous sodium hydroxide, followed by acidification as above, giving 6-amino-2-mercapto-8- 
methylthio-9-phenylpurine (XVI; R = SH) as laths (0-7 g.) which decomposed at 230—235° (Found : 
N, 24-0. C,,H,,N,S, requires N, 24-2%). 

The preceding purine (0-1 g.) in 10% sodium hydroxide (10 c.c.) was shaken with benzyl chloride 
(0-5 c.c.) for 15 minutes, whereupon colourless crystals (0-1 g.) of 6-amino-2-benzylthio-8-methylthio-9- 

henylpurine (XVI; R= S°CH,Ph) separated. These were collected, washed with 10% sodium 
ydroxide, water, and ether, and recrystallised from methanol in rods, m. p. 174° (Found: N, 18-5. 
C,,H,,N,S, requires N, 18-5%). 

5-Amino-2-mercapto-8-methylthio-9-phenylpurine (0-1 g.) in 10% sodium hydroxide (10 c.c.) was 
shaken with methyl] sulphate (0-5 c.c.) for 5 minutes, whereupon colourless crystals (0-1 g.) of 6-amino- 
2 : 8-dimethylthio-9-phenylpurine (XVI; R = SMe) separated. These were filtered off, washed with 
10% sédium hydroxide, water, and ether, and recrystallised from ethanol in needles, m. p. 228—229° 
(Found: C, 51-55; H, 4-5. C,3;H,,3N,S, requires C, 51-5; H, 43%). The picrate, prepared by the 
usual method, recrystallised from a large volume of methanol in yellow needles, m. p. 239—240° 
(decomp.) (Found: C, 42-9; H, 2-9. C, 9H,,0,N,S, requires C, 42-9; H, 3-0%). 
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of Scientific and Industrial Research for a grant to one of them (E. S.). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. Kensincton, Lonpon, S.W.7. [Received, August 3rd, 1949.) 





633. Studies in the Azole Series. Part XXIV. The Interaction 
of Carbonyl Compounds and 2-Thio-5-thiazolidone. 
By A. H. Coox and J. R.-A. PoLtock. 


The condensation of 2-thio-5-thiazolidone (III) with aldehydes or ketones leads to products 
such as (II; R, = <([CH,], which may be converted into e.g., (V; R = OH) and related 
compounds. More complex transformations of the condensation product with isatin are also 
discussed. 


TuE isolation of penicillamine (I; R = Me) and of l-amino-2-(1-mercapto-1l-cyclohexyl)acetic 
acid (I; R, = <(CH,],), respectively, in two steps from 2-thio-4-isopropylidene- (II; R = Me) 
and 2-thio-4-cyclohexylidene-5-thiazolidone (II; R, = <(CH,],) (Chatterjee, Cook, Heilbron, 
and Levy, J., 1948, 1337; Billimoria, Cook, and Heilbron, this vol., p. 1437) led us to investigate 
the condensation of 2-thio-5-thiazolidone (III), the precursor of (II), with other ketones. 


R,—CH—CO,H CR,! oO 
H ef , i 3 


(L.) (II.) 


The condensation of (III) with cyclopentanone, effected by dry hydrogen chloride, or, better, 
anhydrous zinc chloride, gave 2-thio-4-cyclopentylidene-5-thiazolidone (II; R = <([CH,],), 
which was characterised by its reductive degradation to a-aminocyclopentylacetic acid (a-cyclo- 
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pentylglycine) (IV). Reaction of (II; R = <[CH,],) with ethanolic sodium ethoxide gave 
ethyl 2-mercapto-5 : 5-tetramethylene-A*-thiazoline-4-carboxylate (V; R = OEt), and methanolic 
sodium methoxide afforded the corresponding methyl ester (_V; R = OMe), which on alkaline 
hydrolysis afforded the acid (V; R= OH). The acid resulted also, together with the methyl 
ester, from a similar rearrangement in methanolic sodium hydroxide. 

The methyl ester (V; R = OMe) was heated in concentrated hydrochloric acid at 100—130° 
for several hours in an attempt to effect fission to the amino-mercapto-acid (cf. Billimoria, Cook, 
and Heilbron, loc. cit.; Cook, Harris, and Heilbron, J., 1948, 1060; Gabriel and Posner, Ber,, 
1894, 21, 3509), but, although some of the desired compound was undoubtedly present in the 
reaction mixture, as shown by the deep purple colour given with ferric chloride, and the 
isolation, in small yield, of 2 : 2-dimethyl-5 : 5-tetramethylenethiazolidine-4-carboxylic acid hydro- 
chloride (V1) on treating the crude product with acetone, the main product had an empirical 
formula C,H,;NS,Cl, and was not identified. Decomposition of the thiazolidine (VI) in hot 


\ 

(Corgi-co Ce—gitcor ¢——CH:CO,H 

NH, N S NH,HCl 
\Z 


SH 
(IV.) (V.) (VI.) 


- 
CMe, 


dilute acid was shown qualitatively to yield the amino-mercapto-acid, but, as the preparation of 
the thiazolidine was erratic this did not provide a satisfactory route. 2-Mercapto-5 : 5-di- 
methyl-A?-thiazoline-4-carboxylic acid, which was comparable with (V; R = OH) and had been 
shown to be remarkably stable to acid, was readily degraded with aluminium and hydrochloric 
acid to penicillamine (Cook, Heilbron, and Shaw, CPS 311; ‘‘ The Chemistry of Penicillin,” 
Princeton Univ. Press, 1949, p. 458), and a similar reductive fission in the present case seemed 
feasible. Tin and hydrochloric acid appeared to be a more promising reducing agent, however, 
as the removal of the metal as the sulphide presented no difficulties, whereas the removal of the 
aluminium was associated with losses by adsorption, and by this means «-amino-a-(l-mercapto- 
cyclopentyl)acetic acid hydrochloride (VII) was obtained. On reaction with acetone, (VII) 
yielded the thiazolidine (VI) identical with the previous sample. 

The product obtained from the reaction of the acid (VII) with 2-benzyl-4-ethoxymethylene- 
5-oxazolone in the presence of pyridine and pyridine hydrochloride (cf. Carpenter, Stacey, 
Genghof, Livermore, and du Vigneaud, J. Biol. Chem., 1948, 176, 917) had antibiotic activity 
which, assayed against Staph. aureus by the cup-plate method, was equivalent to that of 0°6 
penicillin unit per mg. of (VII) and is probably due to a product of the type of a natural penicillin. 

The reaction of 2-thio-5-thiazolidone with isatin under dehydrating conditions gave a deeply 
coloured condensation product, 2-thio-4-3’-oxindolylidene-5-thiazolidone (VIII); reaction in 
glacial acetic acid gave an addition compound, formulated as 2-thio-4-(3’-hydroxy-3’-oxindolyl)-5- 
thiazolidone (IX) in view of its dehydration to (VIII) by anhydrous zinc chloride. 


>——CH—CO,H 
OE NH,,HCl 


(VII.) 


Zinc dust in glacial acetic acid (cf. Billimoria and Cook, loc. cit.) reduced (VIII) to the expected 
dihydro-compound, 2-thio-4-3’-oxindolyl-5-thiazolidone (X), whilst degradative reduction with 
hydriodic acid-red phosphorus produced 2-keto-1 : 2: 3: 4-tetrahydroquinoline-4-carboxylic 
acid (XI) which persisted as a monohydrate when dried at 40°/14 mm. for 1 hour. This com- 
pound (m. p. 217—218°) is evidently identical with the material (m. p. 218°) obtained from similar 
degradations of oxindolylidene-hydantoin and -diketopiperazine (Hill, Schultz, and Lindwall, 
J. Amer. Chem. Soc., 1930, 52, 769; Henze and Blair, ibid., 1933, 55, 4621; see also Aeschlimann, 
J., 1926, 2902); the last author observed the difficulty with which the molecule of water was 
removed, and suggested that although the hydrate behaves as a mono-basic acid it is, in fact, 
o-aminophenylsuccinic acid (XIa). 

The reactions of the oxindolylidenethiazolone (VIII) with alkalis were in some respects 
complex. Thus the compound dissolved in cold aqueous sodium hydroxide and was recovered 
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almost completely on acidification, whereas heating such a solution caused transformation to an 
orange, non-crystalline solid material, from which there could be extracted a small amount of a 


0.H 
( )-CH-CH,-CO,H 
LN, 


(XIa.) 


golden-yellow product, which, on the basis of rather poor analytical results and the absence of 
sulphur, was formulated as oxindole-3-glyoxylic acid (XII). Again, with ethanolic sodium 
ethoxide (VIII) gave an orange mass, from which there was isolated, in poor yield, a sulphur- 
containing compound which was apparently the expected rearrangement product, ethyl 
oxindole-3-spiro-5-(2-mercapto-A*-thiazoline-4-carboxylate) (XIII). 

These difficulties led us to attempt rearrangement of (VIII) with ammonia. In aqueous 
solution, reaction was rapid, the colour of the solution, initially deep-red, being soon discharged, 
with precipitation of a highly crystalline yellow material. This product was sparingly soluble 
in hot water (from which it recrystallised unchanged), contained no sulphur, and had an empirical 
formula C,)H,O,N;. A basic group was present, but a solution in acid could not be diazotised 
and was indeed unstable, depositing another crystalline yellow solid which had the empirical 
formula C,,H,O,N,, its formation corresponding to the hydrolytic loss of an amino-group. 


C-SH 


\ 

N 
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The formula C,,H,O,N; corresponds to the loss of carbon disulphide from, and addition of 
ammonia to, (VIII), and «-amino-a-3-oxindolylideneacetamide (XIV; R = NH,) thus appeared 
to be a possible structure. The deamination product was then regarded as the corresponding 
glyoxylamide (XIV; R= OH). These structures were confirmed when it was shown that a 
mixture of hot acetic and hydrochloric acid degraded the deamination product to oxindole. The 
literature revealed that this reaction was not so surprising as it first seemed, for certain azlactones 
react similarly with warm alkali, substituted 2-phenyl-4-o-nitrobenzylidene-5-oxazolones, for 
example, giving nitrotoluenes (Burton, J., 1935, 1265; Oliverio, Gazzetta, 1935, 65, 143), pre- 
sumably by way of the nitrophenylpyruvic acids (Burton and Stoves, J., 1937, 402). A still 
closer analogy is the formation of oxindole on alkaline hydrolysis of 4-3’-oxindolylidenehydantoin 
(XV) (Henze and Blair, loc. cit.). 


y, sosaiiigiecagie eee Sk Le ees 
OE ak fe a ee 


0 
(XV.) 


It was interesting to follow the reaction of (VIII) with other amines. Methylamine reacted 
smoothly in aqueous solution to give a compound similar to that obtained with ammonia, but 
analysis showed that it contained one methyl group more than was expected. The location 
of this methyl group on the labile amino-nitrogen atom followed from the elimination of methyl- 
amine on reaction with hydrochloric acid, so that the initial product was «-methylamino-«-3- 
oxindolylideneacetomethylamide (cf. XIV), and the substance obtained from it by acid was 
a-hydroxy-a-3-oxindolylideneacetomethylamide. The methylamino-compound was evidently 
formed by an exchange mechanism, which was further evidence for the aminomethylene type of 
structure (XIV; R= NH,). The methylamino-amide gave a diacetyl derivative, which was 
orange, in contrast to the colourless monoacetyl derivative of the unmethylated compound (XIV). 
Perhaps this is a result of the fixation of the oxindole portion of the molecule in the lactim form 
by acetylation which thus brings the double bonds of the molecule into conjugation. 

_ 0-Nitrobenzaldehyde condensed with 2-thio-5-thiazolidone, to give 2-thio-4-o-nitrobenzyl- 
idene-5-thiazolidone (XVI) in good yield, but the product obtained from (XVI) by alkali proved 
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intractable and its further investigation was abandoned. In the presence of anhydrous zinc 
chloride mesityl oxide and 2-thio-5-thiazolidone gave 2-thio-4-(4-methylpent-3-en-2-ylidene)-5- 
thiazolidone (XVI1; R = —CHCMe,). A similar condensation with ethyl acetoacetate gave 


(XVI) 


NO, HN . 
NS 


(XVII) 
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2-thio-4-(1’-carbethoxy-2’-propylidene)-5-thiazolidone (XVII; R = CH,°CO,Et); dissolution in 
cold alkali, followed by immediate acidification, gave an isomeride, so that these compounds are 
perhaps to be regarded as cis- and trans-forms respectively. 


EXPERIMENTAL, 


2-Thio-4-cyclopentylidene-5-thiazolidone (I1; R, = <(CH,],).—(a@) 2-Thio-5-thiazolidone (10 g.) was 
dissolved in dry cyclopentanone (50 c.c.), and a rapid stream of dry hydrogen chloride was passed in for 
7hours. The liquor was cooled to 0° for 1 hour, whereupon 2-thio-4-cyclopentylidene-5-thiazolidone (3 g.), 
m. p. 244—245° (decomp.), separated. This recrystallised from glacial acetic acid as short yellow needles, 
m. p. 245° (decomp.) (Found: C, 48-4; H, 4-5; N, 7-3. C,H,ONS, requires C, 48-2; H, 4-5; N, 7-3%),. 
(b) 2-Thio-5-thiazolidone (25 g.) and cyclopentanone (50 c.c.) were dissolved in ethyl acetate (250 c.c.). 
Anhydrous zinc chloride (25 g.) was added, and the mixture was heated under reflux for 5 hours. The 
bright-green liquor was decanted hot from a gummy residue and kept at 0° while the product separated 
as yellowish-green needles. Washing with glacial acetic acid and water, digestion with warm 2N-hydro- 
chloric acid for 20 minutes, washing with water, and drying gave pure (II; R = <(CH,],) (10-5 g., 28%, 
based on 2-thio-5-thiazolidone), m. p. 244—245° comps gr 

1-Aminocyclopentylacetic Acid (IV).—A mixture of the foregoing product (1 g.), red phosphorus 
(1 g.), hydriodic acid (5 c.c.), and glacial acetic acid (10 c.c.) was heated under reflux for 4 hours. After 
cooling, excess of phosphorus was filtered off, and the residue was evaporated toa gum. This was taken 
up in water (5 c.c.), and the solution treated with pyridine, whereupon the amino-acid (0-4 g.) separated. 
It had no m. p., darkening somewhat at 265° and volatilising above that temperature. Recrystallised 
from water, it formed colourless hexagonal tablets which sublimed slowly above 250° (Found : C, 59-0; 
H, 9-2; N, 9-6. C,H,,;0,N requires C, 58-8; H, 9-2; N, 9-8%). The compound gave a purple colour 
with ninhydrin reagent. 

Rearrangement of (Il; R = <(CHg,],) with Sodium Ethoxide and Sodium Methoxide.—The thiocyclo- 
pentylidenethiazolidone (5 g.) was dissolved in a hot solution of sodium (1-5 g.) in ethanol (25 c.c.). 
After 1 hour, the solution was poured into ice-cold dilute hydrochloric acid and stirred until the precipitated 
oil solidified. Recrystallisation from aqueous acetone gave ethyl 2-mercapto-5 : 5-tetramethylene-A*- 
thiazoline-4-carboxylate (V; R = OEt) as pale yellow needles having m. p. 90° (3-5 g., 60%). Further 
recrystallisation in the same way gave colourless needles, m. p. 92° (Found: C, 48-5; H, 6-0; N, 5-8, 
C,9H,,0,NS, requires C, 48-9; H,6-2; N,5-7%). The thiocyclopentylidenethiazolidone (15 g.), dissolved 
in a hot solution of sodium (3-5 g.) in methanol (30 c.c.) and worked up in the same way, gave the methyl 
ester (14 g., 80%) as colourless needles, m. p. 133° (Found: C, 46-8; H, 5-8; N, 6-2. C,H,,0,NS, 
requires C, 46-8; H, 5-7; N, 6-1%). 

The foregoing ethyl ester (1 g.) was dissolved in 10% aqueous sodium hydroxide (5 c.c.), and the 
solution heated under reflux for] hour. Acidification of the cooled solution with hydrochloric acid gave 
a white solid, which recrystallised from water as large tabular crystals which crumbled at 105° and melted 
at 160—163°. Dried at 50° (14 mm.), the hydrate effloresced, and 2-mercapto-5 : 5-tetramethylene-A*- 
thiazoline-4-carboxylic acid (V; R = OH) had m. p. 168° (Found: C, 43-9; H, 5-2; N, 6-3. C,H,,0,NS, 
requires C, 44-3; H, 5-1; N, 6-5%). 

The thiocyclopentylidenethiazolidone (3 g.) was dissolved in a hot solution of sodium hydroxide 
(1-1 g.) in methanol (20c.c.). After 1 hour, the solution was stirred into dilute hydrochloric acid, and, when 
the gummy precipitate had separated, the aqueous layer was decanted. The residue was extracted with 
aqueous sodium hydrogen carbonate. The insoluble residue, on recrystallisation from aqueous acetone, 
afforded the methyl ester (V; R = OMe) (0-5 g.), m. p. 90—92°. Acidification of the sodium hydrogen 
carbonate extract yielded the acid (V; R = OH) which, recrystallised from water and dried in vacuo, 
had m. p. and mixed m. p. 168°. 

Acid Hydrolysis of the Methyl Ester (V; R = OMe).—The ester (2 g.) was sealed in a glass tube with 
concentrated hydrochloric acid (10 c.c.) and heated at 130° for 24 hours. The evil-smelling liquor was 
evaporated to give a brown gum, which was dissolved in methanol (3 c.c.). This solution, which with 
aqueous sodium hydrogen carbonate and ferric chloride gave a purple colour, was diluted with ether, 
decanted from the gum which separated, and kept at 0° for 3 hours. The supernatant liquid (which still 
gave a purple colour with ferric chloride) was decanted from a sticky semicrystalline residue and evaporated 
to give a small quantity of gum which did not crystallise. Fractionation of the residue above from 
methanol—ether gave a compound (0-2 g.) as rosettes of colourless needles, m. p. 154—155° (decomp.) 
(Found : C, 40-5; H, 5-5; N, 5-2; S, 23-4; Cl, 27-0. C,H,,NS,Cl, requires C, 39-7; H, 5-6; N, 5-2; S, 
23-5; Cl, 26-1%). In other experiments on the same scale the liquor from the reaction was evaporated 
to a brown gum which was heated in boiling acetone (10 c.c.) and methanolic hydrogen chloride (2 c.c.) 
for 0-5 hour. The colourless crystals of 2: 2-dimethyl-5 : 5-tetramethylenethiazolidine-4-carboxylic acid 
, eager’ (VI) (0-06 g.) which separated were recrystallised from glacial acetic acid—light petroleum 
(b. p. 40—60°) as plates, m. p. 204° (decomp.) (Found: C, 47-5; H, 6-8; N, 5-2. C,)H,,0O,NS,HCl 
requires C, 48-2; H, 7-2; N, 5-6%). The compound gave no colour with ferric chloride until after 
boiling for a few minutes with dilute hydrochloric acid, which regenerated the amino-mercapto-acid. 
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a-Amino-a-(l-mercapto-1-cyclopentyl)acetic Acid Hydrochloride (VII).—The methyl ester (V; 
R = OMe) (1-5 g.) was suspended in concentrated hydrochloric acid (6 c.c.). Granulated tin (1-5 yg.) was 
added and, when the reaction had moderated, the reaction mixture was boiled under reflux for 4 hours. 
The clear solution was diluted to 100 c.c. with water. A resulting curdy white precipitate was well 
stirred, and the liquid saturated with hydrogen sulphide. Stannous sulphide was filtered off, and the 
filtrate was evaporated to dryness in vacuo. The pale yellow solid remaining was dissolved in methanol, 
whereafter addition of ether precipitated the amino-mercapto-acid hydrochloride (VII) (0-5 g., 40%) as 

inted plates, m. p. 199—200° (frothing) (Found: N, 6-7; S, 14-7; Cl, 16-4. C,H,,0,NS,HC]I requires 

, 67; S, 15-1; Cl, 16-8%). The compound gave an intense purple colour with ferric chloride in 
neutral solution, and a rose one with ninhydrin reagent. With acetone it yielded the thiazolidine (VI), 
m. p. and mixed m. p. 204°. 

Condensation of the Amino-mercapto-acid with 2-Benzyl-4-ethoxymethylene-5-oxazolone.—The amino- 
mercapto-acid hydrochloride (10-6 mg.), the oxazolone (21-2 mg.), and pyridine (2-5 c.c.) were heated on 
the steam-bath for 0-5 hour. Pyridine hydrochloride (0-6 mg.) was added, and the solution was heated 
in a tightly stoppered flask for 15 minutes at 110—115° (bath temperature). After chilling in ice-water, 
the contents were evaporated in vacuo at room temperature, to leave a brown gum which was dissolved in 
acetone (2c.c.). 5% Phosphate buffer at pH 7 (5 c.c.) was added, and the solution was made up to 11 c.c. 
with distilled water and submitted to microbiological assay against Staph. aureus for penicillin-type 
activity (cf. p. 3008). Blank solutions prepared from the reactants and solvents were devoid of activity. 

Reactions between Isatin and 2-Thio-5-thiazolidone.—(a) Isatin (7 g.), 2-thio-5-thiazolidone (6 g.), and 
anhydrous zinc chloride (10 g.) were heated under reflux with ethyl acetate (200 c.c.) for 0-5 hour. The 
liquor was cooled for 2 hours, and the purple solid was filtered off, washed with glacial acetic acid and 
water, digested for 15 minutes with warm 2n-hydrochloric acid (200 c.c.), washed with water, and dried 
(9 g., 75%). The product had m. p. 300°; for analysis 2-thio-4-3’-oxindolylidene-5-thiazolidone (VIII) 
was recrystallised as purplish-red needles, m. p. 307° (decomp.) (Found: C, 50-5; H, 2-4; N, 10-2. 
C,,H,O,N,S, requires C, 50-4; H, 2-3; N,10-7%). (6) Isatin (7 g.) and 2-thio-5-thiazolidone (6 g.) were 
dissolved in warm glacial acetic acid (30 c.c.), and the solution was brought to the boil and set aside for 
4 hours, the separation of long discoloured needles of the compound (IX) being then complete. The 
product was obtained, after repeated recrystallisation from glacial acetic acid, as nearly colourless needles, 
decomp. >60° (Found: C, 47-3; H, 3-0; N, 9-6. C,,H,O,N,S, requires C, 47-1; H, 2-9; N, 10-0%). 
The compound (1 g.), in refluxing ethyl acetate (15 c.c.), was treated with anhydrous zinc chloride (1 g.) 
(the colour of the solution deepened), and after 1 hour the solution was decanted from undissolved zinc 
salt and cooled, whereupon (VIII; 0-4 g.), m. p. and mixed m. p. 305—307° (decomp.), separated. 

2-Thio-4-3’-oxindolyl-5-thiazolidone (X).—The oxindolylidenethiazolidone (2 g.) was heated under 
reflux with glacial acetic acid (75 c.c.) containing zinc dust (2 g.) for 10 minutes. Excess of zinc was 
removed. The filtrate deposited colourless needles, m. p. 242° (decomp.). The product could not be 
recrystallised, but a sample of 2-thio-4-3’-oxindolyl-5-thiazolidone which crystallised from the reaction 
mixture was washed with glacial acetic acid, concentrated hydrochloric acid, and glacial acetic acid, and 


then had m. p. 242° (decomp.) (Found : C, 49-9; H, 3-4. C,,H,O,N,S, ee C, 50-0; H,.3-1%). 
in 


Reductive Degradation of the Oxindolylidenethiazolidone.—The oxindolylidenethiazolidone (3 g.), 
hydriodic acid (20 c.c.), glacial acetic acid (10 c.c.), and red phosphorus (2 g.) were heated under reflux 
for 2 hours. Excess of phosphorus was removed and the filtrate evaporated to a black residue. 
Recrystallisation from water (charcoal) gave glistening long colourless needles (0-5 g.), of 2-keto- 
1: 2:3: 4-tetrahydroquinoline-4-carboxylic acid monohydrate (XI), m. p. 216° (Found: C, 57-5; H, 
5-3. Calc. for C,jH,O,;N,H,O: C, 57-4; H, 5-3%). Hill, Schultz, and Lindwall (J. Amer. Chem. Soc., 
1930, 52, 769) give m. p. 216°. 

Reaction of (VIII) with Sodium Hydroxide.—The oxindolylidenethiazolidone (3 g.) was dissolved in 
2n-sodium hydroxide (20 c.c.) and heated on the steam-bath for 15 minutes. The solution was stirred 
slowly into iced 2N-hydrochloric acid (50 c.c.), and the orange solid, m. p. 130—150°, was filtered off. 
The material was extracted with aqueous sodium hydrogen carbonate, and a small quantity of insoluble 
residue filtered off. The extract was acidified with hydrochloric acid, and the yellow precipitate (1-5 g.), 
m. p. 130—160°, was collected, washed with water, dried, and extracted with boiling glacial acetic acid 
(7-5 c.c.) to yield a yellow solution, which on cooling, deposited magnificent golden plates of oxindole-3- 
glycxylic acid (XII), m. p. 260—263° (decomp.) (Found: C, 57-6; H, 3-5; N, 6-2. C,H,O,N requires 
C, 58-5; H, 3-4; N, 6-75%). The material gave an olive-green colour with ferric chloride. 

Reaction of (VIII) with Sodium Ethoxide.—The oxindolylidenethiazolidone (5 g.) was dissolved in a 
hot solution of sodium (0-5 g.) in ethanol (25 c,c.), and the solution heated under reflux for 1 hour. It 
was cooled and poured rapidly into cold 1 : 1 aqueous hydrochloric acid (25 c.c.). The recovered starting 
material (3 g.) was immediately filtered off, and the orange filtrate, on dilution with water, gave a yellow 
precipitate, which was filtered off after being kept for 24 hours at 0°. One recrystallisation from aqueous 
acetone yielded yellow crystals (1-1 g.), m. p. 200—208° (decomp.), and further recrystallisation gave 
colourless plates of ethyl oxindole-3-spiro-5-(2-mercapto-A*-thiazoline-4-carboxylate) (XIII), which became 
deep red at 208° and had m. p. 217° (decomp.) (Found: C, 50-4; H, 3-9. C,;H,,0,N,S, requires C, 
50-7; H, 3-8%). 

Reaction of (VIII) with Ammonia.—The oxindolylidenethiazolidone (2 g.) was dissolved in concen- 
trated aqueous ammonia (d 0-880; 10 c.c.), and the red solution was warmed for 10 minutes, whereupon 
the colour became yellow and a-amino-a-3-oxindolylideneacetamide (XIV; R = NH,) (1-3 g.), m. p: 
242—245°, separated. It recrystallised from much water as sparkling yellow plates, m. p. 245° (Found : 
C, 59:0; H, 4:1; N, 20-4. C,,H,O,N, requires C, 59-1; H, 4-5; N, 20-7%), giving an olive-green colour 
with ferric chloride. Acetylation in the usual manner gave the monoacetyl derivative which separated 
from a little methanol in colourless needles, m. p. 128° (decomp.) (Found: C, 58-8; H,5-0. C,,H,,O,N, 
requires C, 58-8; H, 4-9%). 

Deamination of (XIV; R = NH,).—The amine (2 g.) was dissolved in warm concentrated hydrochloric 
acid (10 c.c.), and the solution diluted with water (20 c.c.) and heated on the steam-bath for 0-5 hour. 
The yellow product (1-8 g.), m. p. 250°, recrystallised from glacial acetic acid as microscopic yellow plates, 
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m. p. 245° (decomp.) (Found : C, 58-5; H,3-9; N, 14-0. C,,.H,O;N, requires C, 58-8; H,4-1; N, 13-7%) 
which gave an olive-gree colour with ferric chloride. = 

Degradation of (XIV).—The amine (2 g.) was dissolved in a hot mixture of acetic acid (20 c.c.) and 
concentrated hydrochloric acid (20 c.c.). After a few minutes, the deamination product separated. The 
mixture was heated under reflux for 18 hours and evaporated to dryness in vacuo. Extraction with water 
left oxindole as a crystalline red solid, which recrystallised from benzene-light petroleum (b. p. 69— 
80°) as colourless needles (0-5 g.), m. p. 128° (Found : C, 72-4; H, 5-4. Calc. for E1,0N : C, 72-2; H 
5-4%). Henze and Blair (J. Amer. Chem. Soc., 1935, 55, 4621) give m. p. 128°. : 

Reaction of (VIII) with Methylamine.—The oxindolylidenethiazolidone (2 g.) was warmed with 40% 
aqueous methylamine (10 c.c.) for 1 hour, the colour rapidly fading. After 1 hour at room temperature, 
the product (1-4 g.); m. p. 250—255° (decomp.), was filtered off and recrystallised from water ; a-methyl- 
amino-a-3-oxindolylideneacetomethylamide separated as very pale yellow rhombohedra, m. p. 258—260° 
(decomp.) (Found: C, 62:3; H, 5-9; N, 18-7. C,,H,s0,N, requires C, 62:3; H, 5-7; N, 18-2%), 
Acetylation in the usual way gave the diacetyl derivative, which recrystallised from a little methanol as 
long orange needles, m. a 169—170° (decomp.) (Found: C, 61-0; H, 5-7; N, 13-2. C,.H,,0,N, 
requires C, 61-0; H, 5-4; N, 13-3%). The free amine (2 g.) was dissolved in warm concentrated hydro- 
chloric acid (10 c.c.), and the solution diluted to 30 c.c. with water and warmed for 0-5 hour, after which 
the product (1-7 g.), m. p. 260—-262° (decomp.), was filtered off. a-Hydvoxy-a-3-oxindolylideneaceto- 
methylamide recrystallised from glacial acetic acid in glistening yellow plates, m. p. 263° (decomp.} 
(Found : C, 60-4; H, 4-7; N, 12-4. C,,H,O3;N, requires C, 60-5; H, 5-0; N, 12-8%). 

2-Thio-4-0-nitrobenzylidene-5-thiazolidone.—o-Nitrobenzaldehyde (4 g.) and 2-thio-5-thiazolidone 
(3-2 g.) were dissolved in boiling glacial acetic acid (75 c.c.), and morpholine (7 drops) was added. After 
2 hours the product was filtered off, washed with water, and dried (5 g., 75%). Recrystallised from 
glacial acetic acid as orange small needles, 2-thio-4-0-nitrobenzylidene-5-thiazolidone had m. p. 213° 
(decomp.) (Found: C, 45-6; H, 1-9; N, 10-2; S, 242. C,H,O,N,S, requires C, 45-1; H, 2:3; N, 
10-5; S, 24-1%). The compound dissolved in alkali to give a brilliant red solution. Acidification gave 
an orange amorphous material, m. p. 150—230°, which could not be purified. 

Condensation of Mesityl Oxide with 2-Thio-5-thiazolidone.—Mesity] oxide (5 g.), 2-thio-5-thiazolidone 
(6-6 g.), and anhydrous zinc chloride (7 g.) were heated in refluxing ethyl acetate (25 c.c.) for 3 hours, 
The solution was decanted from gummy material, and the solvent was removed in vacuo, leaving a dark 
green oil. It was dissolved in acetone (10 c.c.) and diluted with an equal volume of water, whereupon 
dark plates, m. p. 110°, separated. MRecrystallisation several times from acetone—water gave bright- 
yellow rhombic plates (1 g.) of 2-thio-4-(4’-methylpent-3’-en-2’-ylidene)-5-thiazolidone monohydrate, m. p. 
133° (Found: C, 46-6; H, 5-9; N, 6-1. C,H,,O,NS,,H,O requires C, 46-7; H, 5-7; N, 6-1%). 

Condensation of Ethyl Acetoacetate with 2-Thio-5-thiazolidone.—Ethyl acetoacetate (4 g.), 2-thio-5- 
thiazolidone (4 g.), and anhydrous zinc chloride (5 g.) were heated under reflux with ethyl acetate for 
2hours. Removal of solvent left a black oil, one-half of which was stirred with cold 10% aqueous sodium 
hydroxide (10 c.c.), and the red solution was filtered into dilute hydrochloric acid. The yellowish- 
brown product (XVII; R = CH,°CO,Et) (0-8 g.), m. p. 100—102°, was filtered off and recrystallised from 
much hot water as small yellowish-pink needles, m. p. 114° (Found: C, 43-7; H, 4-8. C,H,,0,NS, 
requires C, 44-0; H, 4:5%). The remainder of the black oil was dissolved in hot glacial acetic acid, 
filtered, and diluted with water. Pale yellow crystals (0-5 g.) separated. This isomeride recrystallised 
from hot water as yellow plates, m. p. 98° (Found: C, 43-6; H, 4-7%). Mixtures of these materials 
melted between 96° and 104°. 
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634. Hydroxy-quinoxalines and -phenazines, and Experiments on the 
Preparation of Hydroxyquinoxaline Di-N-oxides. 
By F. E. Kine, N. G. Crark, and P. M. H. Davis. 


By demethylation of their methyl ethers with aluminium chloride, the six possible Bz-hydroxy- 
and -dihydroxy-quinoxalines have been prepared, and from the 6-hydroxy-, 6-methoxy-, and 
6 : 7-dimethoxy-compounds di-N-oxides have been obtained. Condensation of the dimethoxy- 
o-diamines synthesised in the course of this work with cyclohexane-1 : 2-dione has given 1 : 2-, 
1: 3-, and 1 : 4-dimethoxy-5 : 6: 7 : 8-tetrahydrophenazines, of which the 1 : 4-isomer has been 
converted by dehydrogenation and hydrolysis into 1 : 4-dihydroxyphenazine, not identical with 
the phenazine obtained by the reduction of iodinin. 


IopInin, the purple-coloured metabolite of Chromobacterium iodinum, has been shown by 
Clemo and MclIlwain (J., 1938, 479) to be a dihydroxyphenazine di-N-oxide—from recent 
studies, either the 1: 5- or the 1: 8-dihydroxy-compound (Clemo and Daglish, Nature, 1948, 
162, 776). The pigment possesses antibiotic activity, a property shared to some extent by 
phenazine di-N-oxide, though not by phenazine (McIlwain, J., 1943, 322; see also Biochem. J., 
1943, 37, 265). Similarly the di-N-oxides of quinoxaline and of 2-methyl- and 2-methyl-3-n- 
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amyl-quinoxaline inhibit certain pathogenic bacteria (McIlwain, Joc. cit.), and it was therefore 
of interest to synthesise hydroxyquinoxaline N-oxides in order to evaluate their bacteriostatic 
roperties. 
’ No hydroxyquinoxaline dioxides are mentioned in the literature, and only two Bz-hydroxy- 
quinoxalines have been described. These are 6-hydroxy- and 6 : 7-dihydroxy-quinoxaline, 
synthesised from the requisite hydroxy-o-diamines and glyoxal (Hinsberg and Autenrieth, 
Ber., 1892, 25, 494; Ehrlich and Bogert, J. Org. Chem., 1947, 12,522). By use of the appropriate 
methoxy-o-diamines, 5-methoxy-, 6-methoxy- (Korner, Ber., 1884, 17, Ref. 573), 5 : 6-dimethoxy-, 
5 : 7-dimethoxy-, 5 : 8-dimethoxy-, and 6 : 7-dimethoxy-quinoxalines (Ehrlich and Bogert, loc. cit.) 
have been prepared, and by demethylation with aluminium chloride in boiling benzene, all six 
possible Bz-mono- and Bz-di-hydroxyquinoxalines have now been obtained. The hydroxy com- 
pounds give unsatisfactory analytical results and cannot readily be identified owing to their 
indefinite melting points; they are best characterised as acetyl derivatives. Certain of the 
diacetoxyquinoxalines have similar melting points, but the parent hydroxy-compounds can 
be distinguished by their acid, alkali, and ferric chloride colour reactions which are tabulated 
in the experimental section. 

By the action of hydrogen peroxide in acetic acid solution di-N-oxides of 6-methoxy- 
(I; R = Me), 6: 7-dimethoxy- (II) and 6-hydroxy-quinoxaline (I; R = H) were obtained, 
but 6: 7-dihydroxyquinoxaline could not be converted into an oxide owing to its sparing 
solubility in organic solvents. The three other dihydroxyquinoxalines were extensively 
decomposed on attempted oxidation with hydrogen peroxide, even under comparatively mild 
conditions. 
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The strycture of iodinin was, at the inception of these experiments on quinoxalines (see 
P. M. H. Davis, B.A. [Part II] Thesis, Oxford, June 1948), regarded as (III), the oxidation of 
the derived dihydroxyphenazine apparently indicating the attachment of both hydroxyls to 
the same benzene ring. Of the four alternatives, the 1 : 2-isomer was preferred on the evidence 
afforded by absorption spectra, etc. (Clemo and MclIlwain, loc. cit.), and the opportunity was 
therefore taken to attempt a direct proof of the chosen structure by utilising the intermediate 
dimethoxy-o-phenylenediamines for the synthesis, through the tetrahydro-derivatives, of the 
relevant dihydroxyphenazines (Clemo and MclIlwain, J., 1934, 1991). 

The condensation of 3: 4-diaminoveratrole with cyclohexane-1:2-dione gave 1 : 2-di- 
methoxy-5 : 6: 7: 8-tetrahydrophenazine, since reported by Clemo and Daglish (Nature, 1947, 
160, 752), which was characterised by a picrate. At this phase of the investigation a 
communication came to our notice (Hegediis, Festschrift fir E. Barrell, Basel, 1946, 388; Chem. 
Abstr., 1947, 41, 6262) describing the synthesis of 1 : 2-dihydroxyphenazine and its diacetyl 
compound which are shown not to be identical with the corresponding derivatives of iodinin. 
Experiments on the 1 : 2-dihydroxyphenazine were therefore discontinued in favour of the 
unknown other isomers. 

Reduction of 2: 3-dinitroquinol dimethyl ether and condensation of the product 
with cyclohexane-1:2-dione gave 1: 4-dimethoxy-5: 6:7: 8-tetrahydrophenazine, easily 
dehydrogenated at 200° over palladised charcoal to give a good yield of 1 : 4-dimethoxy- 
phenazine (IV; R= Me) (Slack and Slack, Nature, 1947, 160, 437). Demethylation was 
smoothly effected with aluminium chloride in refluxing benzene to give 1 : 4-dihydroxyphenazine 
(IV; R =H), which from its red colour and melting point of 230° (diacetate, m. p. 194°) was 
obviously not the dihydroxyphenazine (yellow prisms, m. p. 273—274°; diacetate, m. p. 234°) 
obtained from iodinin. 

Attempts were then made to synthesise the 1 : 3-isomer from 4 : 5-diaminoresorcinol dimethyl 
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ether, but the 1: 3-dimethoxy-5: 6:17: 8-tetrahydrophenazine was extremely resistant to 
dehydrogenation (see Experimental section). 2: 3-Dimethoxy-5 : 6: 7 : 8-tetrahydrophenazine 
was also prepared, and when oxidised with hydrogen peroxide gave a di-N-oxide, but difficulties 
in the aromatisation of the tetrahydrophenazine prevented the synthesis of the 2 : 3-dihydroxy- 
phenazine. 

An alternative route to tetrahydrophenazines was devised by extending Crippa’s synthesis 
(Gazzetta, 1929, 59, 330) of quinoxalines from o-aminoazobenzenes and ketomethylene compounds 
to 2-(toluene-p-azo)-p-toluidine (V; Ar = ~-C,H,Me) and cyclohexanone, 2-methyl-5 : 6: 7: 8- 
tetvahydrophenazine (V1) being obtained. The condensation of (V; Ar = p-C,H,Me) with 
phloroglucinol, which might have afforded a direct synthesis of a 1: 3-dihydroxyphenazine, 
could not, however, be accomplished. 


EXPERIMENTAL. 


6 : 7-Diacetoxyqui —A solution of 6: 7-dimethoxyquinoxaline (1 g.) (Ehrlich and Bogert, 
loc. cit.) in dry benzene (20 c.c.) was heated under reflux for 15 hours with finely powdered, anhydrous 
aluminium chloride (3 g.). After cooling, the supernatant liquid was decanted and the tarry residue 
treated with crushed ice to yield 6 : 7-dihydroxyquinoxaline which, when collected, washed and dried, 
was obtained as a fine orange powder (0-7 g., 82%), m. p. ca. 260° (decomp.). A portion (0-5 g.) was 
heated under reflux for 1 hour with pyridine (10 c.c.) and acetic anhydride (1 c.c.), and the dark product 
distilled under reduced pressure; 6 : 7-diacetoxyquinoxaline was obtained as a light-yellow oil solidifying 
to buff-coloured needles (0-6 g., 79%), m. p. 112° (Found: C, 58-3; H, 4-2; N, 10-8. C,,H,,O,N, 
requires C, 58-5; H, 4-1; N, 11-4%). 

6-A cetoxyquinoxaline.—6-Methoxyquinoxaline (3 g.) (K6rner, Joc. cit.) was demethylated as above 
and the aluminium complex decomposed with warm dilute hydrochloric acid. After neutralisation 
of the solution with solid sodium hydrogen carbonate and extraction with ether, 6-hydroxyquinoxaline 
was obtained by sublimation at low pressure as a white crystalline powder (1 g., 37%), m. p. 242° 
(decomp.). Hinsberg and Autenrieth (loc. cit.) give m. p. 245° (decomp.). The acetate distilled under 
reduced pressure as a pale yellow liquid setting to colourless needles, m. p. 80—81° (Found: C, 63-6; 
H, 4:2; N, 14:9. C,.H,O,N, requires C, 63-8; H, 4-3; N, 14-9%). 

5: } Dinstastpeleteelins —yeinel dimethyl ether (20 g.) in glacial acetic acid (50 c.c.) was treated 











with concentrated nitric acid (25 c.c.; d 1-42), and after the vigorous reaction had subsided a further 
25 c.c. of nitric acid were added. The mixture was then heated for 5 minutes at 70—80°, and the yellow 
crystalline solid (26 g., 80%), m. p. 156—160°, obtained on cooling and dilution with water (500 c.c.) 


was collected and thoroughly washed with water. The product, a mixture of 2: 3- and 2: 5-dinitro- 
quinol dimethyl ether, could not be separated by fractional crystallisation from ethyl acetate (cf. Nietzki 
and Rechberg, Ber., 1890, 28, 1216) or by any other convenient method. The mixed dinitro-compounds 
(10 g.) dissolved in methanol (60 c.c.) were accordingly reduced with Raney nickel and hydrogen at 
2—3 atmospheres. The filtered liquid was rapidly added to an aqueous solution of glyoxal sodium 
bisulphite (7 g. in 50 c.c.) and after the addition of concentrated hydrochloric acid (3 drops) was heated 
under reflux for 2 hours. Evaporation of the methanol and cooling gave a grey crystalline solid, 
darkening in air, which was presumably 2: 5-diaminoquinol dimethyl ether and was discarded. The 
filtrate was evaporated to dryness, and the residue extracted with hot ethanol (50 c.c.) which was then 
evaporated. The solid remaining was dissolved in dilute sulphuric acid (20 c.c. of concentrated acid in 
40 c.c. of water), cooled to 5°, and treated with aqueous sodium nitrite (5 g. in 15 c.c.) to remove the 
remaining diamine. The excess of nitrous acid was destroyed by the addition of urea (5 g.), and the 
solution poured into boiling sulphuric acid (10 c.c. of concentrated acid in 20 c.c. of water). The cooled 
mixture was filtered from tarry material and treated with charcoal, the resulting red solution basified, 
and 5 : 8-dimethoxyquinoxaline (1 g., 12%) isolated with ether. Distillation under reduced pressure 
yielded a deep-yellow oil setting to yellow needles, m. p. 146° (Found: C, 63-3; H, 5-2; N, 14-7. 
CH »O,N, requires C, 63-1; H, 5-3; N, 147%). 

5 : 8-Diacetoxyqui line.—5 : 8-Dimethoxyquinoxaline (0-5 g.) was heated under reflux for 
16 hours with anhydrous aluminium chloride (1-5 g.) in dry benzene (20 c.c.), the benzene decanted, 
and the solid product dissolved in warm dilute hydrochloric acid. Solid sodium hydrogen carbonate 
was added until the solution became cloudy, the liquid cleared with a few drops of acid, and excess of 
saturated copper sulphate solution added. The precipitated copper complex was collected, washed, 
and decomposed by passing hydrogen sulphide into an aqueous suspension of it. After removal of 
copper sulphide the product was isolated from the filtrate with ether. A considerable quantity of the 
dihydroxyquinoxaline adsorbed on the copper sulphide was removed from the dried precipitate by 
sublimation at low pressure. The product then obtained was a crystalline orange power (0-25 g., 60%), 
darkening rapidly at 200° and melting indistinctly at ca. 230°. The diacetate distilled at reduced 
pressure as a white crystalline solid, m. p. 209° (Found: C, 58-5; H, 4-0; N, 11-3. CygH ON, 
requires C, 58-5; H, 4-1; N, 11-4%). 

5-Methoxyquinoxaline.—2 : 3-Dinitroanisole (2-5 g.) (Holleman, Rec. Trav. chim., 1903, 22, 271) in 
ethanol (20 c.c.) was reduced over Raney nickel, and the diamine solution heated under reflux for 2 hours 
with aqueous glyoxal sodium bisulphite (5 g. in 30 c.c.) and concentrated hydrochloric acid (3 drops). 
After evaporation of the ethanol, the solution was basified and the base (1-2 g., 59%) isolated with 
ether. DistiJlation under reduced pressure yielded the quinoxaline as a pale yellow solid, m. p. 72—73° 
(Found: C, 68-2; H, 5-0; N, 17-0. C,H,ON, requires C, 67-5; H, 5-0; N, 17-65%). 

¢- Aistonyquinendiine,-6-Methoxyduinonatine Ye-4 g.) was demethylated by aluminium chloride 
(1 g.) in refluxing benzene (15 c.c.) (16 hours), and the hydroxyquinoxaline isolated through the copper 
complex; sublimation at low pressure yielded a yellow crystalline powder (0-11 g., 30%), m. p. 100—101°. 
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The acetate was obtained after distillation as a white, glossy solid, m. p. 103—104° (Found: C, 63-9; 
H, 4-4; N, 15-3. C,H,O,N, requires C, 63-8; H, 4-3; N, 149%). 

5: 6-Dimethoxy anoxaline.—3 : 4-Dinitroveratrole (5 g.) (Pollecoff and Robinson, J., 1918, 118, 
650) was catalytically reduced in methanol (30 c.c.) to the diamine and condensed with aqueous glyoxal 
sodium bisulphite (6-5 g. in 50 c.c.), to yield 5 : 6-dimethoxyquinoxaline as a pale yellow oil setting toa 
yellow — 1 53: 1- Be g-, Pera m. p. 69—70° (Found: C, 62-9; H, 5-3; N, 14:3. CyH,,O,N, 

Cc, ; H, 5- 


4 Ie. 





: ors 6-Dihydroxyquinoxaline was obtained by demethylation of the 
dimethoxyquinoxaline (1 g.) with aluminium chloride (2 g.) in boiling benzene (25 c.c.) and isolation 
through the copper complex, and sublimation at low pressure yielded a yellow crystalline powder (0-2 F * 
26%), m. p. ca. 190° (decomp.). The diacetate formed white needles, m. p. 112° (Found: C, 58: 

H, 4:4; N, 11-6. CigH O,Ny me 58-5; H, 4-1; N, 11-4%). 

5: 7-Dimeth : §-Dinitroresorcinol dimethyl ether (3-7 g.) (Blanksma, Rec. Trav. 
chim., 1908, 27, 254) in coer (30 c.c.) was catalytically reduced and the resulting diamine solution 
heated for 2 hours under reflux with glyoxal sodium bisulphite (6 g.) in water (50 c.c.) containing 
concentrated hydrochloric acid (1 c.c.); the qguinoxaline was initially isolated, by evaporation to small 
bulk, as highly hydrated light-brown crystals, but on distillation under reduced pressure it was obtained 
as colourless needles (2-1 g-, 68%), m. p. 110° (Found: C, 63-5; H, 5-4; N, 14-5%). 

5 : 7-Diacet .—5 : 7-Dimethoxyquinoxaline (0-5 g.) was demethylated by heating it 
in benzene (20 c. :.c.) with aluminium chloride (1-5 g.) under reflux for 15 hours, and the dihydroxy- 
quinoxaline isolated by means of its sparingly soluble copper complex. It was then obtained by 
sublimation at low pressure as a bright yellow crystalline powder (0-25 g., 59%), m. p. ca. 250° (decomp.). 
The diacetate distilled as a pale yellow oil setting to a mass of colourless needles, m. p. 113° (Found 
C, 58-4; H, 4-4; N, 11-49%). 











Colour reactions of the hydroxyquinoxalines. 
Monohydroxy-. Dihydroxy-. 


Reagent. 5-. 6-. 5: 6-. 5: 7-. 5: 8. 6: 7-. 
2n-HCl yellow yellow orange orange orange-red yellow 
2n-NaOH yellow yellow purple-red orange purple-red yellow 
Aq. FeCl, dull grey-_ _slight dark- nochange deep yellow- brown no change 

ish-green ening ish-green 
Alcoholic black slight dark- nochange deep yellow- brown dull green to 
FeCl, ening ish-green turquoise 





1 : 4-Dimethoxy-5 : 6 : 7 : 8-tetrahydrophenazine.—A solution of the mixed 2: 3- and 2: 5-dinitro- 


uinol dimethyl ethers (5 g.) in acetic acid (30 c.c.) was hydrogenated over Raney nickel and then 

fitered, and the colourless diamine solution heated under reflux for 2 hours with cyclohexane-1 : 2-dione 

(2 g.) (Butz, Davis, and > pel Org. Chem., 1947, 12, 128) and anhydrous sodium acetate (5 g.) in 
b 


acetic acid (10 c.c.). Cooling and basification of the reaction mixture with sodium hydroxide solution 
yielded a brown tarry solid; this was digested with boiling water (50 c.c.) which was filtered hot. The 
1:4, -dimethoxytetrahydrophenazine separated on cooling, and was obtained as yellow needles (1-25 g., 
24%), m. p. 152°, after recrystallisation from hot water (Found: C, 68-9; H, 6-6; N, 11-8. Cyt7.¢0,N, 
requires C, 68-8; H, 6-6; N, 11-5%). 

1:4- -Dimethoxyphenazine (IV; R= Me).—An intimate mixture of 1 : 4-dimethoxy-5: 6:7: 8- 
tetrahydrophenazine (2 g.) and palladised charcoal (1 g.) was heated for 1 hour at 200—230°, the cooled 
mixture broken up, and the crude product obtained by distillation in vacuo as a red oil, which solidified 
when kept. Recrystallised from benzene-light petroleum (b. p. 60—80°), it was obtained as blood-red 
fine needles (1 g., 50%), m. p. 185° (Slack and Slack, loc. cit., give 185°) (Found : C, 70-5; H, 5-0; N, 11-4. 
Calc. for C,,H,,0,N,: C, 70-0; H, 5-0; N, 11-6%). 

1 : 4-Dihydroxyphenazine (IV; R = H).—A solution of 1 : 4-dimethoxyphenazine (0-5 g.) in dry 
benzene (25 c.c.) was heated under reflux for 16 hours with anhydrous aluminium chloride (1 g.), the 
reactants were cooled, and the benzene was decanted. The tarry aluminium complex decomposed 
slowly on addition of crushed ice (10 g.), to yield a rose-red solid (0-4 g., 91%) which was collected, 
washed, and dried. By sublimation at low pressure the dihydroxyphenazine was obtained as deep-red 
needles, m. p. 230° (Found : C, 67-8; H, 4-2; N, 13-2. C,,H,O,N, requires C, 67-9; H, 3-8; N, 13-2%). 
The diacetate crystallised from ethanol in tarnished- gold needles, | m. p. 193- 5—194° (Found : C, 64-6; 
H, 4-1; N, 10-0. C,,H,,0,N, requires C, 64-9; H, 4:1; N, 9-5 

1: 2- -Dimethoxy- -5:6:7: 8-tetrahydrophenazine. —3:4- ‘pinieroventecte (0-8 g.) was hydrogenated 
over Raney nickel, and the resulting diamine solution condensed under nitrogen with cyclohexane- 
1: 2-dione (0-4 g.) in presence of fused sodium acetate (0-6 g.) in refluxing acetic acid (10 c.c.). The 
tetrahydrophenazine was isolated from the cooled, basified reaction mixture with ether, and on 
crystallisation from light petroleum (b. p. 40—60°) formed pale — needles (0-5 g., 60%), m. p. 82—83° 
(Clemo and Daglish, Joc. cit., give m. p. 82—83°). The ted from ethanol in yellowish- 
brown prisms, m. p. (after preliminary darkening) 128° ( Seeee Found: C, 50-9; H, 4-2; N, 14-2. 
CH 2N,,.C,H,0,N, requires C, 50-8; H, 4-0; N, 14- 8%) 

: 3-Dimethoxy-5 : 6:7: 8-tetrahydrophenazine. —4:5- Lsttsesiibabiia dimethyl ether (2-5 g.) in 
acetic acid (20 c.c.) was reduced over Raney nickel, and the filtered solution of the diamine heated under 
reflux in the presence of fused sodium acetate (3 g.) with an acetic acid solution of cyclohexane-] : 2- 
dione (1-25 g. in 10 c.c.). The tetrahydrophenazine separated as a yellow-buff solid (2-2 g., 94%) when 
the cooled mixture was poured into aqueous sodium hydroxide (250 c.c. of 10%). When crystallised 
from es ethanol it formed yellow needles, m. p. 119° (Found: C, 68-2; H, 6-6; N, 11-7. 
C,,H,,0,N, requires C, 68-8; H, 6-6; N, 11-5%). 
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2 : 3-Dimethoxy-5 : 6: 7: 8-tetrahydrophenazine.—A solution of 4: 5-diaminoveratrole obtained by 

catalytic reduction of the dinitro-compound (5 g.) in acetic acid (20 c.c.) was condensed with cyclo. 

hexane-1 : 2-dione (2-5 g.) in the usual manner. On basification of the reaction mixture, a light-brown 

em pee of the 2: 3-dimethoxytetrahydrophenazine (4-7 g., 88%) resulted, which when crystallised 

ag? "Ky ethanol afforded lemon-yellow needles, m. p. 119—120° (Found: C, 69-2; H, 6-8; 
, , ‘o/* 

2-Methyl-5 : 6 : 7: 8-tetrahydrophenazine (VI).—A solution of 2-(toluene-p-azo)-p-toluidine (Vv) 
(2 g.) (Noelting and Witt, Ber., 1884, 17, 78) in cyclohexanone (20 c.c.) was heated under reflux for 
2 hours with concentrated hydrochloric acid (1 drop), and the majority of the solvent evaporated at 
ordinary pressure. The residue was dissolved in ether and extracted with dilute hydrochloric acid, and 
the oil liberated on making alkaline the aqueous solution was isolated by means of ether. Distillation 
under reduced pressure yielded p-toluidine as a low-boiling first fraction, and then a yellow oil which 
solidified when kept; on redistillation, the tetrahydrophenazine (VI) was obtained as a yellow solid 
ark Cea m. p. 81° (Found: C, 78-5; H, 7-2; N, 13-7. C,3;H,,N, requires C, 78-7; H, 7-1; 

, x ‘O/}* 

Dehydrogenations.—Although 1 : 4-dimethoxy-5 : 6 : 7 : 8-tetrahydrophenazine can be very readily 
dehydrogenated by heating it with palladised charcoal, and the corresponding 1 : 2-compound yields to 
the same treatment with moderate ease, attempts to dehydrogenate the 1: 3- and 2: 3-dimethoxy- 
tetrahydrophenazines were unsuccessful. The compounds were recovered unchanged after the action 
of palladised charcoal at 200° either alone or dissolved in diphenyl or p-cymene, whilst higher 
temperatures resulted in general decomposition. Sulphur under similar conditions was also ineffective, 
merely causing discoloration, whilst the materials were unaffected by Raney nickel in refluxing 
cyclohexene. Chloranil (cf. Barclay and Campbell, J., 1945, 530) was ineffective in refluxing acetone, 
and partial decomposition occurred in benzene. Rapid destruction of the 1-.: 2-dimethoxytetra- 
hydrophenazine occurred on heating it under reflux with chloranil in xylene. 

6 : 7-Dimethoxyqui line Di-N-oxide (II).—A solution of 6: 7-dimethoxyquinoxaline (1 g.) in 
acetic acid (25 c.c.) was heated for 20 hours at 60° with hydrogen peroxide (5 c.c.; 100 vol.); the cooled 
reaction mixture was neutralised with sodium hydroxide solution in the presence of ice. The resulting 
precipitate of the di-N-owxide (II) (0-7 g., 60%) was collected, and on crystallisation from water was 
obtained as pale yellow needles,,which began to darken at 220° and decomposed without melting 
at ca. 250° (Found: C, 54-7; H, 4-4; N, 14:2. C,.H,,O,N, requires C, 54-1; H, 4-5; N, 14-2%). 

6-Methoxyquinoxaline Di-N-oxide (I; R= Me).—6-Methoxyquinoxaline (1 g.) was oxidised with 
hydrogen peroxide in acetic acid solution as described above, the reaction mixture neutralised with 
aqueous sodium hydroxide and the di-N-oxide (0-5 g., 42%) isolated with chloroform. It crystallised 
from water as pale yellow needles, which decomposed with effervescence at 207—210° (Found : N, 14-0. 
C,H,0O,N, requires N, 14-6%). 

6-Hydvoxyquinoxaline Di-N-oxide (I; R = H).—A solution of 6-hydroxyquinoxaline (0-5 g.) in 
glacial acetic acid (10 c.c.) was treated with hydrogen peroxide (3 c.c., 100 vol.) at 60° for 29 hours. 
On cooling of the solution, clusters of orange needles separated; a further small quantity was obtained 
by neutralising the filtrate and extracting it with chloroform. Recrystallisation from water gave the 
dioxide (0-2 g., 33%) as long, yellow, hair-like needles, m. p. 245° ‘Wetsroecsenedd (Found: C, 51-6; 
H, 3-5; N, 15-0. C,H,O,N,,4H,O requires C, 51-3; H, 3-7; N, 15-0%). 

2 : 3-Dimethoxy-5 : 6: 7 : 8-tetrahydrophenazine Di-N-oxide.—2 : 3-Dimethoxy-5 : 6 : 7 : 8-tetra- 
hydrophenazine (1 g.) was oxidised in acetic acid as described above, and the dioxide obtained as a yellow 
solid on neutralising the reaction mixture (0-75 g., 66%). It separated from water as very fine, pale 
yellow needles, which decomposed with effervescence at 215—220° (Found: N, 10-3. C,,H,,0,N, 
requires N, 10-15%). 
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635. Organic Fluoro-compounds. Part I. Hydroxy-derivatives 
of Benzotrifluoride. 


By W. B. WHALLEY. 


The preparation of 3: 5-dihydroxy-, 2: 5-dihydroxy-, 3-hydroxy-4-methoxy-, and 2: 5- 
dihydroxy-4-methoxy-benzotrifluoride and several derivatives thereof is recorded. 


As part of an investigation into the general chemical reactions of organic fluorine-containing 
compounds, the preparation of representatives of the hitherto unknown polyhydroxybenzo- 
trifluorides was undertaken. 

The diazotisation of 3-nitro-5-aminobenzotrifluoride (I; R= NO,, R’ = NH,) (Finger 
and Reed, J. Amer. Chem. Soc., 1944, 66, 1972) readily gave rise to 3-mitro-5-hydroxybenzo- 
trifluoride (I; R= NO,, R’ = OH), reduced by ammonium sulphide to 3-amino-5-hydroxy- 
benzotrifluoride (I; R = NH,, R’ = OH) and then converted by diazotisation into 3 : 5-dihydroxy- 
benzotrifluoride (I; R = R’ = OH), which very tenaciously retained a molecule of water of 
crystallisation (removed ‘only by repeated vacuum-sublimation). Catalytic reduction of 
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3 : 5-dinitrobenzotrifluoride readily produced 3 : 5-diaminobenzotrifluoride (I; R = R’ = NH,) 
which could not be converted into the phenol. 
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In contrast to orcinol, the fluorine-containing analogue (I; R = R’ = OH) is very un- 
reactive, as might be expected from the presence of the negatively-directing trifluoromethyl 
group. The phenol does not undergo the Hoesch condensation with methyl cyanide, and 
yields an aldehyde by the Gattermann procedure only with difficulty. The small quantity of 
aldehyde available was insufficient to allow a rigorous orientation, but by analogy with orcinol 
the reddish-brown ferric reaction probably indicates the formulation (IV). 
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Oxidation of m-hydroxybenzotrifluoride (II; R= H, R’ = OH) by Wilson Baker’s 
modification (J., 1948, 2303) of the Elbs persulphate method (J. pr. Chem., 1893, 48, 197) 
readily produced 2 : 5-dihydroxybenzotrifluoride (II; R= R’ = OH). The orientation of this 
compound was proved by the preparation of the same phenol from 2-nitro-5-aminobenzo- 
trifluoride (II; R= NO,, R’ = NH,) by the intermediate steps of 2-nitro-5-hydroxybenzo- 
trifluoride (II; R= NO,, R’ = OH) and 2-amino-5-hydroxybenzotrifiluoride (II; R = NH,, 
R’ = OH) and further substantiated by the production of 2: 5-dihydroxybenzoic ‘acid on 
alkaline hydrolysis of the trifluoromethyl group. 

Diazotisation of 3-amino-4-methoxybenzotrifluoride (III; R = NH,, R’ = OMe) readily 
gave rise to 3-hydroxy-4-methoxybenzotrifiuoride (III; R= OH, R’ = OMe). Attempts to 
demethylate this phenol with hydriodic acid were unsuccessful, the trifluoromethyl group being 
rapidly hydrolysed with the production of 3-hydroxy-4-methoxybenzoic acid. The formation 
of this acid confirms the structure of the phenol and hence the structure allocated to the nitration 
product of #-fluorobenzotrifluoride (Brown, Suckling, and Whalley, this vol., p. $95). 
Oxidation of 3-hydroxy-4-methoxybenzotrifluoride with potassium persulphate gave rise 
to 2 : 5-dihydroxy-4-methoxybenzotrifiuoride (V), the structure of which was proved by alkaline 
hydrolysis of the trifluoromethyl group and conversion of the product into asaronic acid. 

The difference in reactivity towards alkali of these trifluoromethylphenols may be noted. 
3 : 5-Dihydroxybenzotrifluoride is stable to prolonged boiling with 30% potassium hydroxide 
solution; 2: 5-dihydroxy- and 2: 5-dihydroxy-4-methoxy-benzotrifluoride are rapidly 
hydrolysed by cold 2N-sodium hydroxide to the corresponding acids. The observation has 
been made (Jones, J. Amer. Chem. Soc., 1947, 69, 2346) that o- and p-hydroxybenzotrifluoride 
are only partly hydrolysed under these conditions with the formation of polymeric fluorine- 
containing substances of type (VII). 

Although it is well known that the usual methods for the production of phenols by the 
decomposition of the diazonium chlorides may give rise to quantities of the corresponding 
chloro-compounds, it may be noted that 3-aminobenzotrifluoride (I; R= H, R’ = NH,), 
3-nitro-5-aminobenzotrifluoride (I; R = NO,, R’ = NH,), and 2-nitro-5-aminobenzotrifluoride 
(II; R = NO,, R’ = NH,) gave rise to almost quantitative yields of the corresponding chloro- 
compounds under these conditions (cf. Hodgson, Chem. Reviews, 1947, 40, 262). 

In the course of unsuccessful attempts to secure alternative routes to 3: 4-dihydroxy- 
benzotrifluoride (III; R= R’ = OH) the nitration of m-hydroxy- and m-amino-benzotri- 
fluoride was investigated. Attempts to mononitrate m-hydroxybenzotrifluoride failed. Under 
mild conditions no reaction occurred, whilst more vigorous conditions gave rise to polynitro- 
phenols. The nitration of m-aminobenzotrifluoride in the presence of a large excess of sulphuric 
acid was unsuccessful: only amorphous material could be isolated. Nitration proceeded 
smoothly however in sulphuric-acetic acid solution, yielding a dinitro-compound, possibly 
{VI). Attempts to nitrate 2- and 4-nitro-5-aminobenzotrifluorides (Rouche, Bull. Acad. roy. 
Belg., 1927, 18, 346) in an effort to substantiate the structure (VI) were unsuccessful; only 
intractable materials were isolated. 
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A further possible route to 4-amino-3-hydroxybenzotrifluoride was investigated by the 
coupling of benzenediazonium chloride with m-hydroxybenzotrifiuoride. The product was 
proved to be the 2-benzeneazo-5-hydroxybenzotrifluoride, (II; R = PhN,, R’ = OH) by fission 
with sodium dithionite (hydrosulphite) to 2-amino-5-hydroxybenzotrifluoride (II; R = NH,, 
R’ = OH). 

EXPERIMENTAL. 


(With R. Towers and J. YatTEs] 3: 5-Dihydroxybenzotrifiuoride (I; R = R’ = OH).—3-Nitro-5- 
aminobenzotrifluoride (Finger and Reed, /oc. cit.) (5 g.), dissolved in a mixture of water (17 ml.) and 
concentrated sulphuric acid (20 ml.), was cooled to 0° and diazotised by the gradual addition of a solution 
of sodium nitrite (1-9 g.) in water (10 ml.). After 15 minutes the excess of nitrous acid was destroyed 
by the addition of urea, and the solution added to a saturated refluxing solution (250 ml.) of copper 
sulphate. The cooled mixture was extracted with ether (3 x 100 ml.), and the extract dried, evaporated, 
and distilled, giving 3-nitro-5-hydroxybenzotrifluoride (I; R = NO,, R’ = OH) (2-5 g.), b. p- 135°/0-5 
mm., crystallising in pale yellow plates, m. p. 92°, from benzene-light petroleum (Found: N, 6-8. 
C,H,O,NF; requires N, 6-8%). The percentage yield decreased when the diazotisation was done with 
larger quantities of amine. 

3-Nitro-5-hydroxybenzotrifluoride (10 g.) dissolved in ethyl alcohol (50 ml.) was gently refluxed 
during the gradual addition of a solution of sodium sulphide (50 g.) in alcoho] (200 ml.)._ After 1} hours’ 
refluxing 10% ethyl alcoholic sodium hydroxide solution (25 ml.) was added, refluxing continued for 
1 hour, and the alcohol removed by distillation under reduced pressure. The mixture was acidified 
(Congo-red) with hydrochloric acid and then neutralised by the addition of sodium hydrogen carbonate 
solution, and after isolation with ether (4 x 100 ml.) 3-amino-5-hydroxybenzotrifiuoride (1; R = NH,, 
R’ = OH) (8 g.) separated from benzene-light petroleum in pale buff-coloured needles, m. p. 81° (Found : 
C, 47-4; H, 3-5; N, 82. C,H,ONF, requires C, 47-5; H, 3-4; N, 7-9%). Acetylation with pyridine— 
acetic anhydride gave 3-acetamido-5-acetoxybenzotrifluoride, oe. from aqueous methanol in 
a ro i m. p. 138° (Found: C, 50-7; H, 4:1; N, 6-0. C,,H,O,NF, requires C, 50-6; H, 
3-8; N, 5-4%). 

3-Amino-5-hydroxybenzotrifluoride (5 g), dissolved in a mixture of water (19 ml.) and concentrated 
sulphuric acid (20 ml.), was diazotised and converted into the phenol as described for 3-nitro-5-amino- 
benzotrifluoride. On isolation with ether (4 x 100 ml.), 3: 5-dihydroxybenzotrifluoride (2-5 g.), b. p. 
120°/0-001 mm., separated from benzene in massive colourless prisms, m. p. 54° (Found: C, 43-3; 
H, 3-7; F, 28:1. C,H,0,F;,H,O requires C, 43-0; H, 3-6; F, 29-1%). Repeated sublimation in a 
high vacuum gave the anhydrous compound as massive, colourless prisms, m. p. 65°, readily soluble in 
water and alcohol, moderately soluble in benzene, sparingly soluble in light petroleum, and exhibiting 
a oy Bes ferric reaction in water (Found: C, 47-6; H, 3-0. C,H,O,F, requires C, 47:2; H, 2-8%). 
The di-p-nitrobenzoate separated from acetic acid or much alcohol in rosettes of colourless needles, m. p. 
166° (Found: N, 6-3. C,,H,,0,N,F; requires N, 5-9%). The bisbenzeneazo-derivative separated from 
ethyl acetate in bright crimson needles, m. p. 233—-234° (decomp.) (Found: N, 14-4, 19H ,,;0,N,F, 
requires N, 14-6%). 

When a solution of 3 : 5-dinitrobenzotrifluoride (Finger and Reed, Joc. cit.) (5 g.) in alcohol (100 ml.) 
was shaken in an atmosphere of hydrogen with a palladium-charcoal catalyst [from charcoal (1 g.) 
and palladium chloride (0-2 g.)], absorption of hydrogen was rapid and was complete in 20 minutes. 
The filtered solution was evaporated under reduced pressure, giving 3 : 5-diaminobenzotrifluoride (II; 
R = R’ = NH,) (3-5 g.) which separated from benzene-light petroleum in long, slender, colourless 
needles, m. p. 88°, oxidising slowly in solution and in the solid state (Found: N, 16-0. C,H,N,F;, 
requires N, 15-9%). The diacetyl derivative crystallised from much methyl alcohol in colourless hexa- 
gonal tablets, m. p. 298° (Found: N, 10-9. C©,,H,,0,N,F, requires N, 10-8%). 

3 : 5-Dihydroxy-2-formylbenzotrifluoride (IV}.—A mixture of 3 : 5-dihydroxybenzotrifluoride (1 g.), 
zinc cyanide (1 g.), hydrogen cyanide (2 ml.), and benzene (25 ml.) was cooled to 0° and powdered 
anhydrous aluminium chloride (1 g.) added alowly. A rapid stream of hydrogen chloride was passed 
through the cooled mixture for 4 hours. After being kept overnight the benzene solution was removed 
by decantation. The remaining solid and the benzene solution were decomposed by the addition of 
dilute hydrochloric acid and ice. The solid residue yielded only a trace of aldehyde. The benzene 
solution was steam-distilled and the benzene evaporated off; upon cooling, the aldehyde separated in 
colourless plates (0-1 g.), recrystallising in colourless prisms, m. p. 147°, from light petroleum—benzene, 
and exhibiting a reddish-brown ferric reaction in alcohol (Found: C, 46-5; H, 2:7. C,H,O,F; requires 
C, 46-6; H, 24%). The 2: 4-dinitrophenylhydvazone crystallised from alcohol in bright scarlet small 
needles, m. p. 276° (decomp.) (Found: N, 14-7. _C,,H,O,N,F; requires, N, 14-5%). 

3-Chloro-5-acetamidobenzotrifluoride (I; R = Cl, R’ = NHAc).—(a) A solution of 3-nitro-5-amino- 
benzotrifluoride (5 g.) in concentrated hydrochloric acid (15 ml.) and water (15 ml.) was diazotised at 
0° by the addition of sodium nitrite (1-9 g.) in water (10 ml.). The resultant solution was gradually 
added. to a refluxing saturated solution (250 ml.) of copper sulphate, and the product steam-distilled 
and extracted with ether, and the extract dried, evaporated, and distilled, yielding 3-chloro-5-nitro- 
benzotrifluoride (3 g.), b. p. 206—208°/760 mm., as a pale yellow oil, characterised by reduction to the 
amine with tin and hydrochloric acid and subsequent acetylation to give 3-chloro-5-acetamidobenzo- 
trifluoride, crystallising in colourless needles, m. p. 134°, from aqueous ethyl alcohol and identical with 
a synthetic specimen (Found: N, 5-5; Cl, 15-0. C,H,ONCIF, requires N, 5-9; Cl, 15-0%). 

(b) A solution of the diazonium chloride from 3-nitro-5-aminobenzotrifluoride (5 g.) was added to a 
refluxing solution of cuprous chloride (5 g.) in hydrochloric acid (25 ml.) and water (25 ml.). The steam- 
distilled product (4 g.) was reduced with tin (5 g.) and concentrated hydrochloric acid (15 ml.), and 
the amine steam-distilled and acetylated, giving 3-chloro-5-acetamidobenzotrifluoride (3 g.), crystallising 
from aqueous alcohol in colourless needles, m. p. 134° (Found: N, 6-5%). 

(With F. W. D. Kine] 2: 5-Dihydroxybenzotrifiuoride (II; R = R’ = OH).—2-Nitro-5-amino- 
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benzotrifluoride (5 g.) (Rouche, Joe. cit.) was diazotised in concentrated sulphuric acid (20 ml.) and water 

(15 ml.), and after conversion into the phenol as described for the sg pen of 3-nitro-5-hydroxy- 

penzotrifluoride gave 2-nitro-5-hydroxybenzotrifluoride (II; R = NO,, R’ = OH) (3-3 g.), b. p. 135— 

138°/0-01 mm., which crystallised from benzene-light petroleum in almost colourless prisms, m. p. 72° 
ound: C, 40-6; H, 1-8; N, 69. Calc. for C,H,O,NF,: C, 40-6; H, 1-9; N, 68%). De Brouwer 
ull. Soc. chim. Belg., 1930, 30, 298) gives m. p. 76°. 

2-Nitro-5-hydroxybenzotrifluoride was converted into the amine by two methods : 

(a) 2-Nitro-5-hydroxybenzotrifluoride (3-6 g.) was reduced by alcoholic sodium sulphide as for the 

paration of 3-amino-5-hydroxybenzotrifluoride, giving the amine (1-4 g.), which crystallised in 
almost colourless needles, m. p. 158°, from benzene-acetone. 

(b) Concentrated hydrochloric acid (25 ml.) was added gradually to a mixture of the nitrophenol 
(8-5 g.) and tin (10 g.), with cooling as required to moderate the vigorous reaction. After refluxing 
for 15 minutes the mixture was diluted with water (100 ml.) and partly neutralised by the addition of 
2n-sodium hydroxide, and neutralisation was completed by the ition of aqueous sodium hydrogen 
carbonate. 2-Amino-5-hydroxybenzotrifluoride (6 g.), isolated with ether, was soluble in dilute sodium 
hydroxide and dilute acid, oxidised slowly in the solid state and more rapidly in solution, and crystallised 
from benzene—acetone in almost colourless prisms, m. P. 158°, identical with the product produced by 
method (a) (Found: N, 7-9. C,H,ONF; requires N, 7-9%). Acetylation with pyridine—acetic anhydride 
gave 2-acetamido-5-acetoxybenzotrifiuoride in long colourless needles, m. p. 142° (from aqueous methanol) 
(Found: N, 5-3. C,,H,gO,NF, requires N, 5-4%). 

Preparation of 2: 5-Dihydroxybenzotrifluoride.—(a) A solution of m-hydroxybenzotrifluoride (10 g.) 
in 2n-sodium hydroxide (140 ml.) was stirred at 0° during the addition of a saturated aqueous solution 
of potassium Dae aged (16-5 g.) during 4 hours. 24 Hours later the solution was acidified (Congo- 
red) with hydrochloric acid, extracted with ether (3 x 100 ml.). then strongly acidified with more 
hydrochloric acid, warmed on a steam-bath for 30 minutes, and again extracted with ether (5 x 100 
ml.), The latter extract was dried, evaporated, and distilled (bath te rature 130—140° at 0-01 
mm.), giving 2 : 5-dihydroxybenzotrifluoride (3-5 g.) which crystallised from benzene-light petroleum as 
slender colourless needles, m. p. 109°, readily soluble in water, acetone, or alcohol, and sparingly soluble 
in light petroleum, exhibiting an olive-green ferric reaction in water, and readily sublimed in a high 
vacuum as stout colourless prisms (Found.: C, 47-0; H, 3-0; F, 32-2. C,H,O,F, requires C, 47-2; 
H, 2:8; F, 32-0%). Unchanged phenol (3-3 g.) was recovered. The di-p-mnitrobenzoate crystallised 
from glacial acetic acid in clusters of tiny colourless needles, m. p. 230° (Found:: N, 6-2. C,,H,,0,N,F; 
requires N, 5-9%). 

Asolution of 2 : 5-dihydroxybenzotrifluoride (0-3 g.) in 2N-sodium hydroxide was set aside for 3 hours, 
The brown solution was acidified and extracted with ether, and the dried extract evaporated and then 
sublimed in a high vacuum, whereupon 2: 5-dihydroxybenzoic acid (0-3 g.) was obtained as colourless 
needles, m. p. 200°, exhibiting a violet ferric reaction and identical with an authentic specimen. 

(b) 2-Amino-5-hydroxybenzotrifiuoride (5 g.), dissolved in concentrated sulphuric acid (20 ml.) 
and water (15 ml.), was diazotised and converted into the phenol as described for the preparation of 
3-nitro-5-hydroxybenzotrifluoride. On isolation with ether (5 x 100 ml.) the product was sublimed 
in a high vacuum, to give 2 : 5-dihydroxybenzotrifluoride (1 g.), m. p. 109°, identical with a specimen 
prepared by method (a) and giving rise to the same di-p-nitrobenzoate, m. p. 230°. 

5-Chioro-2-acetamidobenzotrifiuoride (II; R’=Cl, R = NHAc).—(a) 2-Nitro-5-aminobenzotri- 
fluoride (10 g.) was diazotised at 0° in a mixture of concentrated hydrochloric acid (30 ml.) and water 
(20 ml.), poured into boiling saturated copper sulphate (400 ml.), and steam-distilled. 5-Chloro-2- 
nitrobenzotrifiuoride (II; R’ = Cl, R = NO,) was obtained as a pale yellow oil (6-4 g.), b. p. 222— 
224°/760 mm (Found: Cl, 15-8; F, 25-3. C,H,O,NCIF, requires Cl, 15-8; F, 25-3%). Reduction 
of this nitro-compound (4 g.) was effected with tin (10 g.) and concentrated hydrochloric acid (25 ml.), 
and completed by heating under a reflux during 15 minutes, whereafter the mixture was made alkaline 
with concentrated aqueous sodium hydroxide, and steam-distilled. The product was directly acetylated 
with acetic pore rs The acetamido-compound crystallised in colourless needles (4 g.), m. p. 148°, 
from dilute methanol (Found: N, 5-6; Cl, 15-0. CyH,ONCIF; requires N, 5-9; Cl, 15-0%). The 
preparation of 5-chloro-2-nitrobenzotrifluoride is claimed by I. G. Farbenindustrie, A.-G. (B.P. 452,436), 
but few details are available. 

(b) Diazotisation of 2-nitro-5-aminobenzotrifluoride (5 g.), dissolved in concentrated hydrochloric 
acid (30 ml.) and water (10 ml.), was effected at 0°. The resultant solution was poured into a solution 
of boiling cuprous chloride (5 g.) in concentrated hydrochloric acid (50 ml.). After isolation, reduction, 
and acetylation as in (a), 5-chloro-2-acetamidobenzotrifluoride was obtained in colourless needles, 
vl 5} 148° (from dilute methanol), identical with the product prepared by method (a) (Found: N, 

h)- 

3-H ydroxy-4-methoxybenzotrifluovide (III; R=OH, R’ = OMe).—3-Amino-4-methoxybenzotri- 
fluoride (6 g.) (Brown, Suckling, and Whalley, Joc. cit.), dissolved in a mixture of concentrated sulphuric 
acid (40 ml.) and water (35 ml.), was diazotised and converted into the phenol in the manner described 
for the preparation of 3-nitro-5-hydroxybenzotrifluoride, giving 3-hydroxy-4-methoxybenzotrifluoride 
(2-8 g.) as a clear, colourless liquid, b. p.. 104—105°/15 mm., which was characterised as the p-mitro- 
benzoate, long, colourless prisms (from aqueous alcohol), m. p. 120° (Found: C, 52-8; H, 3-0; N, 5-3. 
C,,H,,O,NF, requires C, 52-8; H, 2-9; N, 4-5%). 

When the foregoing methoxyphenol (4 g.) was refluxed for 5 minutes with hydriodic acid (5 ml.; 
@ 1-7), hydrogen fluoride was evolved (glass attacked). After dilution with water (100 ml.), extraction 
with ether, and separation into phenolic and acidic components by the use of sodium hydrogen carbonate 
solution, unchanged phenol (1-9 g.) and 3-hydroxy-4-methoxybenzoic acid (1 g.), m. p. 252°, exhibiting 
a negative ferric reaction in alcohol, were obtained. Esterification of the acid with diazomethane, 
methylation with methyl iodide and potassium carbonate in acetone solution, and subsequent hydrolysis 
of the ester gave veratric acid, identical with an authentic specimen. 

2 : 5-Dihydroxy-4-methoxybenzotrifluoride (V).—3-Hydroxy-4-methoxyberzotrifluoride (6 g.), dis- 
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solved in a solution of sodium hydroxide (6-5 g.) in water (60 ml.), was stirred at 0° with the gradual 
addition during 6 hours of a saturated aqueous solution of potassium persulphate (8-5 g.). 24 Hours 
later the solution was decanted from a sticky precipitate, acidified (Congo-red) with hydrochloric acid, 
extracted with ether (2 x 150 ml.), strongly acidified with more hydrochloric acid, heated on a steam- 
bath during 30 minutes, cooled, and again extracted with ether (5 x 100 ml.). Evaporation of the 
dried ethereal extracts furnished unchanged phenol (2-8 g.) and 2: 5-dihydvoxy-4-methoxybenzotri- 
fluoride, purified by sublimation in a high vacuum. It formed colourless needles (0-5 g.), m. p. 136°, 
exhibiting a negative ferric reaction in alcohol, sparingly soluble in water, readily soluble in alcohol, 
acetone, or ether, and crystallising in small needles from benzene-light petroleum (Found: C, 46-5; H, 
3-4; F, 27-5. C,H,O,F; requires C, 46-2; H, 3-4; F, 27-4%). 

The iw es oe from glacial acetic acid in colourless, feathery needles, m. p. 227° 
(Found: N, 5-9. C,,H,;0,N,F, requires N, 5-5%). 

A solution of 2 : 5-dihydroxy-4-methoxybenzotrifluoride (0-2 g.) in cold 2N-aqueous sodium hydroxide 
was acidified after 2 hours, and the product isolated with ether and esterified by the addition of ethereal 
diazomethane. After evaporation of the solvent the ester (0-15 g.) was methylated in acetone (30 ml.) 
during 12 hours with anhydrous potassium carbonate (1 g.) and methyliodide (3 ml.), the crude methylated 
ester hydrolysed by warming on a steam-bath with 20% methyl-alcoholic potassium hydroxide (3 ml.), 
and the product vacuum-sublimed, giving rise to asaronic acid (0-1 g.), m. p. 144°, identical with an 
authentic specimen. 

m-Chlorobenzotrifluoride (I; R= H, R’ = Cl).—3-Aminobenzotrifluoride (21 g.), dissolved in a 
mixture of water (30 ml.) and concentrated hydrochloric acid (38 ml.), was diazotised and then poured 
into boiling saturated copper sulphate solution (300 ml.), and the mixture steam-distilled. The dis- 
tillate was dissolved in ether, and the ethereal extract washed with 2N-sodium hydroxide. The ethereal 
solution was dried and distilled, giving 3-chlorobenzotrifluoride (15-7 g.) as a clear, colourless liquid, 
b. p. 136—138°/760 mm. (McBee et al., J. Amer. Chem. Soc., 1947, 69, 947, give b. p. 135—136°/745 
mm.) (Found: Cl, 19:7; F, 31-0. Calc. for C,H,CIF,;: Cl, 19:7; F, 31-7%). Acidification of the 
alkaline washings gave m-hydroxybenzotrifluoride (2 g.). 

2-Benzeneazo-5-hydroxybenzotrifluoride (Il; R = PhN,, R’ = OH).—Aniline (6-5 g.), dissolved in 
concentrated hydrochloric acid (20 ml.) and water (60 ml.), was diazotised at 0° with sodium nitrite 
(5 g.), and the resultant solution added slowly with stirring to m-hydroxybenzotrifluoride (10 g.) dis- 
solved in a solution of sodium hydroxide (9 g.) in water (150 ml.). The dark brown solution was acidified 
with 50% acetic acid, and the resultant sticky precipitate crystallised from acetic acid in reddish- 
brown needles (5 g.), m. p. 118° (decomp.) (Found: N, 10-3. C,,;H,ON,F; requires N, 10-5%). 

Fission of the azo-derivative (2 g.) dissolved in 50% aqueous alcohol (30 ml.) was achieved during 
3 hours by the gradual addition of sodium dithionite (5 g.). The pale yellow solution was diluted with 
water (100 ml.), the aniline removed by steam-distillation, and the residue acidified (Congo-red) with 
hydrochloric acid, neutralised with sodium hydrogen carbonate, and extracted with ether (4 x 100 
ml.). Evaporation of the ether gave 2-amino-5-hydroxybenzotrifluoride, identical with an authentic 
specimen. Acetylation gave 2-acetamido-5-acetoxybenzotrifluoride, identical with an authentic 
specimen. 

Nitration of m-A minobenzotrifluoride.—The base (5 g.), dissolved in a mixture of concentrated sulphuric 
acid (50 ml.) and acetic acid (40 ml.), was cooled to 0° and a solution of fuming nitric acid (5 ml.) in 
concentrated sulphuric acid (20 ml.) added with stirring. 4 Days later the deep-yellow solution was 
poured on an excess of crushed ice, and the pale yellow crystalline solid collected, washed with water, 
and sodium hydrogen carbonate solution, and dried. The product (7 g.) crystallised in pale lemon- 
yellow needles, m. p. 126° (decomp.), from ethyl acetate—light petroleum (Found: C, 33-4; H, 1:5; 
N, 16-9. C,H,O,N,F, requires C, 33-5; H, 1-6; IN, 16-7%). The compound was oxidised rapidly in 
hot solution, and more slowly on exposure to the air in solution at room temperature; the solid appears 
to be quite stable. The acetate, prepared in moderate yield by pyridine-acetic anhydride, crystallised 
from benzene-acetone in golden-yellow, long, silky needles, m. p. 149° (decomp.) (Found: N, 13-9. 
C,H,O,N,F; requires 14-:3%). 

Caution. The nitro-amine reacts explosively with pyridine but may be dissolved in a mixture of 
pyridine—acetic anhydride with safety. 


The author thanks Messrs. Imperial Chemical Industries Ltd. (General Chemicals Division) for gifts. 
of benzotrifluoride and 4-fluoro-3-nitrobenzotrifluoride. 
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636. Organic Fluorides. Part I. Fluorination of Hydrocarbons. 
By W. K. R. Muscrave and F. Sirs. 


An apparatus is described for the direct fluorination of hydrocarbons to give fluorocarbons 
(perfluorocarbons) by a vapour-phase catalytic method. Reference is made to the necessary 
conditions for successful fluorination. Copper and silver which act as catalysts in fluorination 
are believed to participate to some extent in the form of higher fluorides as halogen carriers. The 
large metal surface offered by the catalyst also dissipates the heat of the reaction and reduces 
decomposition. 

The fluorocarbons are unique in the field of organic chemistry. Composed of carbon and 
the most electronegative element fluorine, they display a stability approaching that of the 
so-called rare gases. These substances display remarkable a properties. Except with 
respect to density there is little resemblance between fluorocarbons and other halogen 
derivatives of carbon. 


FLUORINATION of organic substances by means of fluorine was early demonstrated to be a 
violent reaction usually involving degradation (Bockemiiller, Annalen, 1933, 506, 20) and not 
infrequently accompanied by explosions (Moissan, Ann. Chim. Phys., 1891, [vi], 24, 224; 
Moissan and Chavanne, Compt. rend., 1905, 140, 407; Meslans, Ann. Chim. Phys., 1894, [vii], 1, 
346). The main product of the reaction was carbon tetrafluoride (Humiston, J. Physical Chem., 
1919, 28, 572; Damiens and Lebeau, Compt. rend., 1926, 182, 134; 1930, 191, 939). No inter- 
mediate fluorinated products were identified. It was because of the danger which attended 
experiments with fluorine that attention was given to indirect methods of fluorination such as 
that discovered by Swarts (Bull. Acad. roy. Belg., 1936, [v], 22, 781) in which chloro- or bromo- 
derivatives or organic compounds were treated with metal fluorides (see Henne, Gilman’s 
“ Organic Chemistry,” 2nd edn., Vol. II. p. 944, John Wiley and Sons, New York, 1943); such 
methods, however, are tedious and do not lead to complete fluorination. 

Small yields of some of the lower fluorocarbons have been produced by treatment of carbon, 
impregnated with a mercuric salt, with fluorine (Simons and Block, J. Amer. Chem. Soc., 1939, 
61, 2962; cf. Ruff and Keim, Z. anorg. Chem., 1930, 192, 249) and they may also be produced 
together with polymeric fluorocarbons by the fluorination of metal carbides such as CaC,, ThC,, 
UC, (Smith, unpublished). More recently the ingenious procedure of fluorinating organic 
compounds by adding them to a mixture of potassium fluoride and hydrogen fluoride undergoing 
carefully controlled electrolysis has been reported by Simon and his co-workers (Amer. Chem. 
Soc. Meeting, Portland, Oregon, 1948), but most progress has been made in recent years with 
the vapour-phase fluorination of organic compounds, a study of which forms the subject of this 
paper (see Bigelow, Chem. Reviews, 1947, 40, 51; Smith, Ann. Reports, 1947, 44, 86). 

This work shows that a surprising improvement in the yields of fluorocarbons results when 
fluorine and a hydrocarbon react in the vapour phase at higher temperatures in the presence of 
large surface areas of metal such as is offered by small pieces or turnings. This conclusion has 
also been reported by Cady et al. (Ind. Eng. Chem., 1947, 39, 290). Fluorocarbon yields of 
50—80% have been recorded for the direct fluorination of hydrocarbons using silver-plated 
copper turnings. Further, the catalytic activity of metals in fluorination is not confined to one 
or two elements, for, in addition to copper and silver, cobalt, nickel, and gold may also be used 
(see succeeding paper). The effectiveness of all of them may reside partly in their conversion 
by fluorine into a fluoride which acts as the fluorinating agent (Bigelow, Calfie, and Miller, J. 
Amer. Chem. Soc., 1937, 59, 198; Cady et al., loc. cit.), but it is difficult to see how this can be 
the complete explanation for in the case of copper for example the amount of fluoride formed 
on the surface is very small. 

Several conditions appear to be necessary for the successful fluorination of hydrocarbons 
using good-quality fluorine: (a) the catalyst, e.g., silver-plated copper turnings must be pre- 
treated with fluorine to remove organic contaminants and to produce a surface layer of metal 
fluoride before any hydrocarbon is admitted to the reaction vessel; (b) the reactants should be 
diluted with nitrogen, and each of the mixtures should be preheated to a temperature approxi- 
mating to the value found to give the highest yields of fluorocarbon from the particular hydro- 
carbon under examination: (c) slightly more than the theoretical amount of fluorine should be 
used; (d) premature interaction of fluorine and hydrocarbon should be avoided by the insertion 
of baffle plates, suitably placed near the inlets in order to deflect the reactants downwards so 
that they intermingle relatively slowly—if the fluorination occurs prematurely, i.e., as soon as the 
reactants enter the reaction vessel the yield of the desired fluorocarbon is negligible, since most 
of the hydrocarbon is converted either into carbon tetrafluoride or into a mixture of the latter 
and a viscous oily polymeric fluorocarbon; the latter may be produced especially at lower 
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temperatures in such an amount as to cover the surface of the catalyst, in which condition all 
catalytic activity is lost (see Cady et al., loc. cit.); (€) once the catalyst has been used it should 
be disturbed as little as possible so as to avoid dislodging the surface film of metallic fluoride; 
mechanical shaking or rapid flow of gases should be avoided; this is especially true with siiver- 
or gold-plated copper turnings. 

The results of these preliminary experiments seemed to indicate that as the boiling points of 
the hydrocarbons increased the optimum reaction temperature for fluorocarbon formation 
should also be increased. Thus u-heptane gave good yields at #50°, whilst octene was best 
transformed into perfluoro-octane at 200° and tetrahydronaphthalene gave maximum yields of 
perfluorodecalin at 350—380°. 

Fluorination of ethylenic hydrocarbons was characterised by a tendency for cleavage to take 
place, especially at the double bond; thus octene afforded perfluoroheptane in addition to 
perfluoro-octane. 

Fluorocarbons are the most stable organic substances known, approaching the stability of the 
rare gases. They are stable to boiling strong acids and alkalis and to the halogens, chlorine 
and bromine, but when heated with fluorine they undergo degradation to give fluorocarbons 
containing fewer carbon atoms than the original material. When heated with sodium or 
potassium, complete decomposition occurs giving carbon and the alkali-metal halide (Elving 
and Ligett, Ind. Eng. Chem., Anal., 1942, 14, 449). Fluorocarbons also react with sodium in 
liquid ammonia at room temperature (Miller, Hunt, and McBee, ibid., 1947, 19, 148). They are 
relatively thermostable but at red-heat undergo “ cracking.’”’ Above 400° they are reported to 
react with silica giving carbon dioxide and silicon tetrafluoride (Rice and White, J. Amer. Chem. 
Soc., 1947, 69, 267; McKenna and Teston, Ind. Eng. Chem., Anal., 1947, 19, 193). Pressure 
hydrogenation of fluorocarbons at 400° appears to replace some fluorine to give hydrofluoro- 
carbons, but no hydrogenolysis appears to occur (Grosse and. Cady, Ind. Eng. Chem., 1947, 39, 
367). 

Fluorocarbons also have unique physical properties, displaying remarkably low values for 
surface tension, boiling point, viscosity, and refractive index. The densities are high, and the 
compounds are characterised by a low solubility in the usual organic solvents. They are miscible 
with each other and dissolve in ether and in some chlorofluorocarbons, Such peculiar properties 
are probably due to the operation of low intermolecular and high intramolecular forces (see 
Grosse and Cady, ibid., 1947, 30, 367; McBee and Bechtol, wid., p. 380; Fowler e al., ibid., 
p. 375). 

EXPERIMENTAL, 

Apparatus. The apparatus used is similar to that used by Cady ef al. (loc. cit.) at about the same 

time 


The electrically-heated reaction vessel C in which fluorinations were conducted consisted of a piece of 
cylindrical iron pipe approx. 27 in. long and 2 in. in diameter. A narrow (0-5 in. diam.) iron or nickel 
tube, closed at the lower end, was brazed into the lid of C to act as a thermometer well. The lid of C 
was threaded (flanged joints are better) so that it could be removed to make inspections and adjustments, 
Two short (3—4 in.) $-in. copper tubes were brazed into C (1 in. below the lid) opposite each other to 
serve asinlets. The fluorine, previously mixed with nitrogen (regulated with a glass flowmeter /,) in the 
copper vessel A (8 in. high and 2 in. in diameter), was preheated, by passing it through a spiral copper 
tube B, (8—10 spirals, each 4 in. in diameter) heated in a sand-bath, before it entered C. The hydro- 
carbon was carried from the graduated glass reservoir D in a current of nitrogen regulated by the glass 
flowmeter f,. The hydrocarbon—nitrogen mixture which could be diluted further by nitrogen passing 
through the glass flowmeter f,, was passed through the copper coil B,, similar to B,, to be preheated in 
sand before entering C. 

er baffle plates P were inserted in the top of C to deflect the reactants downwards into the main 
body of the catalyst. The exit from C consisted of a }-in. copper tube (3—4 in. in length) inserted 1-5 in. 
from the bottom of C and beneath a shallow perforated tray T; this arrangement of the exit below the 
tray supporting the turnings avoided blockage of the exit which occurs when the tube is placed in the 
bottom of C and there is no tray to support the catalyst. The bottom of C was closed:by a steel screw-cap 
or flanged plate. The reaction hon 7 wm from C, consisting of fluorocarbon compounds, hydrogen 
fluoride, excess of fluorine, and nitrogen, passed, through a small steel cylindrical vessel E (4 in. high and 
2} in. in diameter) in which high-boiling products were collected, to the base of a copper cylinder F 
(12 by 2-5. in.) down which water trickled over copper turnings to remove hydrogen fluoride and then 
through a tower G containing calcium chloride into two U-tubes H in which the product was condensed 
at —78° (solid carbon dioxide and alcohol). In later experiments the water tower F and the drying 
tower G were discarded, and both the product and hydrogen fluoride were condensed in wide copper 
U-tubes cooled in solid carbon dioxide—-alcohol. All connections to the vessels, 4, C, E, F, and G were 
brazed. ‘“‘ Cerechlor’’ was used in the flowmeters but this was replaced by a suitable fluorocarbon as 
soon as this material became available from this and subsequent fluorination studies. 

The amount of fluorine generated was calculated from the current in the fluorine cell on the assump- 
tion that the efficiency was approximately 65%. In the early stages of this work a low-temperature 
(10—15°) cell was used but this was replaced by a medium-temperature (100°) fluorine generator; this 
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of cell fitted with a carbon anode impregnated with copper and excluded from atmospheric moisture 
W betieved to be the most satisfactory cell to operate (Pinkston, Ind. Eng. Chem., 1947, 39, 255). 

Before assembling the apparatus for fluorinations, each piece of it was tested for leaks and, when 
assembled, the apparatus was re-checked for leaks by passing a known amount of hydrocarbon in a 
stream of nitrogen through the apparatus and collecting it in the U-tube receivers. Failure to obtain 
an almost complete recovery of the hydrocarbon was taken to indicate the presence of leaks. Any leaks 
on the fluorine side of the apparatus between C and the fluorine generator were detected by means of 
potassium iodide paper during a preliminary low fluorine generation. ; 

The amount of fluorine, to be used in slight excess, was based upon the amount of hydrocarbon being 
carried out of the graduated vessel D by the current ofnitrogen. This hydrocarbon input was ascertained 
approximately by disconnecting the copper tube just before it entered C and passing nitrogen through D 
and noting the rate of evaporation of the hydrocarbon. The rate of evaporation of hydrocarbon, and 
consequently of its introduction into C, could be regulated by varying the temperature of D and the rate 
at which nitrogen bubbled through the hydrocarbon. , x a 

Before the commencement of each fluorination, the reactor C was adjusted by a “ Variac ’’ trans- 
former to the temperature required for fluorination and undiluted fluorine was then passed into C in 
order to dry the apparatus and generate the surface film of metal fluoride. When not in use the reactor 
C was adjusted to about 150°, and while still containing some fluorine it was closed off from the rest 
of the apparatus. This insured that the catalyst remained dry and in an active state. When once 
charged with catalyst the reactor C was not disturbed more than was necessary. 
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REsUuULTs. 


Perfluoroheptane.—Experiment I. The catalyst for this experiment consisted of 4 kg. of copper 
turnings plated electrically with silver. The reaction vessel was adjusted to 150° and fluorine was 
introduced from a medium-temperature fluorine generator at the rate of 6 g. per hour (this was estimated 
from a current efficiency in the fluorine cell of 65%). When fluorine was issuing freely from the exit of 
the reaction vessel (disconnected at this point for convenience), the fluorine stream was diluted with 
nitrogen (91. per hour). The hydrocarbon was passed into the vessel in a current of nitrogen (10 1. per 
hour). Heptane (19 c.c.), introduced during 17 hours, gave a crude product (23-6 g.) which was collected 
in the U-tubes cooled in carbon dioxide-alcohol. The crude product was washed with water, dried 
(K,CO,), and distilled, giving fractions : (i) decomposition products (2-6 g.), b. p. 30—80°, (ii) perfluoro- 
heptane (16 g.), b. p. 80-5—83°, and (iii) partly fluorinated heptane (3-8 g.), b. p. 883—120°. 

_ Experiments II—V. In these, fluorine generated at 12 g. per hour (current in cell, 30 amp.) was 
diluted with nitrogen (direct from cylinder) (23-5 1. per hour), while the heptane was diluted with 11-5 1. 
of the nitrogen per hour. The results and those of experiment I were as follows : 





Experiment : I. II. III. IV. V. 
NIN RU OD os ataserncnntisosrctsiasosses 150 150 150 150 150 
NY CE IND. stn sestebscohissccesbinssuscense 17 28 28 28 28 
4 > Ae 6 12 12 12 12 
N, dilution of F, (1. per hr.)  .............sece0008 9 23-5 23-5 23-5 23-5 
oS EO ee 19 62 86-5 72 57 
N, dilution of heptane (1. per hr.) ............... 10 11-5 11-5 11-5 11-5 
Yield of fluorocarbon (crude), g. ..............0+++ 23-6 80 96 76 33 


Wt. of fluorocarbon x 100 
iy) pete tea eennanean ae 181 189 162 155 85 
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Fractional distillation of the crude product (dried over phosphoric oxide) gave fractions: (iv) decom- 
— products (48 g.), b. P: 60—80°, (v) perfluoroheptane (150 g.), b. p. 81—83°, and (vi) partly 
uorinated heptane (53-5 g.), b. p. 83—130°. Redistillation of fraction (v) gave perfluoroheptane, b. p 
82°, n2° 1-272, do 1-69, y* (surface tension) 13-6 dynes per cm., 7” 1-05 x 10-*c.g.s. units. Refluorin- 
ation of fraction (vi) gave 34 g. of crude product from which by fractional distillation a further 21 g. of 
erfluoroheptane (b. p. 81—83°) were obtained together with 10 g. of partly fluorinated material. Thus 
77-5 c.c. of n-heptane afforded 171 g. of perfluoroheptane (Found : F, 78-5. Calc. forC,F,,: F, 78-35%). 

When the reaction vessel was not in use, it was tightly stoppered with blank unions whilst still 
containing some fluorine; it was never left exposed to the air. If the catalyst was set aside for any 
length of time, its activity was usually ascertained by the fluorination of a small sample of some hydro- 
carbon. In one such experiment 13 g. of heptane afforded 25 g. of crude perfluoroheptane. 

_Perfiuoro-octane.—Experiment I. Octene (prepared from technical octanol by dehydration with 
boiling phosphoric acid) underwent smooth fluorination by the aforementioned procedure. Introduced 
during 23 hours in a current of nitrogen (9-5 1. per hour), octene (24 g.) reacted at 155° with fluorine 
generated at 6 g. per hour and diluted with nitrogen (11 1. per hour) to give crude perfluoro-octane which 
was neutralised with potassium carbonate and filtered (yield, 26 g.). Fractional distillation gave 
fractions: (i) degradation products (6-5 g.), b. p. 70—102°, (ii) perfluoro-octane (8-5 g.), b. p. 103—105° 
and (iii), partly fluorinated octane (5-1 g.), b. p. 105—150°. ; 

aca II. In another experiment conducted as above, 30 g. of octene gave 24 g. of crude 
product. 

_Experiment III. In one of several other experiments with the temperature of the reaction vessel 
adjusted to 200°, 37 g. of octene, fluorinated during 25-5 hours, gave 58 g. of crude perfluoro-octane. 

The crude material from experiments II and III yielded upon fractional distillation fractions: (iv) 
decomposition products (30-5 g.), b. p. 60—100°, (v) perfluoro-octane (35-5 g.), b. p. 100—110°, and (vi) 
partly fluorinated octane (15 g.), b. p. 110—150°. Refractionation of fraction (v) gave perfiuoro-octane 
easy b. p. 104°, nf 1-282, d3° 1-73, y™ 15-3, n® 1-63 x 10-* (Found: F, 77-7: CgFy, requires F, 

h)- 

Refractionation of 20 g. of the decomposition products [fraction (iv)] gave fractions: (a) (2g.), b. p. 
33°, (b) (3-5 g.), b. p. 60—63, (c) (2-5 g.), b. p. 71—75°, and (d) (11-6 g.), b. p. 81—83°. The lower-boiling 
materials decolorised bromine water and alkaline potassium permanganate, indicating the presence of 
unsaturated products (cf. Henne and Ruh, J. Amer. Chem. Soc., 1947, 69, 279). Fraction (d) did not 
react with bromine or potassium permanganate. Its b. p. (81—83°) and mol. wt. (360; by Victor 
Meyer’s method) suggested that it was perfluoroheptane arising by cleavage at the double bond and 
simultaneous fluorination. 

Perfluorononane.—This was prepared by the fluorination of nonene by the method already described. 
The nonene reservoir was heated to 59° in order to facilitate the introduction of the hydrocarbon into 
= fluorination vessel without the use of excessive amounts of nitrogen. The results are tabulated 

elow. 

Experiment : | 2 
I MUIR I EC) oc ecncitendentenectasesriabeatte 200 
Reaction time (hrs.) 
ig OE BED parse nticscccascsscciccssceessssesosonseds 
N, dilution of F, (l. per hr.) 

Nonene, total (c.c.) 
N, dilution of nonene (I. per hr.) 
Product (g.) collected in : 

E 


Tot 
Wt. of total fluorocarbon x 100 
Wt. of nonene 





bey low yield of fluorinated product obtained in experiment I is probably due to the use of a large excess 
of fluorine. 

In experiments I, II, III, and IV distillation of the product which was collected in the U-tubes gave 
fractions: (i) decomposition products (20-6 g.), b. p. 40—115°, (ii) crude perfluorononane (15-1 g.), b. p. 
115—130°, and (iii) partly fluorinated nonane (10-1 g.), b. p. 1830—220°. Fraction (i) contained 
unsaturated substances since it decolorised bromine and alkaline potassium permanganate. 

In experiment V distillation of the product (40 g.) which had collected in the U-tubes gave fractions : 
(iv) decomposition products (13-4 g.), b. p. 40—115°, (v) perfluorononane (19 g.), b. p. 115—130°, and 
(vi) partly fluorinated nonane (5-5 g.), b. p. 130—220°. Redistillation of the combined fractions (ii) and 
(v) gave fractions: (a) (7-4 g.), b. p. 119—122-5°, (6) perfluorononane (20-5 g.), b. p. 122-5—123-5°, and 
(c) (4:6 g.), b. p. 123-5—127°. 

see 18% [fraction (b)] had m3? 1-281, d3° 1-80, 7? 15-3, 47° 20 x 10° (Found: F, 77-5. CF 
requires F, 77-9%). 

Fraction (vi) was redistilled and a portion collected at 160°. The profound influence of residual 
hydrogen upon the b. p. is indicated by this fraction (Found: C, 21-4; H, 1-7; F, 76-1%). 

Redistillation of the material collected, from experiments II—V, in trap J (the latter was not used 
for experiment I) gave fractions: (a) (0-8 g.), perfluorononane, b. p. 122—124°, (b) (4-5 g.) partly fluori- 
nated nonane, b. p. 125—220°, (c) (0-5 g.), a viscous liquid, b. P. 160°/10 mm. (Found : F, 76-2%), and 
(d) (0-4 g.), a viscous liquid, b. p. 205°/10 mm. (Found : F, 78-9%). Fraetions (c) and (d) appeared to be 
perfiluoro-polymers probably arising, as will be demonstrated in a later paper, from the polymerisation 
of hydrofluorocarbons. 

Distillation of the material collected in trap E gave more of the viscous high-boiling perfluoro-polymer. 
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Perfluorodecahydronaphthalene.—A series of experiments were carried out with tetrahydronaphthalene 
using silver-plated copper turnings. The hydrocarbon was heated to 185° and introduced into the 
reaction vessel in a current of nitrogen preheated in a copper coil at 200°; the fluorine was similarly 
diluted with nitrogen and preheated. The temperature of the reaction vessel was varied in order to 
ascertain the optimum temperature. The results were as follows : 


Reaction temp. (° c.) 

Reaction = 5) (hrs.) 

F, (g. per hr. 

N dilution of F, ( per br.) 
Tetralin (total, c.c.) 

N, dilution of tetralin (1. per hr.) 
Product a collected in : 


92-4 
Wt. of hydrocarbon ; : 117 


Fractionation of the product from the U-tubes. The combined material (109 g.) from experiments III, 
IV, and V was washed with water until neutral, dried (MgSO,), and distilled giving fractions: (i) 
decomposition products (unsaturated) (76-5 g.), b. p. 30—135°, (ii) perfluorodecahydronaphthalene (16 g.), 
b. p. 135—140°, and (iii) partly fluorinated decahydronaphthalene (9-3 g.), b. p. 140—230°. 

Fractional distillation of the product from experiments III, IV and V collected in trap'J (the 
water trap) gave fractions: (ivy crude perfluorodecahydronaphthalene (8-4 g.), b. p. 135—140°, (v) 
partly fluorinated decahydronaphthalene (9-1 g.), b. p. 140—230°, (vi) a viscous liquid (6-9 g.), b. p. 
165—175°/10 mm. (Found : F, 76-2%), (vii) a viscous liquid, partly crystalline (4-4 g.), b. p. 195—-205°/10 
mm. (Found: F, 75-2%), (viii) a viscous liquid, b. P 210—235°/10 mm., which cryYstallised almost 
completely (Found: F, 76-4%), and (ix) a glassy solid, b. p. 170—180°/0-07 mm. (Found: F, 74-7%). 
Fractions (vi), (vii), (viii), and (ix) appeared to be polymeric. 

The fractions (ii) and (iv) of fairly pure perfluorodecahydronaphthalene were combined and redistilled, 
giving perfluorodecahydronaphthalene (20-8 g.), b. p. 138°, n?? 1-315, d38 1-90, 47° 4-75 x 107%, y? 19-25 
(by Sugden’s method) (Found: F, 73-8. Calc. for CyF,,: F, 74-0%). 

Fractionation of high-boiling material collected in trap E. The combined material from experiments 
III, IV, and V gave upon distillation fractions (a) glassy (1-0 g.), b. p. 190—200°/0-07 mm. (Found : 
F, 75-6%), and (b), a glassy material, 1-5 g., b. p. 215—225°/0-07 mm. (Found: F, 75-95%). These 
materials were evidently polymeric. 

Fluorination of Dodecene.—The technique employed was the same as for the fluorination of 
tetrahydronaphthalene. The results are given in the following table : 





Reaction temp. (° Cc.) 

Reaction time (hrs.) 

Bie TNE da cbtntataien shcnsoescevkns tie <cnsaiasuce shunts 
N, dilution of F, (1. 


N, dilution of dodecene 
se collected : 
T 


Total 
Total wt. of fluorocarbon x 100 
Wt. of hydrocarbon 


The products from the U-tubes were combined, washed with water, dried, and distilled, giving 
fractions: (i) a colourless unsaturated liquid (52-7 g.), b. & 30—165° (ii) crude perfluorododecane 
1 





(2-8 g.), b. p. 165—180°, and (iii) partly fluorinated dodecane (1-1 g.), b. p. > 180°. : 

The fluorination of dodecene was thus attended by extensive degradation and in an attempt to 
minimise this, further experiments (V—VII) in which nitrogen dilution of the reaction mixture was 
greater were carried out; the results are given below : 


Reaction temp. (° c.) 
Reaction time (hrs.) 
F, (g. per hr.) 
N, dilution of F, (1. per hr.) 
NOE TOU, GD ocesiccccinvciveciccposcsvicsecsanes 
N, dilution of dodecene (1. per hr.) 
Product (g.) collected : 
J (unchanged 
dodecene) 
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Fractionation of the product from these three experiments gave fractions: (a) fluorinated degradation 
roducts (27 g.), b. p. 40—165° (unsaturated), (6) colourless liquid, probably impure perfluorododecane 
3-4 g.), b. p. 165—180°, which could not be resolved into a product of constant b. p., and (c) partly 

fluorinated dodecane (1-7 g.), b. p. >180°. 

In order to ascertain that the catalyst, used in this series of fluorinations of dodecene, was still of 
good quality and in an active condition a sample of benzene was fluorinated. The fluorine generated at 
12 g. per hour was diluted with 17 1. of N, per hour while benzene (28 c.c.) admitted in 11 hours was 
diluted with 71. of N, perhour. The reaction conducted at 180° gave 42 g. of crude perfluorocyclohexane 
which upon washing, drying, and distillation gave perfluorocyclohexane, b. p. 51°, m. p. 52°. The 
catalyst was therefore active. 

There seemed to be no indication that long-chain unsaturated hydrocarbons could be fluorinated by 
this catalytic vapour-phase method, and another procedure had to be devised, as will be reported later. 

The fluorocarbons obtained in the above series of experiments could be recovered unchanged after 
being boiled with strong acids and with strong alkalis. 

Measurement of the Refractive Index.—This could not be done for the fluorocarbons by means of the 
Abbé refractometer since the lower limit of the scale was 1-3. For these preliminary experiments a 
small air cell was made from three discs (1-cm. diam.) of microscope cover slips. In one of these discs a 
hole (0-3 mm.) was drilled. This perforated disc was sealed between the other two of the same size with 
a solution of cellulose acetate in acetone. The small air cell was fixed to a wire support attached to a 
goniometer platform and adjusted so that it rotated about an axis perpendicular to a parallel beam of 
sodium light from a Webski slit. The light from the slit passed through the cell, and an image of it 
could be seen in the telescope of the goniometer (focused at infinity). The crosswire of the telescope 
was arranged to bisect the image of the slit. 

The air cell was then immersed in the fluorocarbon, contained in a small cubic copper container, in 
two opposite sides of which were glass panels through which light could pass. Rotation of the cell in one 
direction caused one half of the image to disappear; this was the position for total internal reflection. 
The reading on the goniometer platform was noted. The cell was rotated in the opposite direction until 
the other half of the image of the slit disappeared. The reading of the platform was again noted. It 
can readily be shown that the cosecant of half of the angle through which the air-cell was rotated to give 
the two extreme positions of extinction gives the refractive index of the fluorocarbon. The instrument 
was calibrated by using liquids of known refractive index. 

Unless stated otherwise, surface tensions were measured by a DuNuoy tensiometer and are quoted 
with reserve. The densities were determined in a pyknometer and the viscosities in a viscometer of the 
Ostwald type. 

Determination of Fluorine in Organic Fluorides [with J. C. TatLow]. 


The compound was heated with sodium at 400—500° in a simplified form of Parr bomb made of 
nickel (cf. Elving and Ligett, Ind. Eng. Chem., Anal., 1942, 14, 449; Kimball and Tufts, ibid., 1947, 19, 
150; Hunt, McBee, and Miller, ibid., p. 148; Bigelow et al., J. Amer. Chem. Soc., 1940, 62, 267; Schumb 
and Radimer, Ind. Eng. Chem., Anal., 1948, 20, 871). The sodium fluoride formed in the fusion was 
titrated with thorium nitrate, sodium alizarinsulphonate being used as indicator (Armstrong, Ind. Eng. 
Chem., 1936, 8, 384; Rowley and Churchill, ibid., 1937, 9, 551). The difficulty in determining the end- 

int was largely surmounted by filtering the thorium tetrafluoride after most of the thorium nitrate had 
een added and completing the titration with the clear filtrate. 

More recently it has been shown by Stross (Metallurgia, 1947, 36, 346) and confirmed by one of us 
(W. K. R. M.) that the addition of a protective colloid such as starch presents the precipitation of 
thorium tetrafluoride and the premature appearance of a pink colour. This appears to be the best solu- 
tion to the problem of the exact determination of the end-point (cf. Matuszak and Brown, Ind. Eng. 
Chem., Anal., 1945, 17, 100). 

Compounds containing chlorine as well as fluorine can be analysed for both halogens by the above 
method, the chloride being determined in the presence of fluoride by titration with silver nitrate using 
— as an adsorption indicator (Kolthoff, Lauer, and Sunde, J. Amer. Chem. Soc., 1929, 
§1, 3273). 


The authors thank the Director-General of Scientific Research for permission to publish, Professor 
Sir Norman Haworth, F.R.S., for his interest in this work, and Professor F. J. Llewellyn and Dr. S. 
Small for assistance in the measurement of refractive indices. The authors are grateful to Messrs. 
Imperial Chemical Industries Ltd. for providing plans for the construction of the fluorine generators. 
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637. Organic Fluorides. Part II. The Effect of Metals on the 
Fluorination of Hydrocarbons. 


By W. K. R. Muscrave and F. Smit. 


The catalytic effect of a number of transitional elements on the vapour-phase fluorination 
of benzene has been investigated. Gold-plated copper turnings appear to be the most effective. 


In Part I (preceding paper) it was shown that silver-plated copper turnings had a pronounced 
beneficial effect on the fluorination of hydrocarbons (see also Cady et al., Ind. Eng. Chem., 1947, 
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89, 290). The moderating influence of copper gauzes on the reaction between fluorine and 
organic compounds at relatively low temperatures was first noted by Fedenhagen and 
Cadenbach (Ber., 1934, 67, 928) and later applied extensively by Bigelow and his co-workers 
(see, e.g., J. Amer. Chem. Soc., 1941, 63, 2792); all these experiments, however, were 
characterised by the low yields and extensive decomposition of the products. 

Recent studies have established, however, the surprising fact that the yields of fluoro- 
carbons are greatly improved by fluorinating the hydrocarbons at comparatively high 
temperatures (200—300°) in the presence of a large metal surface. This work shows that the 
conversion of hydrocarbons into the corresponding fluorocarbons by direct fluorination at 
these higher temperatures is facilitated, not only by copper and silver, but also by other 
transitional elements. In the experiments reported herein benzene was used as the standard 
substance in order to ascertain the relative effectiveness of the catalysts. Gold-plated copper 
turnings were the most effective catalyst in the production of perfluorocyclohexane and were 
later put to extensive use. Cobalt approached gold closely as a catalyst; silver, nickel, copper, 
and brass were next best, whilst mercury, chromium, rhodium, and iron were much inferior. 

It is important that the metal catalyst be plated on a metal, such as nickel or copper, 
relatively inert to fluorine. This is especially desirable if the catalyst gives a porous, and not 
a particularly strongly adhering, fluoride, otherwise swelling occurs during the transformation 
of the metal into the fluoride; this may result in channelling or even complete blockage of the 
reaction vessel, as occurred when an attempt was made to utilise silver turnings. 


EXPERIMENTAL. 


The apparatus was identical with that used in our initial experiments (see preceding paper and 
Cady et al.,.Ind. Eng. Chem., 1947, 39, 290). The reactor was charged with copper turnings (ca. 4 kg.) 
on which the catalyst was plated (electrically). With certain metals such as chromium and rhodium, 
it was somewhat difficult to plate the turnings; in these cases, the catalyst was plated on fine copper 
wire. The standard substance used in all experiments was benzene (thiophen-free). Reaction 
conditions for each catalyst were kept as near constant as possible. Thus, in almost every experiment, 
the fluorine was diluted with about 101. of nitrogen per hour, while the benzene was carried into the 
reactor by nitrogen flowing at the same rate. If equal dilutions of fluorine and benzene with nitrogen 
could not be maintained, the volume of nitrogen diluting one of the reactants (usually fluorine) was 
altered so that the total dilution was approximately the same in each experiment. The volume of 
fluorine was adjusted by altering the current passing through the cell (current efficiency, 65%), so that 
approximately the theoretical amount required to convert the benzene into hexafluorocyclohexane was 
added. By keeping these factors (input of fluorine, benzene, and nitrogen) as nearly constant as possible, 
and by carrying out experiments on each catalyst at 3 different temperatures (210°, 265°, and 310°), 
it was felt that reasonably accurate estimates of their catalytic activity could be deduced. It is very 
probable that, by variation of all the different factors involved, better yields of hexafluorocyclohexane 
could be obtained, but it is believed that the relative catalytic powers would not be altered to any great 
extent. 

Before performing a series of experiments, the apparatus was tested for leaks by introducing benzene 
into the reactor in a stream of nitrogen. It was found that, under optimum conditions, for every 
20 c.c. leaving the reservoir, 18 c.c. could be collected in the U-tubes. When the vapour left in the 
apparatus and slight losses in the scrubber were allowed for, this was thought to be quite reasonable. 
In any case, since these standard conditions held for each experiment, such a loss, if constant, is of no 
importance in the consideration of relative results. 

In every case the products in the U-tubes and traps A and B were combined, dried (P,O;), and 
fractionated. The results were calculated from the yield of crude perfluorocyclohexane isolated by this 
one fractionation. 


The authors thank Professor Sir Norman Haworth, F.R.S., for his interest in this work, and the 
Director-General of Scientific Research for permission to publish. 
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638. Cyanamides. Part II. The Influence of Substituents in the 
Synthesis of Arylsulphonylarylcyanamides. 
By FREDERICK KURZER. 


A series of arylsulphonylarylcyanamides has been prepared from arylureas by the general 
method described in Part I (this vol., p. 1034). The velocity of cyanamide formation, 
compared approximately by the yield of product obtained under standard conditions, was not 
appreciably influenced by the presence of methyl, phenyl, ethoxy-, or halogen substituents in 
the arylurea, but was affec noticeably by the choice of the arylsulphonyl chloride. _A 
further hydrolytic fission of sulphonylcyanamides has been examined. 


It was shown in Part I of this series (this vol., p. 1034) that condensation of arylureas and 
aromatic sulphonyl chlorides in pyridine under restrained conditions does not yield aryl- 
sulphonylarylureas, but occurs with simultaneous dehydration and results in the formation 
of arylsulphonylarylcyanamides (II) in good yield. In marked contrast, arylureas react with 
aromatic carboxyl chlorides under analogous conditions to produce the expected arylacyl- 
arylureas, ArNH*CO-NH-COAr’, without difficulty (Beckmann and Koster, Amnnalen, 1893, 
274, 28; Walther and Wlodkowski, J. pr. Chem., 1899, 59, 271). The action of sulphonyl 
chlorides on urea itself, first shown by Remsen and Garner (Amer. Chem. J., 1901, 25, 175) to 


® e 

give amidinourea sulphonates NH,°CO*NH°C(°-NH,)*NH,}ArSO,, has recently been claimed to 
yield sulphonylureas, ArSO,*NH-CO-NH,, provided that the reaction temperatures are carefully 
controlled (Swiss P. 224,070). 

Arylsulphonylarylcyanamides (II) were first prepared by the action of cyanogen bromide 
on arylsulphonanilides (III) in the presence of alkali (von Braun, Ber., 1904, 37, 2809). The 
reaction, which was reported to occur only slowly with sulphonamides derived from aliphatic 
amines, failed entirely with arylsulphonanilides containing.substituents in the ortho-position 
of ring A. In the present investigation a series of 46 sulphonylcyanamides of type (II) was 
prepared by the general method described in Part I (loc. cit.) in order to obtain further 
information on the general applicability of this reaction and the influence of substituents on 
its course. By performing the synthesis under carefully controlled standard conditions, the 
yield of product obtained could be taken as an approximate measure of the influence of 
structural changes on the relative ease of the formation of the desired compounds. By 
preparing arylsulphonylarylcyanamides from substituted phenylureas (I) containing either a 
methyl, phenyl, ethoxy-, or bromo-group in the ortho-, meta-, or para-position to the ureido- 
grouping, a series of cyanamides (II) with these substituents in positions 2, 3, or 4 was obtained. 

~ ON, , Cd sob. 2 bsoonls 
4 Vb oe + NE yCOME 4 —_> “q 8 rik 4 4 ——— «4 BAO, NH a? 


™ (IL) CN n>! O83 


An examination of the yields obtained under standard conditions in these experiments 
reveals that the formation of cyanamides was not appreciably affected by the presence of the 
selected substituents, irrespective of their position, in the arylurea, but was influenced 
noticeably by the choice of the sulphonyl chloride employed. It is seen from the Table that, 
regardless of the presence of substituents in ring a, benzenesulphonylarylcyanamides were 
almost invariably obtained in 70—80% yields. Similarly, 60—70% and 40—50% conversion 
appeared to be the rule with toluene-p-, and toluene-o-sulphonyl chlorides, respectively, whilst 
the yields of m-nitrobenzenesulphonylarylcyanamides were somewhat more variable. The 
marked reduction in the yields resulting when a methyl group in ring B is moved from position 4’ 
to position 2’ suggests the operation of steric factors, since polar effects would not be expected 
to cause quantitative differences of the order of magnitude now recorded. This observation 
contrasts strongly with the behaviour of substituents in ring a, where the presence of larger 
substituents (e.g., a phenyl group, cf. diphenylylcyanamides) appears not to retard cyanamide 
formation by steric hindrance. 

Arylsulphonylarylcyanamides ‘substituted in position 2, previously reported to be 
unobtainable by the action of cyanogen bromide on the corresponding sulphonanilides (III) 
(von Braun, loc. cit.) are readily available by the present synthesis. The exceptionally low 
yields of cyanamides obtained from o-halogenophenylureas are caused by the formation of 
polymeric products; the reaction is described in detail in the subsequent paper. 
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A further hydrolytic reaction of sulphonylcyanamides prepared by the above method has 
been examined. Toluene-p-sulphonylphenylcyanamide is not attacked by acetic anhydride 
at 100°, but a slow fission of the molecule in two distinct ways occurs on prolonged boiling of 
the solution, giving a mixture of varying quantities of toluene-p-sulphonanilide, phenylurea, 
and carbanilide (cf? Part I, loc. cit.); the last two products are no doubt formed from the 
intermediate phenylcyanamide. It has now been found that arylsulphonylarylcyanamides, 
when heated under reflux for short periods with an aliphatic acid anhydride in the presence of 
a few drops of concentrated sulphuric acid, yield N-acylsulphonanilides (VI) almost 
quantitatively. Thus, for example, acetic or propionic anhydride with toluene-p-sulphony)l- 
phenylcyanamide gave N-acetyl- and N-propionyl-toluene-p-sulphonanilide, respectively, 
N-Acylbenzenesulphonanilides have previously been prepared by the interaction of the sodium 
salt of benzenesulphonanilide with acid anhydrides (Wheeler, Smith, and Warren, 
Amer. Chem. J., 1897, 19, 760) and were identical with specimens prepared as above from the 
appropriate sulphonylcyanamide. The reaction probably involves the intermediate formation 
of the sulphonanilide (IV), as this is isolated in the absence of sulphuric acid, immediately 
followed by acylation. The ready acetylation of sulphonanilides under the present conditions 
has been previously observed (Reverdin, Helv. Chim. Acta, 1930, 13, 696). 


(R’-CO),0 (R”-CO),0 
R-‘SO,NH-R’ <——— R-SO,NR“CN —{>> [RSO,NHR] 
(IV.) (II.) is (IV.) 


| econo 


R-‘SO,H + [R“NH:CN] (V.) _R-SO,*NR““CO-R” 
(VI.) 
R“NH-CO-NH, (R’-NH),CO 


The arylureas required in this work were prepared in excellent yield by the action of excess 
of sodium cyanate (2 moles) on the corresponding aromatic amine (1 mole) in acetic acid of 
suitable concentration. This convenient method appears to be an improvement over previous 


syntheses of 2- and 4-diphenylylureas from the diphenylyl isocyanate and ammonia (Van 
Gelderen, Rec. Trav. chim., 1933, 52, 976; Morgan and Walls, J., 1932, 2225). 


EXPERIMENTAL. 
M. p.s are uncorrected. Analyses are by Drs. Weiler and Strauss. 


Arylsulphonylarylcyanamides.—Forty-six compounds (see Table) were prepared by the following 
general procedure. A solution or suspension of the substituted arylurea (0-05 mol.) in pyridine (40 ml.) 
was treated with the appropriate sulphonyl] chloride (0-15 mol.) in 2 portions. The temperature of the 
reaction mixture rose rapidly but was maintained below 60° by external cooling if necessary. After 
12—15 minutes, during which the orange liquid was ailowed to cool spontaneously, the whole was 
slowly poured, with stirring, into ice-water (400 ml.) whereupon the crude cyanamide separated as an 
oil which generally solidified rapidly on being stirred (see, however, the Table, footnotes 3 and 4). The 
wer eet was filtered, finely ground, and washed successively with hydrochloric acid, dilute sodium 

ydroxide solution, and water. Purification with carbon and 3 crystallisation from acetone—ethanol- 
water (approx. 1-5 ml., 6 ml., and 1 ml., respectively, per g. of crude material) gave the pure sulphonyl- 
cyanamide. 

N-Acetylbenzenesulphonanilide.—A solution of benzenesulphonylphenylcyanamide (6 g.) in acetic 
anhydride (50 ml.) was treated with concentrated sulphuric acid (6 drops) and heated under reflux for 
2 hours. On slowly tarps | the dark-brown liquid into ice-water (300 ml.) a black pitch-like material 
separated, which solidified to a brittle amorphous material when kept overnight. On prolonged heating 
of the alcoholic solution (60 ml.) with charcoal, filtering, and cooling, a pale yellow crystalline material 
(5-2 g., 80%) was obtained, which gave, after 2 crystallisations from ethanol, colourless lustrous needles 
3 alien m. p. 117—118° (Found: C, 61:3; H, 4:8. Calc. for C,,H,,;0,NS: 

, 61-1; H, 4-7%). 

N-Propionylbenzenesulphonanilide.—This, similarly prepared from benzenesulphonylphenylcyanamide 

t g.) and ie ory anhydride (12 ml.) in the presence of sulphuric acid, formed blades, m. p. 117—118° 
Found: C, 62-4; H, 4-9. Calc. for C,,H,,O,NS: C, 62:3; H, 5-2%). 

N-Acetyltoluene-p-sulphonanilide.—A solution of toluene-p-sulphonylphenylcyanamide (6 g.) in 
acetic anhydride (40 ml.) containing concentrated sulphuric acid (6 drops) was boiled for 2 hours. The 
dark brown brittle solid (4-9 g., 76%) obtained on pouring the liquid into ice—-water (200 ml.) was 
crystallised twice from ethanol (60 and 50 ml., respectively) and gave colourless needles of N-acetyl- 
toluene-p-sulphonanilide, m. p. 154—155° (Found: C, 61-8; H, 4:8; N, 4:75; S, 10-8. Calc. for 
a 7 a C, 62-3; H, 5-2; N, 4-8; S, 11-1%) (Chaplin and Hunter, J., 1937, 1114, report m. p. 

49—150°). 

N-Propionyltoluene-p-sulphonanilide.—A solution of toluene-p-sulphonylphenylcyanamide (5 g.) in 
propionic anhydride (40 ml.) was treated with sulphuric acid (6 drops) and heated under reflux for 





i iewOorwan =v" 


[1949] Kurzer: Cyanamides. Part III. 3033 


1} hours. The dark liquid was poured into ice-water and gave a deep-brown oil which solidified when 
kept for 24 hours. Purification of its alcoholic solution with carbon, and 2 crystallisations from ethanol 
gave elongated prisms of N-propionyltoluene-p-sulphonanilide, m. p. 143—144° (Found: C, 63-0; H, 
5-3; N, 4:5; S, 10-5. C,,H,,O,NS requires C, 63-4; H, 5-6; N, 4-6; S, 10-6%). 

N-Acetylbenzenesulphon-p-anisidide—This was prepared by heating ey ee 1-p-methoxy- 
phenylcyanamide (5 g.), acetic anhydride (50 ml.), and concentrated sulphuric acid (8 4 under reflux, 
and isolating the product as before. Crystallisation from ethanol gave colourless flat needles of 
N-acetylbenzenesulphonanisidide, m. p. 145—146° (85%) (Found: C, 58-8; H, 4-8; N, 4-7; S, 10-2. 
Calc. for C,s;H,;0,NS: C, 59-0; H, 4-9; N, 4-95; S, 10-56%). No depression in m. p. was observed on 
admixture with a specimen prepared according to Reverdin (Joc. cit.). 

N-Acetyl-p-toluenesulphon-p-phenetidide.—This was obtained by the same procedure from toluene-p- 
sulphooviy Th henylcyanamide (31-6 g.), acetic anhydride (320 ml.) and concentrated sulphuric 
acid (2 ml.). The dark brown crude product gave, on decolorisation and 2 crystallisations from ethanol 
350 ml. and 250 ml., respectively), white lustrous plates of N-acetyltoluene-p-sulphon-p-phenetidide 
28 g., 84%), m. p. 151—152° (Found: C, 61-1; , &7; N, 4:7. Calc. for C,,H,,O,NS: C, 61-3; 
H, 5:7; N, 42%). 

2-Diphenylylurea.—To a cooled solution of 2-aminodiphenyl (42 g., 0-25 mol.) in acetic acid (1 1; 
50% v/v) sodium cyanate (33 g., 0-5 mol.) was added with mechanical stirring during 4 hour. The 
gradual separation of 2-diphenylylurea, accompanied by a slow rise in temperature to 35°, was completed 
by setting the reaction mixture aside overnight. The product, m. p. 158—160° (48 g., 90%), forming 
white micro-crystalline prisms, was satisfactory for conversion into the sulphonylcyanamides. 
Recrystallisation from ethanol gave plates, m. p. 160—161°. 

4-Diphenylylurea.—A solution of 4-aminodiphenyl (56 g., 0-33 mol.) in acetic acid (800 ml.; 
60% v/v) at 60° was treated, with vigorous stirring, in one portion, with a suspension of sodium cyanate 
(43 g., 0-66 mol.) in water (120 ml.). The product separated immediately as a finely divided precipitate ; 
after a short time, it was filtered off under reduced pressure using a large funnel (12’’ diameter), washed 
by successive suspension, at 60°, in dilute hydrochloric acid (1% w/v; 11.) and water (1 1), filtered, 
and dried (yield: 54 g., 76%). Crystallisation by dissolution in a large volume of acetone (20 ml. 
per c.c.), treatment with charcoal, and evaporation of the pale yellow filtrate to approx. half its volume 
gave short, prismatic, minute needles of 4-diphenylylurea, m. p. 198—200° (determined by insertion 
into the bath at 200°) (Found: C, 73-4; H, 5-5; N, 13-1. Calc. for C,;H,,ON,: C, 73-6; H, 5-7; 
N, 13-2%). The reported m. p. [250° (decomp.)] (Van Gelderen, Joc. cit.) is due to the formation of the 
symmetrical di-4-diphenylylurea, which occurs rapidly on heating 4-diphenylylurea above its m. p. 
(cf. Kurzer, this vol., p. 2292). 


The author gratefully acknowledges the help and advice given by Professor H. Burton throughout 
this work. 
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639. Cyanamides. Part III. The Formation of Substituted Triazines 
from o-Halogenophenylureas and Arylsulphonyl Chlorides. 


By FREDERICK KURZER. 


The interaction of o-halogenophenylureas and arylsulphonyl chlorides yields, in addition 
to the expected arylsulphonylarylcyanamides, varying quantities of the appropriate substituted 
melamines, produced by polymerisation. Under suitable conditions the trimers may become 
the main products of the reaction. A readily realised, novel dehydration of 1 : 1-diarylureas 
to the ee diarylcyanamides by the action of aromatic sulphonyl chlorides is also 
reported. 

The significance of these results is discussed with reference to the mechanism of the reaction. 


THE polymerisation of cyanogen derivatives, particularly to trimers containing the 1 : 3: 5-tri- 
azine ring-system, is a well known reaction. Whilst cyanamide is readily condensed to 
cyanoguanidine under a variety of conditions, the action of heat on cyanamide or its dimer under 
pressure produces the trimer, melamine (Drechsel, J. pr. Chem., 1875, 11, 302; 1876, 13, 331; 
B.PP. 525,185 and 598,533; U.S.P. 2,161,940). Owing to the occurrence of tautomerism, 
cyanuric acid and its amide (melamine) (I or II; R’ = H) exist in only one form; physical 
evidence suggests the predominance of the amide (I; R’ = H) rather than the imide structure 
(II; R’ =H) (Lonsdale e¢ al., Proc. Roy.-Soc., 1940, A, 177, 140). Melamine derivatives 
containing alkyl, aryl, or other suitable groups, however, form two distinct series of compounds, 
depending on the position of the substituents in the molecule. isoMelamines (II) contain 
substituents attached to the nitrogen atoms of the triazine nucleus, whilst the presence of 
substituents in extranuclear nitrogen atoms gives rise to the normal series (I). Trialkyl- or 
triaryl-isomelamines are almost invariably synthesised by the thermal polymerisation of the 
appropriate cyanamides (Hofmann, Ber., 1869, 2, 602; 1885, 18, 2784, 3223; Heller and Bauer, 
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J. pr. Chem., 1902, 65, 374). A convenient route to melamines is available by the interaction 
of primary or secondary amines with cyanuric halides, which are in their turn obtained by the 
trimerisation of the monomeric cyanogen halides (Friess, Ber., 1886, 19, 244, 2057; von Meyer 
and Nabe, J. pr. Chem., 1910, 82, 531). 

It has now been found that the interaction of certain substituted arylureas with aromatic 
sulphonyl chlorides produces, in addition to the expected arylsulphonylarylcyanamides (see 
Parts I and II) varying quantities of substituted triazines of type (I). The formation of such 
melamine derivatives appears to occur particularly readily with o-halogenophenylureas : thus, 
reaction in pyridine under the usual conditions between o-bromophenylurea and benzenesulphonyl 
chloride, toluene-p-sulphonyl chloride, or toluene-o-sulphonyl chloride, gave abnormally low 
yields of the appropriate o-bromophenylcyanamides (III; R’ = o-C,H,Br), whilst tri-o-bromo- 
phenylmelamine, m. p. 188—189° (I; R’ = o-C,H,Br), was isolated in 46, 40, and 25% yield, 
respectively. The interaction of arylsulphonyl chlorides with o-chlorophenylurea occurred 
more slowly and was therefore carried out with advantage at slightly higher temperatures. In 
addition to small quantities of unchanged o-chlorophenylurea, varying yields of sulphonyl-o- 
chlorophenylcyanamides, and of tri-o-chlorophenylmelamine, m. p. 165—166° (I; R’ = o-C,H,Cl), 
were obtained. Owing to the solubility differences of the sulphonylcyanamides and triazines 
formed in these reactions, their separation was effected without difficulty. Under suitable 
conditions the triazine could be made to become the main product in this reaction. Thus, the 
interaction of o-bromophenylurea and toluene-p-sulphonyl chloride at 90° for 15 minutes gave 
a 65% yield of tri-o-bromophenylmelamine, but only a trace of the expected sulphonylcyanamide 
was isolated. 

The triazines obtained in the above reaction were characterised by comparison with melamines 
synthesised from cyanuric bromide and the appropriate aniline in benzene solution. Apart from 
determinations of molecular weights, mixed melting points, etc., further proof of the identity 
of the products obtained from o-halogenophenylureas with the authentic melamines from 
cyanuric bromide was obtained by a comparison of their ultra-violet absorption spectra. The 
table (p. 3035) illlustrates the identity of the substances concerned. 

The formation of triazines during the interaction of arylureas and aromatic sulphonyl 
chlorides appears to depend on the presence of suitable substituents in the arylurea selected, and 
on the conditions of the reaction : of sixteen urea derivatives examined under identical conditions, 
only o-halogenophenylureas gave appreciable yields of trimers under the mild conditions 
employed. Thus, for example, phenylurea and arylsulphony]l chlorides at higher temperatures, 
which were observed to favour melamine formation in the case of o-halogenophenylureas, did not 
give significant quantities of triazines. 

The above results have occasioned an examination of the polymerisation of o-halogenophenyl- 
cyanamides. The trimerisation of arylcyanamides has previously been investigated in a number 
of cases, when formation of isomelamines, formulated as (II) because of their conversion into 
triarylisocyanuric acids (IV), was observed (e.g., Hofmann, Joc. cit.). 0-Chlorophenylcyanamide 


R’‘SO,Cl + NH,°CO-NHR’ 


[R-SO,-O-C(:NH)*NHR’] 
(VIIL.) 
| R’-NH-CS:NH, 


N 
R-‘SO,H + (R“NH-CN] | 


(IX.) . 3R’-NH-CN 


| ang | (IX.) 


nek sain, Oe? (CNBr), + 3NH,R’ 





(I.) 
R’ = o-C,H,Cl, or 0-C,H,Br 


was prepared by the removal of the elements of hydrogen sulphide from the corresponding 
thiourea (Rathke, Ber., 1879, 12, 772; Krall e¢ al., J. Indian Chem. Soc., 1942, 19, 343; 1946, 
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23, 373). In contrast to p-tolyl- and p-chlorophenyl-cyanamide, which undergo polymerisation 
completely at ordinary temperatures within 3—7 days (Krall, oc. cit.), o-chlorophenylcyanamide 
did not trimerise in the solid state, or in benzene solution, on storage at temperatures between 
20° and 30° for several weeks. Short heating at 100° gave a brittle glass-like material, from 
which tri-o-chlorophenylisomelamine, m. p. 260—262° (II; R’ = o-C,H,Cl), and smaller quantities 
of tri-o-chlorophenylmelamine, m. p. 164—167°, were isolated. Similarly, thermal trimerisation 
of o-bromophenylcyanamide gave tri-o-bromophenylisomelamine, m. p. 266—268°, (II; R’ = 
o-C,H,Br), together with tri-o-bromophenylmelamine, m. p. 189—190°. The identity of the 
melamines thus obtained with the authentic compounds was again confirmed by the examination 
of their ultra-violet absorption spectra (see Table). For comparison, light-absorption data were 
also determined for the corresponding isomelamines. 
Maximum I Maximum II 


Tri-o-chlorophenylmelamine from : M.p. Amex.(mp.). E}%,. Amex.(mp.). El%,. 
cyanuric bromide and o-chloroaniline 272 278 
o-chlorophenylurea and R°SO,Cl 271 277 
o-chlorophenylcyanamide, trimerised 271 278 

Tri-o-bromophenylmelamine from : 
cyanuric bromide and o-bromoaniline 270 276 
o-bromophenylurea and R-SO,Cl 270 277 
o-bromophenylcyanamide, trimerised ... 270 277 

Tri-o-chlorophenylisomelamine 247 

Tri-o-bromophen ylisomelamine 266—268 242 —_— 


* Owing to the very limited solubility of the isomelamines in the usual organic solvents, the 
intensities could not be accurately measured. 





The interaction of asymmetrical 1 : 1-diarylureas (V) with aromatic sulphony] chlorides has 
been found to afford an excellent route to diarylcyanamides (VII). 1: 1-Diphenylurea, heated in 
pyridine with benzene- or toluene-p-sulphonyl] chloride at 100° for short periods, gave almost 
theoretical quantities of diphenylcyanamide, also obtained in satisfactory yields by merely 
storing the reactants at room temperature. Diphenylcyanamide has previously been prepared 
from 1: 1-diphenylthiourea (Werner, Chem. News, 1892, 65, 249), and by the interaction of 
diphenylamine and cyanogen bromide under pressure (von Braun, Ber., 1900, 38, 1450). The 
present synthesis, apart from being a very convenient method from the preparative point of 
view, is of importance with regard to the reaction mechanism of the action of sulphony] chlorides 


on arylureas (see below). As was to be expected, s-diarylureas did not react under the mild 
conditions of this synthesis. 


Ar,N-CO-NH, sna [Ar,N-C(°NH)°O-SO,R] ——> R’‘SO,H + Ar,N-CN 
(V.) (VI.) (VIL.) 

The new results presented have provided additional information on the mechanism of the 
synthesis of substituted sulphonylcyanamides (III) from arylureas and aromatic sulphonyl 
chlorides. The experimental evidence appears to favour a mechanism involving intermediate 
formation of arylcyanamides. Postulation of the intermediate production of sulphonic esters 
(of type VIII) from isoureas explains satisfactorily all observations so far made. 

In their work on amidines, Short e¢ al. (J., 1948, 1514, 1618) adduced reasons for postulating 
the intermediate formation of sulphonyl esters of structure R*C(-NR’)*O-SO,R” from mono- 
substituted amides R*CO*NHR’ and arylsulphonyl chlorides; the great instability of imido- 
sulphonates of type R°C(7NH)-O*SO,R”, however, was shown by unsuccessful attempts to prepare 
N-phenylbenzamidine from benzamide, benzenesulphony] chloride, and aniline, the product of 
the reaction being phenyl cyanide even at low temperatures. It is suggested (cf. Short ef al., 
Chem. and Ind., 1949, 419; Kurzer, ibid., p. 522) that, analogously, the reaction between 
arylureas and sulphonyl chlorides may involve the intermediate formation of highly unstable 
isourea derivatives, R-SO,*O-C(;.NH)-NHR’, which would decompose spontaneously into the 
sulphonic acid and the cyanamide (IX), the latter giving the sulphony] derivative (III) with the 
excess of the sulphonyl chloride present. This mechanism readily explains the formation of 
triazines in these reactions: part of the arylcyanamide arising from the unstable isourea 
compound (VIII) may polymerise before interaction with the excess of sulphonyl chloride, 
yielding the substituted melamine (I), The synthesis of diarylcyanamides from 1 : 1-diarylureas 
is also accounted for by postulating the intermediate existence of the unstable imido-sulphonate 
(VI): the disubstituted cyanamide (VII) cannot, of course, react with the excess of sulphonyl 
chloride and is readily isolated in theoretical yield. A mechanism involving intermediate 
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formation of arylsulphonylarylureas, on the other hand, justifies the expectation that a 
diarylsulphonylurea, Ph,N-CO*-NH’SO,R, would result, since loss of water is not possible in this 
case. 
The present mechanism also accounts for the fact that, in contrast to arylureas, ethylisourea 
and arylguanidines react with sulphony] chlorides to yield the expected sulphony!] derivatives 
(Cox and Raymond, J. Amer. Chem. Soc., 1941, 68, 300; Marshall et al., Johns Hopkins Hosp, 
Bull., 1940, 67, 163; Backer and Moed, Rec. Trav. chim., 1947, 66, 335), In neither case is the 
formation of the unstable intermediate of type (VIII) possible, and normal formation of 
sulphony] derivatives is observed. 

The observations now reported appear to provide strong support for the view that 
arylcyanamides occur, at some stage, as intermediate products in this reaction. The work of 
Short e¢ al. on amidines, together with the above results, provide indirect evidence for the 
correctness of a mechanism involving the formation of labile sulphony] esters (VIII) of isourea. 
Experiments now in progress should provide further relevant results. 


EXPERIMENTAL, 


M.p.s are uncorrected. Analyses are by Drs. Weiler and Strauss, Oxford. Experimental conditions 
recorded are in each case the best of several tried. 


Tri-o-bromophenylmelamine.—(a) Using benzenesulphonyl chloride. To a solution of o-bromo- 
phenylurea (10-75 g., 0-05 mol.) in pyridine (45 ml.) at 30°, benzenesulphony]l chloride (26-5 g., 0-15 mol.) 
was added in one portion. The dark reddish liquid, the temperature of which rose rapidly to 60°, was 
set aside for 12 minutes. It was then slowly stirred into ice-water (400 ml.) containing hydrochloric 
acid (10 ml.) and gave a dark-orange oil that solidified partly on storage. The material was extracted 
with warm chloroform (150, 120, and 100 ml.), and the collected extracts washed successively with 
sodium hydroxide solution (5%; 2 x 100 ml.; see extracts A), dilute hydrochloric acid, and water until 
neutral. The semi-solid mass obtained on removal of the solvent was roughly separated into the 
sulphonylcyanamide and the trimer by brief heating under reflux with acetone (50 ml.) and cooling to 
room temperature. The sparingly soluble melamine, forming a white granular solid, was filtered off and 
washed with acetone (giving filtrate B) (weight of dried residue 4-5 g., 46%). Twocrystallisations from 
chloroform-ethanol (approx. 10 and 20 ml., respectively, per g. of crude material) gave white silky 
needles of tri-o-bromophenylmelamine, m. p. 188—189° [Found : C, 43-6; H, 2-6; N, 14-1; Br, — 
M (Rast), 530 and 550. C,,H,,N,Br, requires C, 42-7; H, 2-5; N, 14-2; Br, 40-6%; M, 591), soluble 
in glacial acetic acid, benzene, hot chloroform, sparingly soluble in acetone and ethanol, and almost 
insoluble in water and alkalis. 

The acetone filtrate B was diluted with ethanol, and further small quantities of the trimer separating 
out on storage were filtered off. The solvent was removed in a vacuum, and the residual orange oil 
dissolved in ethanol (25 ml.) and boiled with carbon for 15 minutes. The deep-yellow filtrate deposited 
lustrous prisms of benzenesulphonyl-o-bromophenylcyanamide, m. p. 94—95° (3-1 g., 19%). The 
alkaline washing liquids A gave, on acidification with hydrochloric acid, a small quantity of unidentified 
white precipitate (0-5 g.). 

When the above reactants were allowed to interact within a higher temperature range (60—90°) and 
were maintained at 90° for 15 minutes, higher yields (62%) of tri-o-bromophenylmelamine were obtained, 
but only traces of crystalline sulphonylcyanamide could be isolated from the oily acetone-soluble fraction. 

(b) Using toluene-p-sulphonyl chloride. A solution of o-bromophenylurea (10-75 g.; 0-05 mol.) in 
pyridine (60 ml.) was treated with toluene-p-sulphonyl chloride (28-6 g., 0-15 mol.). The temperature 
rose to 105°, and the resulting dark red liquid was poured, after 15 minutes, into ice-water (400 ml.). 
The green semi-solid product was worked up as previously described and gave silky needles of tri-o- 
bromophenylmelamine (3-9 g., 40%), m. Pp 188—189°, undepressed on admixture with material prepared 
by method (a) (Found: C, 42-9; H, 2.45%). Thgacetone-soluble fraction gave compact lustrous prisms 
of toluene-p-sulphonyl-o-bromophenylcyanamide, m. p. 111—112° (5-2 g., 30%). 

(c) Tri-o-bromophenylmelamine was also obtained in 25% yield from o-bromophenylurea and toluene- 
o-sulphony] chloride as described in (a). 

(d) From cyanuric bromide. Toa solution of o-bromoaniline (5-2 g., 0-03 mol.) in anhydrous benzene 
(100 ml.), cyanuric bromide (1-6 g., 0-005 mol.) (Ponomarew, Ber., 1885, 18, 3261) was added, and the 
suspension was heated under reflux for 1 hour. Theseparated o-bromoaniline hydrobromide was removed 
by filtration, and the benzene filtrate evaporated ina vacuum. The residual orange oil was taken up in 
chloroform (12 ml.), and the solution decanted from a further small quantity of amine hydrobromide and 
diluted with ethanol (24 ml.). On storage and partial spontaneous evaporation, a white granular mass 
separated (m. p. 180—184°; 2-55 g., 87%) which gave, on crystallisation from chloroform-ethanol, 
si needles of tri-o-bromophenylmelamine, m. p. 189—190°, undepressed on admixture with material 
> aha from o-bromophenylurea and arylsulphonyl] chlorides [Found : C, 42-6; H, 2-6%; M (Rast), 
560). 

Tri-o-chlorophenylmelamine.—(a) A solution of o-chlorophenylurea (17 g., 0-1 mol.) in pyridine 
(100 ml.) at 50° was treated with benzenesulphony] chloride (53 g., 0-3 mol.)._ The resulting hot solution 
(85°) was poured, after 20 minutes, into ice—water (400 ml.), and the reaction products were extracted with 
warm chloroform. The combined extracts were washed successively with dilute sodium hydroxide 
solution, hydrochloric acid, and water until neutral, and the dark orange oil obtained after removal of 
the solvent was dissolved in acetone (12 ml.)-ethanol (36 ml.). The granular deposit separating during 
1—2 hours was filtered off (filtrate A) and gave, on crystallisation from chloroform—ethanol (1 : 4), white 
silky tri-o-chlorophenylmelamine, m. p. 165—166° (Found : C, 55-1; H, 3-25; N, 18-0; Cl, 23-4. Calc. 
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for CaF ysN Cle, : C, 55-1; H, 3-3; N, 18-4; Cl, 23-3%) (yield, including material from mother-liquors : 
-» 20— m 

wo filtrate A further small quantities (up to 0-5 g.) of the granular trimer, subsequently separated, 

were first removed. The filtrate gave, on partial spontaneous evaporation, large glass-like prisms of 

benzenesulphonyl-o-chlorophenylcyanamide, m. p. 106—107° (4—4-5 g., 14—15%). Owing to the 

greater solubility of tri-o-chlorophenylmelamine in acetone, separation from the accompanying sulphonyl- 
amide cannot be accomplished by simply heating the mixture with this solvent as for the 

corresponding bromo-compound. 

(b) Interaction of o-chlorophenylurea (0-1 mol.) and toluene-p-sulphonyl chloride (0-3 mol.) in the 
temperature range 40—105° gave considerable quantities of the unchanged urea (almost insoluble in 
chloroform), together with tri-o-chlorophenylmelamine, m. p. 164—165° (10%), and toluene-p-sulphonyl- 
o-chlorophenylcyanamide, m. p. 102—104° (16%). In experiments in which the maximum temperature 
was kept below 35° by external cooling (initial temp., 5°), the original urea was recovered almost 
quantitatively. Tri-o-chlorophenylmelamine has previously been prepared by the interaction of cyanuric 
bromide and o-chloroaniline (von Meyer and Nabe, loc. cit.), m. p. 161° being recorded. 

(c) Interaction of o-chloroaniline and cyanuric bromide (cf. von Meyer and Nabe, Joc. cit.) gave 
tri-o-chlorophenylmelamine, m. p. 164—165° (Found: C, 55-4; H, 3-4%), undepressed on admixture 
with material ee “7 as above. 

o-Chlorophenylthiourea.—A solution of o-chloroaniline (12-75 g., 0-1 mol.) in concentrated hydrochloric 
acid (12 ml., 0-11 mol.) and water (100 ml.) was heated with ammonium thiocyanate (8-4 g.; 0-11 mol.), 
in an evaporating dish on the steam-bath for 1 hour. The liquid, from which a mass of needle-shaped 
crystals had separated, was set aside at room temperature for 2 hours; it was then twice slowly evaporated 
to dryness (time 4—5 hours), and the crystalline residue heated on the steam-bath for 4 hours. The 
suspension of the powdered solid in water (150 ml.) was heated to 80° and then allowed to cool to 30°, 
and the crude product filtered off (yield: 10—11-5 g., 54—62%; m. p. 142—144°). Crystallisation 
from ethanol-acetone—water (3, 1, and 2 ml., respectively, per g.) “tte white crystalline o-chlorophenyl- 
thiourea, m. p. 144—145° (long needles, m. p. 145—146°, from ethanol-ether). Uninterrupted 
evaporation of the initial reaction mixture (see above) tended to give an oily product, from which smaller 
yields were isolated on crystallisation. o-Chlorophenylthiourea has previously been obtained from 
o-chlorophenylisothiocyanate and ammonia (Dyson and George, J., 1924, 125, 1705), and by the inter- 
action of o-chloroaniline hydrochloride with sodium thiocyanate in chlorobenzene (Dalgliesh and Mann, 

., 1945, 900). 

J o-Chlorophenylcyanamide.—To a boiling suspension of o-chlorophenylthiourea (18-7 g., 0-1 mol.) in 
water (150 ml.) at 100°, a boiling solution of potassium hydroxide [56 g. (1 mol.) in 150 ml. of water] was 
added, immediately followed by a hot saturated solution of lead acetate (38 g., 0-1 mol.). The reaction 
mixture was boiled for 6 minutes and then cooled to 0°, and the lead sulphide removed by filtration under 
reduced pressure. On acidification of the colourless filtrate with glacial acetic acid (60 ml.) at 0—5° 
(addition of ice), a white crystalline precipitate of o-chlorophenylcyanamide (12-8 g., 84%) separated, 
forming large lustrous needles, m. p. 104—105°, from benzene-light petroleum (Found: C, 54-9; H, 3-6. 
C,H,N,Cl requires C, 55-1; H, 3-3%). In benzene solution, or in the solid state, the material did not 
polymerise on storage for several weeks at 20—30°. 

Polymerisation of o-Chlorophenylcyanamide.—o-Chlorophenylcyanamide (10 g.), contained in a dish, 
was heated at 100° for l hour. The viscous melt, which solidified to a transparent brittle mass on cooling, 
was finely powdered and dissolved in boiling chloroform (50 ml.). After 5 minutes’ treatment with 
charcoal and filtration, the water-clear filtrate was diluted with ethanol (40 ml.) ; it deposited, on cooling 
and storage, a white micro-crystalline powder, which on recrystallisation (see below) gave tri-o-chloro- 
phenylisomelamine in white minute prisms, m. p. 261—262° [Found: C, 55-0; H, 3-7; N, 17-9; Br, 
238%; M (Rast), 475, 510. C,,H,,N,Cl, requires C, 55-1; H, 3-3; N, 18-4; Cl, 23-39%; M, 458). 

Evaporation of the filtrate to approx. half its bulk gave further quantities of the isomelamine (total 
yield: 3-5—4 g., 35—40%). Tri-o-chlorophenylisomelamine is almost insoluble in acetone, ethanol, 
and benzene; it is readily soluble in acetic acid and dilute hydrochloric acid in the cold and is reprecipitated 
therefrom as a white crystalline powder by alkalis. It can be crystallised by dissolving it (0-5 g.) in 
ethanol (30 ml.) in the presence of concentrated hydrochloric acid (0-3 ml.), followed by adding aqueous 
ammonia dropwise to alkalinity, resulting in the rapid formation of minute prisms on cooling. 

The filtrate, from which the isomelamine had crystallised, was evaporated under reduced pressure, 
and the residual oil dissolved in ethanol (20 ml.). The white granular material obtained on cooling and 
storage was filtered off (filtrate A), washed with hydrochloric acid (1:1; 2 x 10 ml.) to remove small 
quantities of the isomelamine, and crystallised from chloroform-ethanol, giving a silky mass of tri-o- 
chlorophenylmelamine, m. p. 164—167° [Found: C, 54-8; H, 3-4%; M (Rast), 480], undepressed on 
admixture with material prepared from cyanuric bromide. Filtrate A deposited a colourless oil. 

Polymerisation of 0-Bromophenylcyanamide.—Heating o-bromophenylcyanamide (5 g.) at 100° for 
1 hour and then cooling it gave,a brittle mass, which was finely powdered and twice extracted with 
hydrochloric acid (2 x 25 ml.; 10%) at 60°; the extracts were decanted from the insoluble viscous 
residue (A). The acid extracts were filtered with charcoal and made alkaline with aqueous ammonia. 
The white granular precipitate (2-85 g.; m. p. 250—260°) was crystallised from ethanol (25 ml.) with 
successive addition of hydrochloric acid and ammonia as described above and gave minute white prisms 
of tri-o-bromophenylisomelamine, m. p. 266—268° [Found: C, 42-3; H, 2-7; N, 13-8; Br, 40-2%; 
M (Rast), 610. C,,H,,N,Br, requires C, 42-7; H, 2-5; N, 14-2; Br, 40-6%; M, 591). 

The acid-insoluble residue A was crystallised from ethanol (15 ml.); the resulting white granular 
mass was again washed with 10% hydrochloric acid and gave, on crystallisation from chloroform-acetone, 
a silky mass of tri-o-bromophenylmelamine, m. p. 186—189°, undepressed on admixture with material 
prepared from cyanuric bromide. 

Diphenylcyanamide.—(a) A solution of as-diphenylurea (2-12 g., 0-01 mol.) in pyridine (15 ml.) was. 
treated with excess of toluene-p-sulphony] chloride (5-7 g., 0-03 mol.), and the deep-green liquid heated on 
the steam-bath for 2 hours. When the dark orange solution was slowly poured into ice-water (150 ml.), 
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an oil separated which solidified on being stirred (1-9 g., 97%). Crystallisation from acetone-ethanol- 
water gave thin lustrous plates of diphenylcyanamide, m. p. 69—71° (Found : C, 79-7; H, 5-45; N, 14-6, 
Calc. for C;,HyN,: C, 80-4; H, 5-15; N, 14-4%). 

(b) Asolution of as-diphenylurea (2-12 g., 0-01 mol.) and benzenesulphonyl chloride (5-25 g., 0-03 mol.) 
in pyridine (15 ml.), when heated on the steam-bath for 1 hour and worked up as described above, gave 
diphenylcyanamide (90%), m. p. 70—72° (Found: C, 80-15; H, 4-95%). 

(c) Diphenylcyanamide was obtained in smaller yield (64%) when the above reaction mixtures were 
set aside at room temperature for 48 hours. 


The writer is greatly indebted to Professor H. Burton for valuable advice and criticism throughout 
this investigation and gratefully acknowledges a grant from the Research Fund of the Chemical Society, 
and gifts of chemicals from Mr. K. E. Loret of San Francisco. 
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640. Derivatives of 4: 5-Dimethylresorcinol. 


By ALEXANDER ROBERTSON and W. B. WHALLEY. 


In contrast to the behaviour of the analogous resorcinol derivative (III; R = H), 4: 5-di- 
methylresorcinol has been found to give by Gattermann’s method wey, Bale 6-dihydroxy-2 : 3-di- 
methylbenzaldehyde (I; R = R’ = H), the orientation of which has m established. Appli- 
cation of the same reaction to the methyl ester (V; R= H, R’ = Me) gave the formyl 
derivative (VI) which on hydrolysis and decarboxylation yielded 2: 6-dihydroxy-3 : 4-di- 
methylbenzaldehyde (II). 

2 : 6-Dihydroxy-3 : 4: 5-trimethylbenzaldehyde was prepared from 4:5: 6-trimethyl- 
resorcinol and on reduction yielded 2: 4: 5: 6-tetramethylresorcinol. 

Carboxylation of 3:4-dimethylresorcinol has been shown to give the acid (VII; 
R = R’ = 4H). 


In the course of experiments on the synthesis of certain degradation products of citrinin (Brown 
et al., this vol., p. 867) it was observed that the application of the Gattermann aldehyde synthesis 
to the resorcinol derivative (III; R = H) gave rise to a mixture of the two possible isomeric 
aldehydes in which the isomeride (III; R = CHO) unexpectedly predominated. On the other 
hand, Butenandt and Stodola (Annalen, 1939, 539, 40) and Karrer and Schick (Helv. Chim. Acta, 
1943, 26, 800) obtained from the analogous phenol, 4 : 56-dimethylresorcinol, only one product to 
which they allocated the structure (I; R = R’ = H) mainly on the grounds that reduction of 
this aldehyde gave a trimethylresorcinol considered to be identical with the trimethylresorcinol 
prepared by Simons (Amnalen, 1903, 329, 309) who formulated the compound as 4: 5: 6-tri- 
methylresorcinol but did not establish its orientation. In view of the striking contrast in 
the behaviour of the two closely related phenols, 4 : 5-dimethylresorcinol and (III; R = H), in 
the Gattermann reaction, it seemed desirable to re-examine the product obtained from the 
former and to determine the orientation of the aldehyde (I; R = R’ = H) and consequently 
that of the trimethylresorcinol obtained from it on reduction. Accordingly the experiments 
described in this communication were undertaken. 


CHO R bes 


HMe-CH,Me 
(I.) (II.) (III.) (IV.) 


Under standard conditions the application of the Gattermann reaction to 4 : 5-dimethyl- 
resorcinol gave an almost theoretical yield of 4 : 6-dihydroxy-2 : 3-dimethylbenzaldehyde (I; 
R = R’ = H) unaccompanied by detectable amounts of the isomeric 2 : 6-dihydroxy-3 : 4-di- 
methylbenzaldehyde (II). Partial methylation of the compound (I; R = R’ = H) gave rise 
to a monomethyl ether which, since it exhibited a strong ferric reaction and condensed with 
acetophenone to give the flavylium chloride (IV), must have the orientation (I; R = Me, R‘= H). 
On the other hand, partial benzylation of (I; R = R’ = H) furnished the corresponding 
monobenzyl ether (I; R = CH,Ph, R’ = H) which on methylation gave the benzyl methyl ether 
(I; R= CH,Ph; R’ = Me). Debenzylation of the latter ether yielded a monomethyl ether 
which, since it did not give a ferric reaction or form a flavylium salt, must clearly have the 
structure (I; R= H, R’= Me). The formation of two monomethyl ethers having these 
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properties can only arise if the parent aldehyde has the orientation (I; R = R’ = H) and not 
(II) and hence the reduction product of (I; R = R’ = H) is 4: 5: 6-trimethylresorcinol. 


CO,R 

ROZ )OR HOZ ye 

Me COR Me R 
Me e 


(V.) (VII.) 

The aldehyde (II), which could not be obtained directly from 4 : 5-dimethylresorcinol, was 
prepared by the following route. Oxidation of the diacetate (I; R = R’ = Ac) and subsequent 
deacetylation of the product gave rise to 4: 6-dihydroxy-2 : 3-dimethylbenzoic acid and on 
application of the Gattermann reaction to the methyl ester of this acid 2 : 6-dihydroxy-5- 
carbomethoxy-3 : 4-dimethylbenzaldehyde was obtained which with boiling aqueous potassium 
hydroxide underwent simultaneous hydrolysis and decarboxylation, yielding 2 : 6-dihydroxy-3 : 4- 
dimethylbenzaldehyde (II). The latter compound closely resembled the analogous y-resorcyl- 
aldehydes, viz., m-xylorcylaldehyde (Robertson and Robinson, J., 1947, 2196) and 2-(3 : 5-di- 
hydroxy-4-formyl]-2-methylphenyl)butane (III; R = CHO) (Joc. cit.), in having a bright yellow 
colour and in giving a dark green ferric reaction. Further, the view expressed by Brown é¢ al. 
(this vol., p. 859) that the aldehyde obtained from 4-methyl-5-ethylresorcinol is 4 : 6-dihydroxy- 
3-methyl-2-ethylbenzaldehyde finds substantial support in the fact that the properties of this 
compound closely resemble those of the homologous $-aldehyde (I; R = H; R’ = H) and not 
those of the y-aldehyde (II). 

By the standard method 2: 6-dihydroxy-3 : 4 : 5-trimethylbenzaldehyde was prepared from 
4:5: 6-trimethylresorcinol in satisfactory yield and on reduction according to the method of 
Clemmensen gave 2:4: 5: 6-tetramethylresorcinol characterised by the formation of the 
di-p-nitrobenzoate. Like m-xylorcin 4: 5 : 6-trimethylresorcinol failed to undergo the Hoesch 
reaction with methyl cyanide. 

Carboxylation of 4: 5-dimethylresorcinol by the procedure employed for p-orsellinic acid 
(Robertson and Robinson, /oc. cit.) gave 2 : 6-dihydroxy-3 : 4-dimethylbenzoic acid (VII; R= 
R’ = H), m. p. 179° (decomp.), oriented by the fact that its methyl ester furnished a formyl 
derivative (VII; R= sa R’ = Me) which on simultaneous hydrolysis and decarboxylation 
gave rise to 2 : 4-dihydroxy-5 : 6-dimethylbenzaldehyde (I; R= R’ = H). Fromits properties 
and method of preparation it now seems reasonably certain that the acid, m. p. 159—160°, 
described by Koller and Passler (Monatsh., 1930, 56, 131) is 4 : 6-dihydroxy-2 : 3-dimethylbenzoic 
acid and not the isomeride (VII; R = R’ = H). 


EXPERIMENTAL, 


Methyl Ethers of 4: 6-Dihydroxy-2 : 3-dimethylbenzaldehyde.—Prepared in almost quantitative yield 
by the hydrogen chloride—hydrogen cyanide method, 4 : 6-dihydroxy-2 : 3-dimethylbenzaldehyde formed 
— yellow prisms, m. p. 196°, which retained its colour on being sublimed in a high vacuum and gave a 

: 4-dinitrophenylhydrazone forming stout crimson prisms, m. g; 286° (decomp.), from alcohol (Found : 
N, 16-2. C,,H,,O,N, requires N, 16-2%) (compare Butenandt and Stodola, Joc. cit., and Karrer and 
Schick, Joc. cst., who state the — of aldehyde to be ca. 75%). Methylation of the aldehyde (1 g.) with 
potassium carbonate (4 g.) an excess of methy] iodide in boiling acetone (75 ml.) during 10 hours gave 
4: 6-dimethoxy-2 : 3-dimethylbenzaldehyde (I; R = R’ = Me) which formed colourless prisms (1 g.), 
m. p. 128°, from dilute alcohol and had a negative ferric reaction (Found: C, 67-9; H, 7-4. C,,H,O; 
requires C, 68-0; H, 7-2%). The 2: Fn Tg separated from ethyl acetate in tufts of 
bright red needles, m. p. 267° (decomp.) (Found: N, 15-3. C,,H,,0,N, requires N, 15-0%). 

A mixture of 2 : 4-dihydroxy-5 : 6-dimethylbenzaldehyde (2 g.), methyl iodide (2 g.), potassium 
carbonate (4 g.), and acetone (75 ml.) was heated under reflux for 1 hour, filtered, and evaporated. A 
solution of the residue in ether (250 ml.) was extracted with 0-5n-sodium hydroxide (50 ml. x 3) to 
remove unchanged aldehyde and then with 2n-sodium hydroxide (50 ml. x 8) with the addition of 
water as required to dissolve the rather sparingly soluble sodium salt which — during the 
extraction. Acidification of the latter combined extracts with hydrochloric acid gave a colourless 
crystalline precipitate of 6-hydroxy-4-methoxy-2 : 3-dimethylbenzaldehyde (1; R = Me, R’ = H) which, 
on isation from aqueous methanol, was obtained in magnificent, long, colourless prisms (1 g.), 
m. p. 121°, having a reddish-brown ferric reaction in alcohol (Found: C, 66-6; H, 6-8. CH 0; 
requires C, 66-7; H, 6-7%). The 2: 4-dinitrophenylhydrazone separated from ethyl acetate in bright red 
prisms, m. p. 291° (decomp.) (Found: N, 14-9. Cie 16O,N, requires N, 15-6%). On being saturated 
at 0° with hydrogen chloride a solution of this monomethy] ether (0-5 g.) and acetophenone (0-5 g.) in 
ethyl acetate (5 ml.) deposited 7-methoxy-5 : 6-dimethylflavylium chloride during 48 hours, which crystal- 
lised from dilute hydrochloric acid in long, slender, orange-yellow needles, m. p. 179° (decomp.) (Found : 
Cl, 10-8. C,,H,,0,Cl requires Cl, 11-794), 

Monobenzylation of 4 : 6-dihydroxy-2 : 3-dimethylbenzaldehyde (3 g.) was effected with benzyl 
bromide (3-3 g.) and potassium carbonate (6 g.) in boiling acetone (75 nl) during 1 hour; the resulting 
6-hydroxy-4-benzyloxy-2 : 3-dimethylbenzaldehyde (I; R = Bz, R’ = H) separated from dilute alcohol 
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in colourless needles (3 g.), m. p. 85°, having a reddish-brown ferric reaction in alcohol (Found : C, 74-8; 
H, 6-4. C,,H,,O, requires C, 75-0; H, 63%). The 2: 4-dinitrophenylhydrazone formed tiny, bright 
crimson prisms, m. p. 242° (decomp.), from ethyl acetate (Found: N, 13-2. CyeH»O,N, requires N, 
12-8%). Methylation of this monobenzyl ether (2-4 g.) with potassium carbonate (7 g.) and an excess of 
methyl iodide in boiling acetone (75 ml.) during 10 hours ~~ 4-benzyloxy-6-methoxy-2 : 3-dimethyl- 
benzaldehyde (1; R = CH,Ph, R’ = Me) which crystallised from dilute alcohol in colourless needles 
(2-7 g.), m. p. 118°, and had a negative ferric reaction (Found: C, 75-6; H, 6-7. C,,H,,O, requires 
C, 75-6; H, 6-7%). The 2:4-diniirophenylhydrazone formed tiny, bright crimson needles, m. p. 216° 
(decomp.), from ethyl acetate (Found: N, 12-0. C,3H,,0,N, requires N, 12-4%). 

Debenzylation of the mixed ether (1-5 g.) by means of a hot mixture of acetic acid (15 ml.) and 
concentrated hydrochloric acid (10 ml.) on the steam-bath for 10 minutes and subsequent dilution of the 
resulting dark green solution with water (35 ml.) gave a crystalline precipitate of 4-hydroxy-6-methoxy- 
2 : 3-dimethylbenzaldehyde (I; R = H, R’ = Me) (0-5 g.) which separated from benzene—methanol in 
colourless needles, m. p. 253°, having a negative ferric reaction (Found: C, 66-5; H, 6-7. C,.H,,0, 
requires C, 66-7; H, 6-7%). The 2: 4-dinitrophenylhydrazone crystallised from ethyl acetate in slender, 
bright crimson needles, m. p. 270° (decomp.) (Found: N, 15-3. C,gH,,O,N, requires N, 15-6%). 

2 : 6-Dihydroxy-3 : 4-dimethylbenzaldehyde (II).—Acetylation of 4 : 6-dihydroxy-2 : 3-dimethyl- 
benzaldehyde (5 g.) with acetic anhydride (15 ml.) and pyridine (5 g.) on the steam-bath for } hour gave 
rise to 4: 6-diacetoxy-2 : 3-dimethylbenzaldehyde (1; R = R’ = Ac) which formed colourless prisms 
(5-7 g.), m. p. 111°, from aqueous alcohol (Found: C, 62-3; H, 5-7. C,3H,,O, requires C, 62:3; H, 
56%). This diacetate (4 g.), dissolved in acetone (75 ml.), was oxidised by the gradual addition of a 
solution of potassium permanganate (5 g.) in water (150 ml.) during 4 hour. The reaction mixture was 
then kept for } hour, cleared with sulphur dioxide, and treated with an excess of dilute sulphuric acid, 
After the evaporation of the greater part of the acetone in a vacuum the precipitate was collected and 
purified by means of aqueous sodium hydrogen carbonate and then by crystallisation from benzene, giving 
a product consisting of 4: 6-diacetoxy-2 : 3-dimethylbenzoic acid (V; R= Ac, R’ =H) in stout 
colourless prisms (3 g.), m. p. 144°, contaminated with traces of an impurity which appeared to be the 
partly deacetylated compound and could not be economically removed. A specimen of the acid was 
esterified with an excess of ethereal diazomethane, and on repeated crystallisation from benzene-light 
petroleum the product gave methyl 4 : 6-diacetoxy-2 : 3-dimethylbenzoate (V; R= Ac, R’ = Me) in 
massive colourless prisms, m. p. 76° (Found: C, 60-2; H, 5-9. C,,H,,O, requires C, 60-0; H, 5-7%). 

The foregoing 4 : 6-diacetoxy-2 : 3-dimethylbenzoic acid (2 g.) was deacetylated with 10% aqueous 
potassium hydroxide (15 ml.) at room temperature during 2 hours and, on isolation with the aid of ether, 
the resulting 4 : 6-dihydroxy-2 : 3-dimethylbenzoic acid (V; R = R’ = H) separated from water or 
benzene-acetone in colourless needles (1-2 g.), m. p. 163°, exhibiting a reddish-brown ferric reaction in 
alcohol (Found: C, 59-3; H, 5-5. C,H,.O, requires C, 59-3; H, 5-5%). Ethereal diazomethane was 
slowly added to a solution of this acid (5 g.) in ether (100 ml.) until a faint yellow colour persisted and 
5 minutes later the mixture was washed with dilute aqueous sodium hydrogen carbonate, dried, and 
evaporated, leaving a residue which partly crystallised and appeared to retain traces of diazomethane. 
The product was purified by being dissolved in 2N-aqueous ium hydroxide and re-precipitated with 
ice-cold dilute hydrochloric acid and then crystallised from benzene-light petroleum (b. p. 60—80°), 
giving methyl 4 : 6-dihydroxy-2 : 3-dimethylbenzoate (V; R =H; R’ = Me) in colourless needles (4 g,), 
m. p. 126°, which had a violet ferric reaction in alcohol (Found: C, 61-1; H, 6-2. C,H,,0, requires 
C, 61-2; H, 61%). 

A mixture of methyl 4 : 6-dihydroxy-2 : 3-dimethylbenzoate (1 g.), zinc cyanide (1-7 g.), and ether 
(100 ml.) was saturated at 0° with hydrogen chloride and 48 hours later the viscous oil which had separated 
was isolated, washed with ether, and dissolved in water (30 ml.). This solution was almost neutralised 
with —_ ammonia and then heated on the steam-bath for 15 minutes, giving a precipitate of methyl 
2 : 4-dihydroxy-3-formyl-5 : 6-dimethylbenzoate (V1); unchanged ester (0-5 g.) was recovered from the 
combined ethereal liquors. Crystallised from dilute methanol, this aldehydo-ester was obtained in pale 
yellow needles (0-25 g.), having a reddish-brown ferric reaction in alcohol (Found: C, 58-8; H, 5-5. 
C,,H,,0, requires C, 58-9; H, 54%). The 2: 4-dinitrophenylhydrazone separated from a large volume 
of acetic acid or chloroform in tiny bright orange-yellow needles, m. p. 276° (decomp.) (Found: N, 14:1. 
C,,H,,0,N, requires N, 13-9%). 

A mixture of the aldehydo-ester (0-2 g.), water (5 ml.), and potassium hydroxide (0-75 g.) was heated 
under reflux in an atmosphere of nitrogen for 2 hours, cooled, and acidified with concentrated hydrochloric 
acid, and the precipitate recrystallised from benzene-light petroleum (b. p. 60—80°), giving 2 : 6-di- 
hydroxy-3 : 4-dimethylbenzaldehyde (11) (0-15 g.) in stout, yellow prisms, m. p. 140%, readily soluble in 
alcoho] and sparingly soluble in light petroleum (Found: C, 65-2; H, 6-2. C,H,,O, requires C, 65:1; 
H, 60%). This aldehyde, which gave an intense deep-green ferric reaction in alcohol, formed a 2 : 4-di- 
nitrophenylhydrazone which separated from alcohol-ethyl acetate in thick crimson prisms, m. p. 289° 
(decomp.) (Found: N, 15°8.. C,,H,,O,N, requires N, 16-2%). A mixture of this compound and the 
corresponding derivative of 4 : 6-dihydroxy-2 : 3-dimethylbenzaldehyde began to melt at about 260°. 

2 : 6-Dihydroxy-3 : 4 : 5-trimethylbenzaldehyde.—Reduction of 4: 6-dihydroxy-2 : 3-dimethylbenz- 
aldehyde by the method of Clemmensen gave an almost quantitative yield of 4 : 5 : 6-trimethylresorcinol, 
forming colourless prisms, m. p. 165°, from benzene (cf. Butenandt and Stodola, loc. cit., who give m. p. 
162-5—163-5°). The di-p-nitrobenzoate of this phenol separated from much acetic acid in thick, colourless 
prisms, m. p. 249° (Found: C, 61-3; H, 4:1; N, 6-5. C,s3H,,0,N, requires C, 61-3; H, 4-0; N, 6-2%). 

The aldimine hydrochloride formed by the interaction of 4: 5: 6-trimethylresorcinol (1 g.) with 
hydrogen cyanide (5 ml.) and an excess of hydrogen chloride in ether (75 ml.) at 0° was hydrolysed 
with water (50 ml.) on the steam-bath for 4 hour, and the resulting 2 : 6-dihydroxy-3 : 4 : 5-trimethyl- 
benzaldehyde purified from aqueous alcohol, being obtained in slender, rectangular, lemon-yellow prisms, 
m. p. 136°, which gave an intense deep-green ferric reaction in alcohol (Found : C, 66:7; H, 6-8. CoH 4.0, 
requires C, 66-7; H, 6-7%). The 2: 4-dinitrophenylhydrazone —— from acetic acid in bright 
crimson needles, m. p. 288° (decomp.) (Found : N, 14-9. C,,H,,O,N, requires N, 15-6%). 
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A solution of this aldehyde (1-5 g.) in alcohol (20 ml.) was added to boiling 20% hydrochloric acid 
(25 ml.) containing amalgamated zinc (30 g.) during 15 minutes, the mixture was then refluxed for } hour, 
the liquor was decanted, the residual amalgam was washed with a small amount of warm alcohol, and the 
combined liquor and washings were diluted with water (100 ml.), giving a crystalline precipitate 
of 2:4: 5: 6-tetramethylresorcinol which formed colourless feathery needles (1 g.), m. p. 140°, from 
benzene-light petroleum (b. p. 60—80°). Purified from solvents, this phenol had a somewhat 
variable m. p. owing apparently to solvation, but on being sublimed at 140°/0-01 mm. the compound was 
desolvated and obtained in colourless needles, m. p. 157° (Found: C, 72-0; H, 8-7. C, 9H,,O, requires 
C, 72:3; H, 84%). The “it Pe menesemys separated from acetic acid in colourless prisms, m. p. 226° 
(Found: N, 5-9. C,,H,O,N, requires N, 6-0%). 

Methyl 2: 6-Dihydvoxy-5- ‘ormyl-3 : 4-dimethylbenzoate (VII; R = Me; R’ = CHO).—A mixture of 
4: 5-dimethylresorcinol (3 g.), glycerol (25 ml.), and potassium hydrogen carbonate (20 g.) was kept at 
150° for 3 hours and simultaneously a stream of carbon dioxide was bubbled through the hot melt. A 
solution of the cooled reaction mixture in water (250 ml.) was extracted with ether to remove unchanged 

henol and then acidified with hydrochloric acid, giving a precipitate of 2 : 6-dihydroxy-3 : 4-dimethyl- 
oaaie acid (VII; R = R’ = H) which formed colourless needles (3-2 g.), m. p. 179° Aa tnt from 
aqueous acetone and had a sky-blue ferric reaction in alcohol (Found: C, 59-4; H, 5-6. C,Hy»O 
requires C, 59-3; H, 5-5%). Prepared by means of ethereal diazomethane, the methyl ester separated 
from aqueous methanol in thick colourless prisms, m. p. 108°, having a greenish-blue ferric reaction 
in alcohol (Found: C, 61:1; H, 63. C,)H,,0O, requires C, 61:2; H, 6:1%). A solution of this 
ester (1-4 g.) in ether (150 ml.), containing zinc cyanide (2 g.), was saturated at 0° with hydrogen 
chloride, and 24 hours later the crystalline product was collected and hydrolysed with water (75 ml.) 
on the steam-bath during } hour, giving methyl 2: ie es te i ‘ormyl-3 : 4-dimethylbenzoate (VII; 
R = Me, R’ = CHO) which separated from the cooled hydrolysate. ecrystallised from methanol, this 
compound formed colourless needles (1-5 g.), m. p. 148°, having a reddish-brown ferric reaction in alcohol 
(Found: C, 58-7; H, 5-5. C,,H,,0, requires C, 58-9; H, 5-4%). The 2: 4-dinitrophenylhydrazone 
ep eN 1s8%) acetate in bright red needles, m. p. 249° (decomp.) (Found: N, 14:2. C,,H,,0O,N, 

uires N, 13-90%). 

"oe being heated under reflux with a solution of potassium hydroxide (1-75 g.) in water (6 ml.) in an 
atmosphere of nitrogen the foregoing aldehydo-ester (0-5 g.) underwent simultaneous hydrolysis and 
decarboxylation, giving rise to 4 : 6-dihydroxy-2 : 3-dimethylbenzaldehyde which was isolated from the 
cooled and acidified hydrolysate by means of ether and on purification from aqueous methanol had m. p. 
196°, being identical in every way with an authentic specimen. 


UNIVERSITY OF LIVERPOOL. [Received, August 3rd, 1949.] 





641. Marine Algal Cellulose. 
By E. G. V. Percivar and A. G. Ross. 


Algal cellulose, isolated from various species of marine algz, has been shown to be essentially 
the same as cotton cellulose. Hydrolysis with 72% sulphuric acid gave only p-glucose. 
Cellobiose octa-acetate has been prepared by acetolysis, indicating the presence of 1 : 4-f- 
linkages, a fact confirmed by oxidation with sodium periodate. Determinations by potassium 
periodate oxidation indicate a chain length of 160 units but the original cellulose may have 


been degraded during isolation. X-Ray diagrams of algal cellulose show the characteristic 
pattern of normal cellulose. 


THE insoluble residue after the removal of alginic acid from seaweeds was called ‘‘ algic cellulose ” 
by Stanford (J. Soc. Chem. Ind., 1885, 4, 518), and it was assumed by many workers to be identical 
with the cellulose of land plants. Kylin (Z. physiol. Chem.,:1915, 94, 337) showed that it gave 
the colour reaction with iodine and sulphuric acid, and Russell-Wells (Nature, 1934, 133, 651) 
demonstrated its solubility in cuprammonium hydroxide and prepared an acetate. Dillon and 
O’Tuama (Sci. Proc. Roy. Dublin Soc., 1935, 21, 147) obtained a sugar by hydrolysis which yielded 
glucosazone and also showed the absence of mannose. They were also able to prepare a viscose 
and chloroform-soluble acetyl and methyl derivatives. 

These results are indicative of the similarity of algal and land-plant cellulose but no evidence 
has been brought forward showing that the substance is composed entirely of glucose units or 
that the fundamental 1 : 4-6-linkages are present. 

The present investigation has shown that algal cellulose contains no sugar other than D-glucose. 
Celluloses were prepared from Laminaria cloustoni, L. digitata, and Fucus vesiculosus by a modi- 
fication of the A.O.A.C. (‘‘ Methods of Analysis,” Assoc. Off. Agr. Chem., Washington, 1935) 
method for the determination of crude fibre, by successive extractions of the seaweed with 
1:25% solutions of sulphuric acid and sodium hydroxide whereby soluble polysaccharides and 
alginic acid were removed, followed by bleaching with chlorine water and treatment with 
n/10-sodium hydroxide. The material thus obtained contained a small quantity of ash which 
was reduced by dissolution in, and reprecipitation from, cuprammonium hydroxide. 
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The product gave the characteristic blue colour with iodine and zinc chloride and dissolved 
readily in Schweizer’s reagent, the solution thus obtained being used for the determination of 
fluidity (Clibbens and Little, J. Test. Inst., 1936, 27, 285); the value obtained was ca. 40 
reciprocal poises as compared with cotton cellulose (2 reciprocal poises). This difference was 
shown to be due, in part, to degradation during isolation, since cotton cellulose, treated as in the 
extraction, gave a fluidity of 28 reciprocal poises. The extraction of cellulose from the cell wall 
of the pear is also presumed to involve considerable degradation, the chain length of pear-cell- 
wall cellulose as isolated being given as ca. 240 units as against a value of 1030 for cotton cellulose 
(Hirst, Isherwood, Jermyn, and Jones, this vol., p. S 182). 

Hydrolysis to glucose by the method of Monier-Williams (J., 1921, 119, 803) gave 80% of the 
theoretical yield (cf. 88% from cotton cellulose), the glucose being determined both polari- 
metrically and by Somogyi’s method (J. Biol. Chem., 1933, 100, 695) before and after incubation 
of the solution with yeast at 37° (Harding and Selby, Biochem. J., 1931, 25, 1815). The presence 
of glucose was confirmed by the isolation of glucosazone, and no other reducing sugars could be 
detected either in the latter estimation or by the method of paper chromatography. 

Attempts to prepare cellobiose octa-acetate by Haworth and Hirst’s method (jJ., 1921, 119, 
197) were only partly successful owing to the physical condition of the material, but the more 
recent method of Hibbert and Barsha (Canadian J. Res., 1934, 10, 178) gave good results. A 
yield of 31% was obtained, giving strong presumptive evidence of the presence of 1 : 4-6-linkages 
as in cotton cellulose. Oxidation of the cellulose with sodium periodate confirmed this result, 
since 1°02 mols. of periodate were consumed per C,H,,O, unit (constant after .7 days). The 
possibility of the existence of 1 : 3- and 1 : 6-linkages is thus negatived since, in the former case 
none, and in the latter, two molecules of periodate per C,H,,O, unit would be required, apart 
from the requirements of the terminal groups. 

Oxidation with potassium periodate (Brown, Dunstan, Halsall, Hirst, and Jones, Nature, 
1945, 156, 785) and titration of the formic acid produced gave a result corresponding to a chain 
of 160 glucose units. The estimated chain length of cotton cellulose fell from ca. 1000 to 360 
units on treatment as in the original extraction. The possibility that any significant 
numbers of glucose residues are united in the polysaccharide by 1 : 6-linkages is also negatived. 

Through the kindness of Professor W. T. Astbury, the X-ray diagrams of an algal cellulose 
prepared from Laminaria cloustoni and of the material regenerated from it after dissolution in 
cuprammonium hydroxide have been obtained. The former shows the characteristic pattern 
of normal cellulose, and the latter that of “‘ hydrate” cellulose (Percival and Ross, Nature, 
1948, 162, 895). 


EXPERIMENTAL, 


Preparation of Algal Cellulose.—Dried, ground seaweed (7 lb. of Laminaria cloustoni) was soaked 
overnight in sulphuric acid solution (151.; 0-1N.), and the liquid removed by centrifuging. The residue 
was then extracted in the cold for 3 days with sodium carbonate solution (20 1.; 3%), and the crude 
cellulosic residue centrifuged off and washed with water. The very dark green product was then suspended 
in water (3 1.), and chlorine passed in until the material was a dull white, whereupon it was separated and 
washed at the centrifuge. After this product had been warmed on a water-bath for 2 hours with sodium 
sulphite solution (31. ; 3%), sodium hydroxide was added to give a 1% solution, and heating was continued 
for 10 minutes. The product when separated was of a greyish colour, which was not improved by 
rechlorination. Attempts to remove this colour with calcium hypochlorite solution (4-7% at 50°) and 
sodium chlorite solution (0-4% at pH 4 at 60°) were unsuccessful The product was dialysed against 
running water for 2 weeks to remove inorganic material, separated, washed with alcohol, and dried in a 
vacuum. The product which was hard and lumpy contained 15-1% of ash, which was reduced to 7:22% 
by treatment with cold dilute hydrochloric acid, dialysis, and separation as before. The product was 
difficult to break down to a powder but was soluble in Schweizer’s reagent and gave the characteristic 
blue colour with iodine after being allowed to swell in zinc chloride solution. Samples were prepared in 
the same way from L. digitata and Fucus vesiculosus. 

Fluidity in Cuprammonium Solution.—Fluidity measurements by the standard method (Clibbens and 
Little, Joc. cit.), and with allowance for the presence of ash, gave ca. 40 reciprocal poises. A control 
experiment with cotton cellulose gave values of 2 and 28 reciprocal poises before and after treament as in 
the extraction of the algal cellulose. 

Purification of Cellulose.—The crude material was dissolved in cuprammonium solution by shaking the 
mixture overnight, reprecipitated z acidification with hydrochloric acid, separated at the centrifuge, and 
made into a slurry with alcohol; this was evaporated to small bulk; benzene was then added, and the 
evaporation continued to dryness, giving an almost white product which could be ground to a fine 
powder, containing 4-32% of ash. 

Chemical Properties of Cellulose.—All data given are calculated on an ash-free basis. Hydrolysis with 
712% sulphuric acid according to Monier-Williams i ave 80% of the theoretical yield of p-glucose (cf. 
cotton cellulose under the same conditions, 88%). e glucose was determined by weighing, by polari- 
metric measurements, and by determination of reducing power by the Somogyi micro-copper method 


using reagent 50, before and after incubation of the solution with yeast at 37° for 10 minutes. Paper- 
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chromatographic analysis showed the presence of no reducing sugar other than glucose, which confirmed 
the observation that no reducing sugar remained after treatment with yeast, and glucosazone was 
isolated in the usual way. ; 

Attempts were made to prepare cellobiose octa-acetate by Haworth and Hirst’s method (Joc. cst.) from 
the original lumpy product but, owing to the difficulty of dissolving the hard lumps, only a very small 
yield was obtained. On the purified cellulose, Hibbert and Barsha’s method (loc. cit.) gave good 
results. Cellulose (0-238 g.) was treated with a mixture of acetic anhydride (1 c.c.) and concentrated 
sulphuric acid (0-025 c.c.) at 50° for 19 days, the solution being then diluted with glacial acetic acid 
(1-5 c.c.), mixed, and poured into water (70 c.c.). The insoluble product was filtered off, and recrystal- 
lised from alcohol (charcoal) ; yield, 0-83 g. (34%); m.p. 221—222°. A second recrystallisation yielded 
0-0576 g. (24%), m. p. 223°. Cotton cellulose (0-24 g.) under the same conditions gave a yield of 
0-074 g. (31%), m. p. 222—223°, mixed m. p. 220°. The algal product had [a]j? +40° (c, 0-34 in 
chloroform) (Found: C, 49-6; H, 5-7. Calc. for C,,H,,0,,: C, 49-6; H, 5-6%). 

Algal cellulose (1-293 g. on ash-free basis) was treated with sodium periodate solution (0-25 m.; 20c.c.) 
and shaken for 9 days, samples (1 c.c.) being withdrawn after being allowed to settle at intervals of 3, 5, 
7, and 9 days, to which were added saturated sodium hydrogen carbonate solution (5 ml.) and potassium 
iodide (2 c.c.; 2-5%). After 5 minutes, the solutions were titrated with 0-1N-sodium arsenite solution. 
After 9 days the uptake of periodate was constant and equivalent to 1-02 mols. per C,H,,O, unit. 

Potassium periodate being used as oxidising agent (loc. cit.), algal cellulose (0-485 g.). was shaken for 
14 days with water (30 c.c.), potassium periodate solution (10 c.c.; 0-25m.) a chloride (2 g.), 
samples (5 c.c.) being withdrawn as before at intervals of 4, 7, 10, and 14 days. The samples were 
titrated to methyl-red with sodium hydroxide solution (0-01N.) after excess of periodate had been destroyed 
with ethylene glycol. A blank determination was also carried out. The titration results were as follows : 


Theme, GAYS crcseccscccesccsensrsccsccccosese 4 7 10 14 
GRRIIRIEL, C.6.  cccssccosccssoceseeasces 0-51 0-61 0-67 0-72 


The blank was negligible; therefore, after allowance for an indicator blank and formic acid removed 
in sampling, the final titration is equivalent to a chain length of 160 glucose units. 


Thanks are expressed to The Scottish Seaweed Research Association under whose auspices this work 
was carried out, and to the Earl of Moray Endowment. 


Kinc’s BurLtpincs, UNIVERSITY OF EDINBURGH. [Received, August 4th, 1949.] 





642. Antituberculous Compounds. Part III. p-Alkoxy-N-aryl- 
benzamidines. 
By M. W. PaRTRIDGE. 

As an extension of experiments on the relation between structure and activity against 
Mycobacterium tuberculosis of N-substituted amidines, a series of p-alkoxy-N-arylbenzamidines 
and certain analogues have been prepared. Although high activities were observed in vitro in 
several cases, no activity could be demonstrated in vivo. The effects, on activity, of homology 


in the alkoxy-group and of substitution in the N-aryl group in p-alkoxy-N-arylbenzamidines are 
different from those observed with di-(p-N-arylamidinophenoxy)alkanes. 


In Part II (this vol., p. 2683) evidence was presented that in a homologous series of di-(p-N-phenyl- 
amidinophenoxy)alkanes (I; m= 2, 3, 4, 5, or 6) there is marked in vitro activity against 
Mycobacterium tuberculosis in members having an odd number of methylene groups and no 
activity in members containing an even number of methylene groups. Although the activity 
was maintained in vitro in the presence of serum, no favourable effect on the course of experi- 
mental tuberculosis in guinea-pigs could be demonstrated. The work on N-substituted 
monoamidines described in this paper was undertaken in order to accumulate further evidence 
on the relation between structure and activity and in the hope that in vivo activity would 
ultimately be observed. The effect of homology on activity was studied in a series of p-alkoxy- 


C,HyNH-C(NH)-~ ‘S-o-(cH,,-0-¢ S-c(NH)-NH-C,H, Ro? S-c(:NR”)‘NHR’ 
Net ee ae Nei ey 
N-phenylbenzamidines (II; R = alkyl, R’ = C,H;, R” = H). In addition, an examination 
was made of the effect of substitution in the N-pheny] substituent of the amidine group, of the 
replacement of the N-phenyl group by other ring systems, and of the introduction of a further 
phenyl residue in the amidine group to give (II; R’ = R” = C,H;, R = alky)). 

The p-alkoxyphenyl cyanides described in the Experimental section were obtained by 
interaction of the appropriate alkyl] halide and sodium p-cyanophenoxide in ethanol. Preparation 
of the p-alkoxy-N-arylbenzamidines by reaction of the cyanide with an arylammonium benzene- 
sulphonate presented no difficulty. Attempts to obtain p-butoxy-NN-diphenylbenzamidine 
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by this method failed. In the case of p-allyloxy-N-phenylbenzamidine, the yield of purified 
amidine was low (28%) since the period of heating was reduced to avoid a Claisen rearrangement 
of the p-allyloxyphenyl cyanide. Considerable tar formation occurred in the preparation of 
p-butoxy-N-p’-carbethoxyphenylbenzamidine (II; R = Bu", R’ = p-C,H,’CO,Et, R” = H) from 
p-carbethoxyanilinium benzenesulphonate and p-butoxyphenyl cyanide. Hydrolysis of this ester 
was accomplished, without hydrolysing the amidine group, by boiling it with sodium hydroxide, 
although the reaction proceeded slowly. p-Methoxy- (Il; R= CH,; R’ = R” = C,H,) and 
p-butoxy-NN’-diphenylbenzamidine (II; R = Bu", R’ = R” = C,H;) were obtained from the 
corresponding anilides through the imido-chlorides. The aluminium chloride method (Oxley, 
Partridge, and Short, J., 1947, 1110) was used in the preparation of p-methoxy-N-2-pyridyl- 
benzamidine. For biological testing, these amidines were obtained in solution as their lactates, 

The in vitro activities of members of these series are recorded in the Table. Discussion of 
these results is restricted to certain aspects which appear to have a bearing on the relation 
between structure and activity against M. tuberculosis; a full account will be given elsewhere, 
In the series of p-alkoxy-N-phenylbenzamidines (II; R” = H, R’ = C,H;, R = Me, Et, Pr, 
Bu", -amyl, or n-hexyl) the activity increases with increase in the length of the alkyl chain to 
an unusually high value for p-hexyloxy-N-phenylbenzamidine; with the corresponding octyl 
homologue the activity decreases somewhat. Homologation in p-alkoxyanilines and 5-amino-2- 
alkoxypyridines (Friedmann e al., J]. Pharm. Exp. Ther., 1947, 89, 153; J. Amer. Chem. Soc., 1947, 
69, 1204, 1795; Forrest, D’Arcy Hart, and Walker, Nature, 1947, 160, 94) has a similar effect, but 
the same pronounced difference in activity of the butoxy- and hexyloxy-homologues is not 
apparent. Similar small, and probably not significant, differences are to be seen in the effect 
of homologation on the activities of alkylresorcinols (Drea, J. Bact., 1946 51, 507) and of alkyl 
p-aminobenzoates (Bloch eé al., Helv. Chim. Acta, 1947, 30, 539) against M. tuberculosis, 
Although certain -alkoxy-N-phenylbenzamidines resemble the analogous di-(p-N-phenyl- 
amidinophenoxy)alkanes in showing marked activity against M. tuberculosis, the relationship of 
activity to the length of the alkyl chain is quite different. 

; Activity.* 
Re- In ab- In 

Found, quired, sence of presence 
Benzamidine. ‘ M. p. Formula. N,%. N,%. serum. of serum. 
. p-Methoxy-N-phenyl as 

benzenesulphonate 186—187° C,H, O,N,S 
. p-Ethoxy-N-phenyl- 143-5—144-5 
. p-Propoxy-N-phenyl- ... 128—129 
‘ soe Sak yp al 121—122 C,,H,,ON, 
. p-Hexyloxy-N-phenyl- ... 122—124 C,,H,,ON, 


a 


1 (5) 
0 


1 
10 (100) 
100 


Qe ‘Sor = «s 
im ih S109 
AA 


f-2) 
or 


p-Octyloxy-N-phenyl- ... 118—119 C,,H,,ON, 
p-Methoxy-N-cyclohexyl- — — 
. p-Methoxy-NN’-diphenyl- — — 
. p-Methoxy-N-2-pyridyl- a — 
. p-Methoxy-N-2-di- 
a a — — 
p-Methoxy-N-2-(4’- 
nitrodiphenylyl)- -- — 
. p-Butoxy-NN’-diphenyl- — — 
. p-Butoxy-N-p’-chloro- 


— _ 
—- SOBNHD AP wt 
11 | 


alent 
wre 


151—152  C,,H,,ON,Cl 
149—150 C,,H,,0,N, 


—_ 
- > 


. p-Butoxy-N-p’-carbethoxy- 

phenyl- 43 138-5—139-5 C,.H,,0,N, 
. p-Butoxy-N-p’-carboxy- 

phenyl- — — — _ <1 (5) 
. p-isoButoxy-N-phenyl- ... 88 131—132 C,,H,,ON, 10-6 ; 10—50 
. p-Allyloxy-N-phenyl- ... 28 115—117  CysH,,ON, 11:2 . — 


* Dilution in thousands at which complete inhibition of the growth of M. tuberculosis (human 
virulent strain) was maintained for 4 weeks in modified Long’s medium, using the floating pellicle 
method. Figures in parentheses represent dilutions at which partial inhibition occurred. Under 
the same conditions of test p-aminosalicylic acid gave a value of 10 in the absence of serum. 

1. Leaflets from aqueous ethanol. 2. Leaflets from light petroleum (b. p. 100—120°); the benzene- 
sulphonate, prisms from water, had m. p. 168—169° (Found: N, 7-1. C,,;H ,0,N,S requires N, 7-05%). 
3, 4, 5, 6, 14, 17. Leaflets from light petroleum (b. p. 80—100°). 7. Oxley, Partridge, and Short, /., 
1947, 1110. 10, 11. Cymerman and Short, this vol., p. 703. 13. Prisms from ethanol. 15. Needles 
from light petroleum (b. p. 100—120°). 18. Leaflets ot light petroleum (b. p. 80—100°); insoluble 
in aqueous sodium hydroxide. 
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ee 
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In agreement with the difference in activity which was reported in Part II for di-(p-N-phenyl- 
amidinophenoxy)propane and the corresponding unsubstituted diamidine, 5-amidino-2-butoxy- 
yridine, described by Forrest and Walker (J., 1948, 1939), appears to be relatively inactive 
against M. tuberculosis as compared with p-butoxy-N-phenylbenzamidine. Replacement of 
n-butyl by isobutyl in p-butoxy-N-phenylbenzamidine produces little change in activity, whereas 
asimilar change in 5-amino-2-butoxypyridine causes a sixteen-fold decrease in activity (Friedmann 
et al., loc. cit.). p-Allyloxy-N-phenylbenzamidine is of about the same low order of activity as 
the corresponding propoxy-derivative. 

The introduction of a p-chloro-atom into the N-phenyl substituent of p-butoxy-N-phenyl- 
benzamidine causes no change in activity, whereas a n-butoxy-group, similarly placed, increases 
the activity ten-fold. Analogous substitution of chlorine atoms and butoxy-groups in di-(p-N- 
phenylamidinophenoxy)propane decreases the activity (Part II, Joc. cit.). A second phenyb 
substituent in the amidine group affords compounds of lowered activity in the two examples of 
this type described here, whereas the N-diphenylyl group enhances one-hundred times the 
activity of the parent compound, p-methoxy-N-phenylbenzamidine. Replacement of the N-phenyl 
group of the latter by cyclohexyl (II; R = CH,, R’ = cyclohexyl, R” = H) and by 2-pyridyl 
(Il; R= CH,, R’ = 2-pyridyl, R” = H) produces no outstanding change in activity. 
p-Butoxy-N-p ’-carboxyphenylbenzamidine, which is almost devoid of activity against M. 
tuberculosis, was prepared in the hope that a compound of high activity but low toxicity would 
be obtained. 

In contrast with di-(p-N-arylamidinophenoxy)alkanes, the activities in vitro of the more 
active members of this series are decreased by serum, although several of the compounds retain 
activities of the order of 1: 100,000. A similar effect of serum on the activity of 2-alkoxy-5- 
aminopyridines was noted by Forrest, D’Arcy Hart, and Walker (loc. cit.). It was not possible 
to demonstrate any favourable response in experimental tuberculosis in guinea-pigs with any of 
the compounds described here which show significant activity in vitro. 


EXPERIMENTAL, 


p-Alkoxyphenyl Cyanides.—p-Cyanophenol, dissolved in a solution of one equivalent of sodium in 
absolute ethanol, and one equivalent of the appro — alkyl halide were refluxed for 16—20 hours. The 


residue left after removing the sodium halide and the solvent was stirred with water and ether, and the 
aqueous layer was washed with ether. Unchanged p-cyanophenol was removed from the combined 
ethereal solutions with N-sodium hydroxide and, after evaporation of the solvent from the dried solution, 
the residue was fractionally distilled or crystallised from light petroleum. Thus were obtained: 
ppreposypnenys cyanide, leaflets (54%), m. p. 47°, b. p. 121—122°/3 mm. (Found: N, 8-7. C,H,,ON 
requires 8-7%) ;_p-butoxyphenyl cyanide, prisms (80%), m. p. 35°, b. p. 146—148°/3 —_ { ound : 
N, 8-25. C,,H,,0N . ay N, 8: 0%); Wrequres Ny 089 Suns prisms (71%), m. p. 32°, b. p. 155— 
157°/3 mm. (Found 7-0. Cys f,,0 requires N, 6-:9% trade henyl pooh alm (70% ), b. p. 
171—173°/2 mm. (Found : N, 6: 2. C,5H,,ON requires “f 1 i): . p-allyloxyphenyl cyanide, risms 
(72%). m. p. 43° (Found: N, 8-8. C,H,O oN — N, 8 8% isobutoxyphenyl cyanide (35%), 
b. p. 114—116°/1 mm. (Found : N, 8-3. H,,ON r ict 00 8-0 of 
p-Alkoxy-N-arylbenzamidines. —The polka N-asy Peneamidines described in the Table were 
repared by heating the appropriate p-alkoxyphenyl cyanide with an equivalent of an arylammonium 
Cecmmenigteante 2 in the temperature range 180° to 210° for between 1 and 4 hours (Oxley and Short, 
J., 1946, 147). The experiments were conducted on a 0-035—0-l-g.-mol. scale. The amidine was 
liberated with aqueous ammonia from a solution of the product in ethanol and purified as the free base, 
as a salt, or as the free base after separation from non-basic material as the lactate. The yields given are 
those of purified material. 
p-Methoxy-N-2-pyridylbenzamidine.—p-Methoxyphenyl cyanide (13-3 g.) and 2-aminopyridine 
(9-4 g., 1 mol.) were melted together at 60°; finely powdered aluminium chloride (13-3 g.; 1 mol.) was 
added "during 5 minutes and the mixture was heated, with occasional stirring, at 200° for 20 minutes. 
The base, liberated on making an aqueous suspension of the cooled product alkaline to Titan-yellow with 
sodium hydroxide, was collected, together with unchanged cyanide, in chloroform. The solvent was 
removed from the dried solution by distillation, and a 5n-hydrochloric acid extract of the residue was 
washed with ether to remove p-methoxypheny] cyanide (5- 4 g.), filtered through a layer of kieselguhr, 
and made alkaline with aqueous ammonia. e precipitate afforded p-methoxy-N-2-pyridylbenzamidine 
4 4 g., 24%) as leaflets, m. p. 107—108°, on crystallisation from light petroleum (b. p. 80—100°) (Found : 
N, 18-4. CisH,,ON, requires N, 18-5%). 
p-Methoxy-NN’- -diphenylbenzamidine- —p-Methoxy-N-phenylbenzimido-chloride (30 g.) (Wheeler and 
Johnson, Amer. Chem. 1903, 30, 37) and aniline (12 g., 1-05 mols.) were heated together under reflux 
in dry benzéne (100 c. oN for 3hours. The — -NN’-diphenylbenzamidinium chloride (33-5 g. 78 30 
which separated crystallised from ethano les, m. p. 269—270° (decomp.) (Found : , 8-25. 
CyoH,,ON,,HCI requires N, 8- 25%). The Tian liberated from the hydrochloride by aqueous ammonia, 
crystallised from ethanol in prisms, m. p. 133-5° (Found: N, 9-4. C,,.H,,ON, requires N, 9-3%). 
p-Butoxybenzanilide—p-Butoxybenzoyl chloride (51-2 e) (Pierce, Salsbury, and Fredericksen, 
J. Amer. Chem. Soc., 1942, 64, 1691) and 2n-sodium hydroxide (70 c.c., 0-58 mol.) were added gradually 
to a suspension of aniline (22: -3 g., 1 mol.) in 2n-sodium hydroxide (50 c.c., 0-42 mol.). Crystallisation 
L 
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of the sti protect from ethanol (800 c.c.) (charcoal) afforded p-butoxybenzanilide (52 g., 76%), m. p. 147° 
(Found: N, 5-4. C,,H,,O,N requires N, 5-2%). 


p-Butoxy-NN’-diphenylbenzamidine.—This compound was obtained from -butoxybenzanilide, 
aniline, an pa gone pentachloride by the method of Hill and Cox (J. Amer. Chem. Soc., 1926, 48, 
a 96% yi 
pP- arb 4 


d, as prisms from ethanol, m. p. 111° (Found : N, 8-2. C,3H,,ON, requires N, 8-15%). 
yanilini Benzenesulphonate.—This ester, obtained by interaction of equimolecular 
quantities of ethyl p-aminobenzoate and hydrated benzenesulphonic acid in isopropanol, crystallised 
in prisms, m. gE: 194—195° (Found: N, 4-4. C,,H,,O,NS requires N, 4:35%). 

p-Butoxy- ee ee eee -carbethoxyphenylbenzamidine (3:4 g.) 
was boiled under reflux for 6 hours with 5N-sodium hydroxide (20 c.c., 10 mols.). Unchanged ester 
(0-5 g.) was collected and, when the solution was adjusted to pH 4-5—5 by the addition of 5n-hydrochloric 
acid, Aone Germ henylbenzamidine (2-1 g., 78%) was precipitated; it formed leaflets from 
ethanol, m. p. 249—250° (decomp.) (Found: N, 9-15. C,,H,O;N, requires N, 9-0%). 





* The author gratefully acknowledges his indebtedness to Mr. C. E. Coulthard, Dr. L. Dickinson, and 
Miss B. Croshaw for the biological tests, and to Drs. W. F. Short and D. A. Peak for their interest in the 
work. Thanks are due to Miss M. Birchmore and Miss F. Skidmore for carrying out the analyses. 


RESEARCH LABORATORIES, Boots Pure Druc Co. Ltp., NotTTinGcHAM. 
UNIVERSITY OF NOTTINGHAM. [Received, August 26th, 1949.) 





643. Catalysis of Diels-Alder Diene Associations. Part V.* 
Proton- and Electron-transfer Processes. 


By W. Rusin, H. STEINER, and A. WASSERMANN. 


General acid catalysis operates in two typical Diels-Alder associations, vim, (1) the 
addition of cyclopentadiene to benzoquinone and (2) the dimerisation of cyclopentadiene. 
The kinetics of these reactions, of the type two substrates + catalyst —-> product, make it 
probable that a proton transfer, involving the transient formation of ion pairs, plays a réle. 
The conclusion is based, inter alia, on experiments showing that in the presence of some acids 
diene synthesis (2) is kinetically of the first order with respect to the substrate, and that the 
rate of both catalysed associations is decreased on addition of relatively small quantities of 
various substances. 

Reaction (1) is catalysed also by B prow the kinetics and other observations, e.g., the 
formation of relatively deeply coloured catalyst-substrate complexes, are compatible with the 
assumption that these processes are initiated by an electron transfer from the phenol to 
the benzoquinone. Numerical relationships between the catalytic velocity coefficients and 
the dissociation constants of the catalysts, or between the activation energies and the non- 
exponential factors of the rate expressions, can be brought into accord with the suggested 
mechanism both in the acid and in the tpg catalysis. Solvent and temperature effects have 
been studied, and an estimation could be made of the kinetic parameters characterising bi- 
molecular steps of the over-all reaction. 


Ir has been shown (Part I *) that Diels—Alder diene associations are catalysed by a number of 
acids and by phenol. An attempt is now made to elucidate the mechanism of this catalysis, 
the following 1 : 2—1 : 4-additions being chosen for the investigation : 


Benzoquinone + cycloPentadiene = cycloPentadiene-benzoquinone . . . . . . (Il) 
2 cycloPentadiene = Dicyclopentadiene . . . (2) 


Reaction (1) is the prototype of diene syntheses which lead to strongly polar molecules 
(see Part III), and reaction (2) represents the alternative type involving hydrocarbons only. 

Diene synthesis (1) is catalysed both by acids and by phenols, but (2) is catalysed by acids 
only: esters, phenol ethers, or bases of various types are inactive. Trichloroacetic acid has 
been selected for a relatively comprehensive study of the kinetics in various solvents and in 
the presence of retarders, because this acid has particularly favourable solubility properties 
and a relatively high catalytic power. Thirty-eight other substances were also tested but an 
extensive kinetic investigation was not made in each case. 


EXPERIMENTAL, 


General Remarks.—The mode of purification of the reactants has been described in J., 1935, 828, 
and the purity of solvents, catalysts, etc., was checked by b. p., m. p., or equivalent-weight deter- 
minations. 

Simultaneous or consecutive reactions do not play a réle. This follows not only from the kinetics 
but also from the almost quantitative conversion of the reactants into cyclopentadiene—benzoquinone 
or dicyclopentadiene; these substances were isolated by means of a technique described in Part I and 


* Parts I—III: Wassermann, J., 1942, 618, 623; 1946, 1089. Part IV: Khambata and Wasser- 
mann, J., 1946, 1090. 
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on p. 3052. The ratio, rate of reaction (1) /rate of reaction (2), was always so large that the dimerisation 
of cyclopentadiene did not interfere with the other diene addition. The kinetics of (1) were measured 
colorimetrically (see Part I). In the various runs the results of which are in the third to the eighth 
section of the right-hand side of Table I, control measurements had to be done in order to determine 
the initial light absorption of the reaction mixture and to test the validity of Beer’s law; this was 
necessary owing to the formation of coloured complexes between benzoquinone and phenols. No such 
coloration was observed with the various acids or with o-nitrophenol. 

The catalytic rate of reaction (2) was measured dilatometrically. Freshly prepared solutions were 
filled into dilatometers, which had been cooled and evacuated in some runs, and were sealed off as soon 
as possible. A special apparatus was constructed which enabled one to titrate and fill solutions of 
hydrochloric or hydrobromic acid in carbon tetrachloride into the dilatometers, without exposing these 
solutions to atmospheric moisture and without loss of the volatile catalysts. The dilatometric technique 
was tested, in the first instance, by estimating the velocity coefficients of the uncatalysed reaction (2). 
The final volume contraction was calculated from the results obtained in control iments in which 
a dicyclopentadiene solution of appropriate concentration was filled into the same dilatometer as that 
used for rate measurements. e velocity constants estimated dilatometrically agreed with those 
previously determined by a different technique (J., 1936, 1029; 1939, 381). 


Fic. 1. 


Trichloroacetic acid catalysis of the formation of cyclopentadiene—benzoquinone in carbon tetrachloride 
solution at 17°. 
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Circles: left ordinate ; these graphs show that equation (5) applies. Squares: right ordinate; these 
graphs show that equation (6) does not apply. 

Left-hand figure: Results of a typical experiment ; a and c, respectively, 0-0200 and 0-00500 g.-mol./I. The 
time scale covers the stage up to 80% conversion ; k = 0-24 l.g.-mol. min.. 

Right-hand figure : Each circle is the result of measurements similar to those represented by the left-hand figure. 
The third circle from the left represents the results of four experiments in which the catalyst concentration 
was varied in the range 0-00250—0-0100 g.-mol. /1. 


Calculation of Velocity Coefficients.—From a kinetic point of view the reactions here considered have 
to be divided into two groups. (a) The catalysed addition of cyclopentadiene to benzoquinone and the 
naphthalene-2-sulphonic acid-catalysed dimerisation of cyclopentadiene, the rate of which can be 


represented by 
dx/dt = h(a — x)* + kflc(a — x)* “ae oe oe Ee ee 


(6) The dimerisation of cyclopentadiene catalysed by hydrochloric, by tri-, di-, and mono-chloroacetic 
and by acetic acids, the velocity of these processes being given by 


Gsjdt = bla — sf +Afele—s). . . . 1. 2. ss @ 


In these equations a and (a — #) are the equimolar concentrations of the reactants at zero time and 
time ¢, respectively, c is the concentration of the catalyst, k is the rate constant of the bimolecular 
association known in most cases from previous work, and k,” and k-! are the catalytic velocity coefficients, 
the superscripts referring to the fact that the catalysis is either of the second or of the first order in the 
substrate. n integration of (3) and (4) one obtains 


(5) 


a ha + klc 
{loti ga — Wb Keay BE o 


If the temperature is low or if the conversion is small the last term of (6) can be neglected and in this 
case k,! can be calculated as in first-order reactions. If, on the other hand, the last term had to be taken 
into account, the catalytic velocity coefficient was estimated by a method of successive approximations. 

The accuracy of the catalytic velocity coefficients is specified in Tables I and III, the experimental 
errors depending, inter alia, on the difference between k#'c and k, and on that between the first and the 
second term of (6). Typical numerical values indicating the magnitude of these differences and showing 
that the rates of the non-catalysed associations are relatively small are given in Figs. 1 and 5 and on 
p. 3052. Itis not possible, of course, to reconcile the kinetics of the reactions (a) with (6) or those of the 
reactions (b) with (5). This is illustrated by typical results, viz., by the graphs relating to the right 
ordinates of Figs. 1 and 5. The catalytic rate of all the processes here considered [reactions (a) and 
(b)] is of the first order with respect to the acid or the phenol. The catalyst concentration was calculated 
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both from the weight of the added catalyst and from the results of alkalimetric titrations made with 
aliquots of the reaction mixture at various time intervals. The agreement between the two methods 
was satisfactory in all experiments relating to association (1) and in those runs of reaction (2) which 
were done in the presence of acetic, chloroacetic, dichloroacetic, and naphthalene-2-sulphonic acids. 
A similar agreement was obtained in experiments with trichloroacetic acid provided the concentration 


TABLE I, 


Acid and phenol catalysis of the formation of cyclopentadiene—benzoquinone. 


[All &,! values are in 1.* g.-mol.-* min.~1 deduced from (5). The & values in chloroform, ether, acetone, 
and dioxan solution, at 20°, are 2-4, 0-09, 0-54, and 5-0 1. g.-mol.~ min.“.] 

Catalyst. Solvent. Temp. kJ! x 10°. Catalyst. Solvent. Temp. kJ! x 107. 
1-9+40-2 * CCl, 2 0-0027 + 
2-3+0-2 * 0-0005 
3-5+0°3 * 16—20 0-0060+ 
1-9+40-2 * CH,°CO,H 0-0005 
48408 55 0-025 +. 0-003 
meee 4020-5 EtOH 20 0240-1 

8 3 4-440°8 CCl, 4—5 0-30+0-06 
0-40+0-08 * C,)H,"SO;H 20—24 0-78+0-05 
<0-2 1-4+0-2 
0-079 +0-008 
0-16+0-01 
0-24+0-01 
0-35+0-03 0-31+0-01 
0-78£0-05 0:1740-05 
CHC1,°CO,H 0-91+0-07 chee 
0-2+0-1 0-07 40-01 
0-08+0-01 o-Cresol 0-10+0-01 
0-11+0-01 0-20+0-01 
CH,Cl-CO,H 0-15+0-03 0-13+40-01 
0204008 | »-Cresol 2 0-21 40-01 
0-2+0-1 0-27+0-01 
Quinol f¢ 0-17+0:05 
s-C,H,Cl,-OH 0-042 +.0-007 
C,Cl,-OH Cc 0-078 + 0-006 
o-C,H,(OH) (NO,) 


<0-001 
* k, extrapolated to zero conversion. + C,H,O, = dioxan. 
t This catalyst is practically insoluble in carbon tetrachloride. 











TABLE II. 


Retardation of the acid-catalysed formation of cyclopentadiene—benzoquinone. 
(Solvent, carbon tetrachloride; initial concentration of reactants, 0-0200 g.-mol. /1.) 
Concn., in 10-3 


Ref. 

no. Retarder. Catalyst. tarder. lyst. 
Pyridinium trichloroacetate 

2 Diethylammonium trichloroacetate ... 
Triethylammonium trichloroacetate ... 
sec.-Butylammonium trichloroacetate 
(+)-Phenylethylammonium trichloro- 
acetate 

Diethylammonium dichloroacetate 
Pyridinium monochloroacetate 
sec.-Butylammonium acetate 
Ethyl alcohol 
Nitromethane 
Acetonitrile 
Acetonitrile 
Chloroform 
o-Dichlorobenzene CCl,°CO,H 


* Attempts were made to retard this acid catalysis by pyridinium trichloroacetate; no retardation 
could be observed, however, probably owing to an exchange reaction involving the formation of free 
trichloroacetic acid. 
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was relatively low. At higher concentrations discrepancies were noted,* and if this was the case the 
c value was taken to be the mean of the concentration estimated with the help of the two methods. In 
the runs with hydrochloric acid the acid titre of the reaction mixture decreased relatively rapidly, owing 
to the addition of the acid to the double bonds of ag wer ery the k values had to be related, 
therefore, to the initial ho of this catalysis, and the hydrochloric acid concentration was calculated 
from the amount of acid added at the time of mixing. 

It has been shown in Part I that the trichloroacetic acid catalysis of (1) in benzene solution is retarded 
on addition of the polar reaction product. We have now observed that other polar substances also 
retard or inhibit the catalysis by all the acids here considered. Velocity coefficients relating to a 
particular retarder concentration [r] are designated by &,” and were computed from (5). In two sets 
of experiments the 4,’ values were determined for different retarder concentrations and it was found 
that the following equation holds 

Se Oe oo ea rl Se ee | 


where a and f are parameters, the significance of which will be discussed below. 

Catalysis of Reaction (1).—Typical data showing the effects brought about by trichloroacetic acid 
in carbon tetrachloride solution are represented by the graphs in Fig. 1. Similar experiments were 
carried out with other catalysts and solvents. In some of these tests kJ! decreased with increasing 
conversion (cf. Part I), probably owing to a retardation by the polar cyclopentadiene—benzoquinone. 
The initial k! values were independent of the initial concentration of the reactants, and it is concluded, 
therefore, that these catalytic processes are of the second order in the substrate. Typical results 
showing that the reactions are of the first order with respect to the catalyst have already been reported 
in Part 1; further tests with other catalysts and solvents confirm the earlier observations. A summary 
of all the results is in Table I. 


Fie. 2. 


Influence of pyridinium trichloroacetate and ethyl alcohol on the trichloroacetic acid catalysis of the addition 
of cyclopentadiene to benzoquinone in carbon tetrachloride solution at 17°; initial concentration of 
reactants, 0-0200 g.-mol. /I. 














8 ee ae ae 
Concentration of retarder. 
Black circles: Pyridinium trichloroacetate ; concentration scale is 10 g.-mol./l.; concentration of tri- 
chloroacetic acid = 0-00450 g.-mol. /I. 
Open circles : Ethyl alcohol ; concentration scale in 10° g.-mol./l. ; concentration of trichloroacetic acid = 
0-00450 g.-mol. /I. 


The influence of pyridinium trichloroacetate and ethyl alcohol (typical retarders) on the trichloro- 
acetic acid catalysis is shown in Fig. 2. 

Further rate measurements were made in which the initial concentration of the reactants and the 
concentration of the pyridinium salt were respectively 0-0200 and 0-00100 g.-mol./l., while the tri- 
chloroacetic acid concentration was varied between 0-045 and 0-009 g.-mol./l. There was no trend of the 
kf values although the observations cover the range up to 70% conversion. Other substances which 
act as retarders are listed in Table II, the effects being shown by the figures in the last two columns. 

Attempts were made to retard the phenol catalysis by the addition of pyridinium phenoxide or 
pyridinium trichloroacetate, but no effect could be observed, 

The influence of hydrochloric acid in hexane, benzene, or carbon tetrachloride could not be tested 
because an insoluble addition product with benzoquinone is quickly formed, the precipitation of which 
prevents application of the colorimetric technique. In carefully purified ethyl alcohol at 4°, and at 
relatively high dilutions, the rate of this side reaction is slow, however, so that kinetic measurements 
are possible; under these conditions hydrochloric acid has no detectable catalytic effect. The following 
substances were also tested and found to be ineffective: the ethyl esters of trichloroacetic, dichloro- 
acetic, and monochloroacetic acids; the methyl esters or ethers of acetic acid, phenol, and -cresol; 
pyridine, pyridinium trichloroacetate, and trimethylamine. In these experiments the solvents were 
carbon tetrachloride or hexane, the temperature was between 0° and 26°, the initial concentration of 
the reactants was between 0-01 and 0-02 g.-mol./l., and the concentration of the added substance 
between 0-04 and 0-05 g.-mol. /1. 


P Ps mm may be due to the occurrence of side reactions of the type described by Bruson (U.S.P. 
395,452). 
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The relationship between the catalytic activity of phenols and the relative increase of “4 light 
absorption, due to the addition of these catalysts to solutions of benzoquinone, is shown in Fig. 3 
Catalysis of Reaction (2).—The dilatometer readings of a typical experiment with trichloroacetic 
acid are shown by graph A in Fig. 4; |, is the reading at time #, and /,,, the final reading, was obtained 
as indicated on p. 3047. 
Fic. 3. 


Relative light absorption of phenol—-benzoquinone mixtures in carbon tetrachloride solution at 20°; 
comparison with catalytic activity of the phenols. 











Relative light-absorption 
coefficient (A=4700A.). 





a2 P 20 244 
4Ztltg- mol. min.”"). 

I, Phenol. II, o-Cresol. UII, p-Cresol. IV, 2:4:6-Trichlorophenol. V, Pentachlorophenol. V1, 0-Nitro- 
phenol. Concentrations of I—VI, 0-114 g.-mol./l. ; in the test with VI the comparison absorption cell 
contained an o-nitrophenol solution of the same concentration. In all experiments the concentration of 
the reaction mixture with respect to benzoquinone was 0-0200 g.-mol./l. The absorption coefficients 
plotted on the ordinate are relative to a benzoquinone solution of this concentration, but without addition 
of a phenol. 


The slope of graph A corresponds to a catalytic velocity coefficient of 5-4 x 10~¢ 1. g.-mol. min.*; 
after taking into account the last term of (6) the corrected k,! value is 4-4 x 101. g.-mol.1 min... The 
results of some of the rate measurements with trichloroacetic acid and carbon tetrachloride as a solvent 
are in Fig. 5, similar tests having also been done at 20°, 0°, and —7°. A summary of the results relating 
also to other acids and solvents isin Table III. The figures in cols. 4 and 5 show in which concentration 
range the rate equations were tested and found to be valid. 


Fic. 4. 
Acid catalysis of the dimerisation of cyclopentadiene in carbon tetrachloride solution at 25-0°; 


k= 41 x 10° 1.g.-mol.+ min. 
7-40 


37% 
reaction 


A 


1 1 i i j 


0 20 40 60 80 100 
Time, hours. 
(A) Trichloroacetic acid ; initial concentrations of C,H, and catalyst, respectively, 1-55 and 0-160 g.-mol./I. ; 
mean value of catalyst concentration, taking titration results into account, 1s 0-130 g.-mol. /I. 
(B) Hydrochloric acid ; initial concentration of C,H, and catalyst, respectively, 0-310 and 0-0800 g.-mol. /I. 








In some experiments with trichloroacetic acid and carbon tetrachloride as solvent traces of moisture 
were removed from the reactants, catalyst, and solvent, and the reaction mixture was filled into the 
dilatometers without exposing it to atmospheric moisture. Furthermore, tests were done in which 
the surface/volume ratio of the dilatometer vessel was increased from 2 to 17 cm. and in which the 
reaction mixture was 0-002—0-05 M. with respect to benzoyl or dicyclopentadiene peroxide. No change 
of rate could be detected in any of these experiments. 

The k2 values in lines 11 and 12 of Tabt'e III, relating to hydrochloric acid, were calculated from the 
initial slope of such graphs as B in Fig. 4, the marked deviation from linearity being probably due to the 
reaction referred to on p. 3049. Hydrobromic acid was tested at —7° and it was found that the catalytic 
effect and the kinetics are similar to those of hydrochloric acid. 


‘ 
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Diels-Alder Diene Associations. 


Fic. 5. 
Trichloroacetic acid catalysis of the dimerisation of cyclopentadiene in carbon tetyvachloride solution 
at 25°. 
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Circles: left ordinate ; these graphs show that equation (6) applies. 
graphs show that equation (5) does not apply. 

Left-hand figure : Results of a typical experiment ; a and c, respectively, 0-564 and 0-0200 g.-mol./l. The 
time scale covers the stage up to 50% conversion. 

Right-hand figure : Each circle is the result of measurements similar to those represented by the left-hand graph. 
Three of the circles ave results of several tests in which the catalyst concentration was varied in the 
vange 0-0100—0-160 g.-mol. /I. 
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Squares: right ordinate ; these 


TaBLeE III, 
Acid catalysis in the dimerisation of cyclopentadiene. 


(105% in acetone and dioxan solution, at 25°, = 5-2 and 5-4 1./g.-mol. min.*. 
min. ; ‘k! in 1.2 g.-mol.* min..) 


k2 in 1. g.-mol.-? 


kd x 10, 
1. g.-mol. 
min.“ as 
derived 
from (6). 
0-40+0-05 
0-34+0-06 
0-16+40-04 


k2t x 10%, 
1. g.-mol. 
min.“ as 
derived 
from (5). 


Range of initial concn. 
‘ — (g.-mol./1.). 
Catalyst. 
0-0100—0-160 
0-0150—0-130 
0-010 —0-270 


Catalyst. ‘ C,H,g. 
0-100—1-55 
0-310—1-55 
0-310—1-5 
0-100—1-55 


CCl,-CO,H 


CHC1,CO,H 
CH,Cl-CO,H 
CH,‘CO,H 


HCl 
CyH,SO,H 


0-565 
0-565 
0-565 
0-100—0-565 
0-100—0-310 
0-310—1-55 
0-084—1-55 
0-310—1-55 
1-55 
0-310—1-55 


0-0200 —0-0700 
0-00900—0-0900 
0-0300 
0-00600—0-0200 
0-0100 —0-0300 
0-300 


0-:15+0-03 
<0-02 


0-20 +0-03 
0-10 +0-02 


0-018+0-002 


742 
3+1 


* Tests with higher acetic acid concentrations were also done but under these conditions k decreases 


very markedly 


runs with ethyl alcohol as solvent. 


: it is possible that this due to a “‘ solvent”’ effect similar to that operating in the 


Polycyclopentadienes, dissolved in carbon tetrachloride, are precipitated on addition of acetone. 
Under the conditions of the ex 
ation occurred if acetone was 


ded at the end of the test. 
velocity coefficients relate to (2) and not to a simultaneous polymerisation reaction. 


by the results of the experiments given in Table IV. 

Some of the &,1 values listed in Table III were deduced from graphs plotted in the manner recom- 
mended by Guggenheim (Phil. Mag., 1926, 7, 538); they agreed within the limits of the experimental 
errors with velocity coefficients estimated from such graphs as A in Fig. 4. This could not be expected 
if under the conditions of these measurements a polymerisation occurred to any pee extent, 


because control tests showed that the /, — /,, value relating to the formation of po 


is 80—100% larger than that relating to (2). 


riments, the results of which are listed in Table III, no such precipit- 
It is concluded, therefore, that the relevant 
This is confirmed 


ycyclopentadiene 
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TABLE IV. 
Stoicheiometric relationship in the trichloroacetic acid catalysis of the dimerisation of 
cyclopentadiene. 
Temp. 25°. Initial concn. of C,H, and catalyst, respectively, 1-55 and 0-16 g.-mol. /L. 
Concn. of C,H, (g.-mol./l.) calculated Concn. of C,9H,, (g.-mol./l.) calculated 
from : from : 


Time colorimetric deter- — fractional distillation 
(hrs.). dilatometer reading. minationofC,H,.* dilatometer reading. of reaction mixture. 
28-5 1-04 1-12 — _ 
120-3 0-52 ; 0-43 0-51 0-47 
* As described in J., 1936, 1033. 


The trichloroacetic acid catalysis in carbon tetrachloride solution (25°) can be completely inhibited 
if the reaction contains a relatively small amount of ethyl alcohol. In a typical experiment of this 
kind the concentrations (g.-mol./l.) of cyclopentadiene, trichloroacetic acid, and ethyl alcohol were 
respectively 0-565, 0-0500, and 0-0500. Attempts were made to find out whether the rate of (2) is 
altered on addition of phenol, diethylamine, sodium acetate, or potassium hydroxide, these tests being 
done either in carbon tetrachloride or in ethyl alcohol solution. No effect could be detected. 


Fie. 6. 
Functional relation between acidity and catalytic activity. 
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Dots: phenol catalysis of reaction (1). Circles: acid catalysis of veactiou (1). Squares: acid catalysis of 
veaction (2). Dots and circles: left ordinate. Squares: right ordinate. 1, Trichloroacetic acid. II, 
Dichloroacetic acid. III, Monochloroacetic acid. IV, Acetic acid. VI, Phenol. VII, o-Cresol. 
VIII, Quinol. IX, p-Cresol. X, Trichlorophenol. XI, Pentachlorophenol. 















































TABLE V. 
Activation energies and non-exponential factors of the Arrhenius equation. 


The A values of the bimolecular associations and the A, values relating to the trichloroacetic acid 
and the hydrochloric acid catalysis of reaction (2) are in 1. g.-mol.“+ sec.; all the other A, values are 
in 1.* g.-mol.-* sec.*. 

logo Ae: E, (kcals.). logy) A/Ae. E—E, (kcals.). 
Reac- Reac- Reac- Reac- Reac- Reac- Reac- Reac- 
Catalyst. Solvent. tion(l). tion(2). tion(1). tion (2). tion(1). tion (2). tion (1). tion (2). 
CoHis 4 
CCl,°CO,H C,H, 0-0+1-0T 
CCl, : ; —1-:141-5 0-0+0-8 
CHCIl,°CO,H . ° 3-4+0-8 
CH,Cl-CO,H . : 4-3+0°8 
CH,°CO,H , ; 7-9+1-0 
CyH,SOsH (oy , . 7640-8 45+0-°8 
HCl ‘ —2+2 
Phenol . . 2-5+0°5 
o-Cresol * . 3-9+0-9 
p-Cresol ° , 2-4+0-9 
* Calculated from velocity coefficient, extrapolated to zero conversion. 
+ Taken from Part I. 
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Some Numerical Relationships.—In Fig. 6 the logarithms of some of the catalytic velocity coefficients 
listed in Tables I and III are plotted against the logarithm of the dissociation constant, K, of the relevant 
catalyst, the latter values relating to waterassolvent. The K value of trichloroacetic acid was calculated 
as suggested by Bell (Proc. Roy. Soc., 1934, 148, 389), the dissociation constants of the cresols were 
taken from Ward (J., 1915, 1 , 1840), those of the chlorophenols from Thiessen (Rec. Trav. chim., 
1929, 48, 1066), and those of the remaining catalysts from Landolt-Bérnstein’s Tables. 

The catalysis of the carboxylic acids can be represented by 


ee ee ee ee ee |) 


where m and m are respectively 0-57 and 2-6 in reaction (1) and 0-25 and 0 in the case of association 
(2), if the dimensions of &, and K are as specified in the figure. No such relation is obtained, how- 
ever, in the phenol catalysis. 
The velocity coefficients of the non-catalysed and of the catalysed diene syntheses can be represented 
b 
1 k = Ae“E/RT andk, = Ae-E/RT . . . . - (9) 


The A, and E, values relating to some of the catalysed processes are listed in Tabe V; for the sake 
of comparison the ratios A/A, and the values for E — E, are also given, the figures for Aand E being 
taken from previous work (/oc. cit.). The graph in Fig. 7 “shows a linear functional relationship between 
some of these A, values and the corresponding activation energies. 


DIscussIon. 


Acid Catalysis.—The kinetics are interpreted with reference to the following steps : 
hy = 
S+HB = HS----B a Oe a 


HS----B45 —*, ws$...-B 


(11) 
_ k 
HSS ----B —> SS + HB 


HS----B4r —>t:--HB+8 Sgt poe ask 


or bss bee udp ehiuge.cug... g2 aie bree 


where the substrate, S, is benzoquinone or cyclopentadiene, HB is the acid, which may be 
wholly associated to form double molecules, SS is the product, r is one of the retarders listed 
in Table II, and the symbols HS* --- B~ or HSS* «- B~ indicate ion-pairs formed by protolytic 
fission of the acid. Assuming that the relative values of the velocity coefficients k,, k_,, etc., 
are such as to allow application of the stationary state approximation, it can be shown that 
the overall catalytic rate is given by 


DASE... 4+ ON 4+ A «ws a et es 
[S] and [HB] having the same significance as a and c in equations (3) and (6). On taking the 
reverse process (12) into account a different expression is obtained which reduces to (14) if 

k, {[HB}>2#_,[r**** HB), where k_, is the velocity coefficient of the reaction between the 
retarder-catalyst complex, r-HB, and the substrate. 

In the absence of retarders the last term in the denominator of (14) can be omitted, and in 
this case the catalytic rate is either of the second or of the first order with respect to the 
substrate according to whether (15) or (16) holds, and the experimental velocity coefficients, 
k,, as derived from (5) or (6) are given by (17) or (18) : 

eS eee ee te fara 
k,{S)>k_, and therefore hh privet Sle ule. 30 Se 
p Serty cpg Prete in edt oy Ets aie soe 
Pees): SA 

It is of interest to estimate the rate of (1) as catalysed ie the <ieeiicnaile acids, on making 
the tentative assumption that the substrate reacting in step (10) is cyclopentadiene. It follows 
from (15) that k,/k_,<1/([S] and, substrate concentrations such as those listed in Table I being 
used, the upper limit of this ratio of velocity coefficients is 501. g.-mol.-1. In accordance with 
the premise, the k, values of both diene associations are identical and can be taken to vary in 
the range 0°2 x 10“ to 4 x 101. g.-mol.-! min.-1, the solvent being that indicated in the first 
line of Table III and the temperature being 25°. On substitution of these #, values and the 
upper limit of k,/k_, in (17), it follows that the velocity coefficients, #1", of reaction (1) should 
be at the most 0°02 1. g.-mol. min.-!, while the actually determined velocity constants, as 
listed in lines 6, 14, and 19 of column 4, and line 3 of the last column of Table I, are between 
25 and 20,000 times larger. It can be concluded, therefore, that the substrate of step (10) is 
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benzoquinone rather than cyclopentadiene, and that the velocity coefficients k,, relating to the 
former reactant, are considerably larger than the k,! values in Table III. 

It has already been mentioned (p. 3047) that the naphthalene-2-sulphonic acid catalysis of 
the association (2) is of the second order with respect to cyclopentadiene, in contrast to the 
catalysis by all the other acids listed in Table III. This is compatible, however, with (15) and 
(16) if one assumes that k,"/k" ,<h,°/k*_,, the superscripts relating respectively to naphthalene- 
2-sulphonic acid and to the acids of group (b). It may be that k*,>h°,, or that k,"<k,); 
there is no difficulty in accounting for the latter inequality because one component of the ion- 
pair reacting in step (11) is relatively bulky if naphthalene-2-sulphonic acid is the catalyst, 
and it is plausible to expect that this should give rise to a slow association reaction. 

Bronsted (for reference see Bell, ‘‘ Acid-Base Catalysis,” Oxford, 1941) pointed out that 
relationships similar to (8) hold in many proton-transfer reactions and, in view of such equations 
as those presented by Bell (op. cit., p. 168), the two graphs of Fig. 6 appear to support the 
suggested mechanism. It has to be taken into account, however, that the dissociation constants, 
K, in (8) relate to the protolytic equilibrium H,O + HB == H,O+ + B-, which is a reaction 
comparable to (10), while the catalytic velocity coefficients, k,, are given by (17) or (18) rather 
than by k,/k_,. The actually observed validity of (8) implies, therefore, that in reaction (1) 
the velocity coefficients k, change less markedly than the ratio k,/k_, and that in the association 
(2) the k_, values remain relatively constant. 

The retarders Nos. 1—8 of Table II are salts, which probably act as ion-pairs, viz., 
R,R,R,HNt ---B-; and Nos, 9—14 are also relatively polar substances, some of which 
contain oxygen or nitrogen, with lone electron-pairs, while others, e.g., Nos. 13 and 14, cannot 
be regarded as proton acceptors in the recognised sense. It is believed that in all cases the 
retardation depends on the formation of a dipole association complex.* If this should involve 
a liberation of the substrate, as indicated by (12), it is feasible that the primary formation of the 
retarder—catalyst complex is followed by a proton transfer of the type HB---r => Hr*---B-. 
If, on the other hand, the retarder forms a complex with the whole ion-pair [(see (13)], the 
decrease of the catalytic rate could be interpreted as a dipole screening by which the reactivity 
of the ion-pair HS* --- B~ is reduced. It is recognised that (12) and (13) imply that a con- 
sumption of the catalyst by the retarder takes place. The figures in cols. 4 and 5 of Table II 
show, however, that the concentration of the retarder is in all cases considerably smaller than 
that of the catalyst, and it is understandable why the velocity coefficients k do not decrease 
to any detectable extent with increasing conversion of the reactants. 

According to (14) retardation of the overall reaction is compatible either with &,[r]> 
{k,[S] + k_,} or with &,[r] + k_,>4,[S], the latter inequality leading to a dependence of 1/k/ 
on the retarder concentration, such as that represented by (7). The.parameters a and @ can 
be identified, therefore, with k,/kk_, and with 1/k2!, and taking into account the dimension 
and the numerical values of the slopes of the graph in Fig. 2, it follows that 

k,/k_, = 1-6 x 108 1. g.-mol. (for pyridinium trichloroacetate) | (20) 
k,/k_, = 2-4 x 10? 1. g.-mol.+ (for ethyl alcohol) i osnwtait 

Phenol Catalysis.—It has been suggested by Woodward (J. Amer. Chem. Soc., 1942, 64, 
3058) that uncatalysed diene associations involve intermediates formed by an electron transfer 
similar to that discussed by Weiss (J., 1942, 245). This mechanism cannot be reconciled with 
the observed similarity of the kinetics of bimolecular Diels—Alder reactions in the gaseous and 
condensed phase (Wassermann, Trans. Faraday Soc., 1938, 34, 128; J., 1939, 870) and with 
the results of unpublished experiments done in order to detect a relation between the rate 

‘of these associations and the occurrence of transient colours which are obtained in some 
systems on mixing the reactants. "Woodward’s hypothesis is of importance, however, for an 


interpretation of the phenol catalysis of reaction (1). The kinetics can be explained with 
reference to the following steps : 


S + HB at SLE Cl) Siro | 
AL 


+ ka - + 
S---H---B4+S5S ae wat 


a + kunt 
SS:--H---B —-> SS + HB 
* If the influence of acids on the rate of these diene associations were due to a reaction involving 
hydrogen ions rather than the whole acid molecules one would have to consider whether the retardation 
by the salts Nos. 1—8 in Table II is due to a repression of the acid dissociation of the catalysts (common- 


ion effect). However, in this case the catalytic rate should have been found to be proportional to the 
square root of the catalyst concentration and not to its first power. 


(22) 
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Here S~---H--- Bt indicates relatively deeply coloured ion-pairs, which can also be 
represented as hydrogen bonded species (cf. Weiss, Joc. cit.) and are formed by an electron 
transition from a phenol, HB, to the benzoquinone, S, the other symbols having a similar 
significance to that in (10) and (11). It could be suggested that the electron acceptor is the 
cyclopentadiene, not the benzoquinone; this is improbable, however, because it has been shown 
(p. 3052) that phenol does not catalyse the dimerisation (2). It appears that benzoquinone 
functions both as a proton and an electron acceptor, which is somewhat reminiscent of the 
amphoteric properties of certain polycyclic hydrocarbons (cf. Weiss, loc. cit.). Applying the 
stationary state approximation to (21) and (22), one can derive an expression similar to (14) 
without the last term of the denominator. The kinetics of the phenol catalysis are represented 
by (5), rather than by (6); this is to be expected, because the electron transfer (21) will be 
fast, making the overall reaction of the second order in the substrate, the catalytic velocity 
being given by 

a ee ig) i > A ew ee ee 

Pyridinium salts are effective retarders for acid catalysts, but in the phenol catalysis no such 
effect could be observed. This is what one would expect from the suggested electron-transfer 
mechanism because 

k_>Aiy[r] . . . ° . . . . . . . . (24) 


where yy is the velocity coefficient relating to a step similar to (12) or (13). 


Fic. 7. 


Functional linear relationship between activation energy, E,, and log 9 Ac of diene association (1) ; 
the solvent ts carbon tetrachloride. 
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£.,k cals. 
I, Trichloroacetic acid. II, Dichloroacetic acid. III, Monochloroacetic acid. 
IV, Acetic acid. V, Naphthalene-2-sulphonic acid. V1, Phenol. 
VII, 0-Cresol. VIII, p-Cresol. ; 


The phenols listed in Table I can be divided into three groups: (A) Phenol, p-cresol, o- 
cresol, and quinol, which are the most active catalysts; (B) tri- and penta-chlorophenol, which 
are less efficient; (C) o-nitrophenol which does not catalyse. On addition of the phenols of 
groups (A) and (B) to a benzoquinone solution a marked deepening of colour takes place, but 
no effect of this kind can be observed with o-nitrophenol; the relative extinction coefficients, 
by which the colour of these solutions is characterised, are given in Fig, 3, which also shows 
that, at comparable concentrations, phenol and the cresols give rise to deeper colours than 
the catalysts of group (B). This can be taken to indicate that in the case of the phenols (A) 
the ratio k;/k_; is relatively large, i.e., the formation of a coloured substrate-catalyst complex 
is favoured. If it is assumed that ky depends less markedly on structural alterations than 
ky/k_; it is understandable, in view of (23), why the k" values of the phenols (A) are also 
relatively large.* The results of experiments represented by the dots on the left of Fig. 6 
show that the phenols of group (B) are more acidic in water than those of group (A), while 
o-nitrophenol is a still stronger acid. The decrease of the catalytic activity of these phenols 
with increasing acid strength—which is in marked contrast to the validity of (8) in the case 
of the acid catalysis—is in accordance with the suggested electron-transfer mechanism, since 
chemical conditions which enhance the release of electrons from the catalyst, thereby increasing 
k,/k_y, will impede the release of protons. 


* In some cases variations of ky may contribute to the overall effects. Fig. 3 shows that the 4, 
values of phenol and #-cresol are similar, although the latter catalyst gives rise to a more intense 
colour on addition to a benzoquinone solution. It has also been observed that phenol and chloroanil 
form a relatively deeply coloured complex in benzene solution; the reaction between chloranil and 
cyclopentadiene (see Part I) is nevertheless not catalysed by phenol. 
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Activation Energies and Kinetic A, Factors——The parameters of (9) listed in Table V can 
be divided into two groups relating respectively to the velocity coefficients k,! given by (17) 
and (23) and to the rate constants k,! given by (18). The A, and E, values of the first group 
are in cols. 3—5 and in line 7 of cols. 4 and 6, and can be represented by 

A, = A,A,/A_, = BA,, and by E, = E_, — E, —E,~ AH —E, 

where the subscripts refer to the relevant subscripts of the & values in (17) and (23); Bisa 
measure of the statistical weight of the associated species formed in (10) and (21), and AH is 
the heat change of these equilibria. One possible interpretation of the graph in Fig. 7 is based 
on the assumption that the parameters A, and E,, relating to the specified catalysts and solvents, 
change less markedly than B and AH, so that the dependence of log A, on E, is essentially due 
to a similar dependence of log B on AH, which can be explained with reference to recognised 
correlations between entropies and energy changes (cf. Evans and Polanyi, Trans. Faraday 
Soc., 1936, 32, 1333). 

The A, values of the second group in lines 3 and 8, col. 4, of Table V characterise the kinetics 

of step (11) of reaction (2) and here 

ee en ee: Dae (25) 

where Z is the bimolecular collision frequency. It will be seen that the discrepancy between 
A, and Z is very large. This may be due to the fact that the ion-pairs in (10) are formed via 
ionic transition states, which are more strongly solvated than catalyst and substrate taken 
separately. The increased solvation must give rise to an unfavourable entropy of activation, 
which accounts for the smallness of the A, factors. The activation energy of these proton 
transfer processes is about 5 kcals. with an inaccuracy shown by the figures in lines 3 and 8, 
col. 6, of Table V. When (16) is taken into account it appears probable that the activation 
energy of the consecutive step C;,H,* --- B- + C,H, = C,,.H,,* --- B™ is still smaller. The 
E value of the dimerisation 2C;H, = C,)H,,, on the other hand, is 17°4 kcals. (J., 1939, loc. 
cit.), the difference being probably due to the fact that in the former association the cyclo- 
pentadiene is strongly polarised in the field of the ion-pair, thereby facilitating the juxta- 
position favourable for reaction. Geometrical considerations similar to those discussed else- 
where (J., 1935, 828, 1511; J., 1936, 432) show that these reactants must approach each other 
in a mutual orientation which is incompatible with the formation of “‘ planar’”’ transition 
states in which resonance energy can play a very important réle. 

Solvent Effects.—The data in Table I show that the rate of the trichloroacetic acid catalysis 
is of the same order in hexane, benzene, and carbon tetrachloride solutions. Strong retardation 
is observed, on the other hand, if the following solvents, of widely different dielectric constant 
(ce), are used: chloroform (e = 5:0), ether (« = 4°5), dioxan (ec = 3:0), acetone (ec = 21°9), and 
ethyl alcohol (« = 25°7). Similar effects were observed in the trichloroacetic and naphthalene 
-2-sulphonic acid catalysis of (2). The rate of the acetic acid catalysis of reaction (1), on the 
other hand, is larger in ethyl alcohol than in carbon tetrachloride solution. The catalytic 
velocity coefficients relating to phenol in benzene, carbon tetrachloride, and ethyl alcohol 
solutions are similar, but ether and acetone inhibit this catalysis. These results show that the 
k, values may either increase or decrease with increasing dielectric constant of the solvent. 
This is understandable if one considers that steps (10) and (21) involve a charge separation which 
will be energetically facilitated by solvents of high « values; in (11) and (22), on the other hand, 
the close proximity between the uncharged substrate and the ion-pair will be favoured by media 
of low dielectric constant. It can be concluded, therefore, that the ratios k,/k_, and k;/k_; 
will increase while the velocity coefficients k, and Ay, will decrease with increasing ¢, an a priori 
estimation of the relative magnitude of these opposing effects being hardly feasible. It has 
to be taken into account, moreover, that ethyl alcohol and chloroform are retarders of the 
trichloroacetic acid catalysis (see Nos. 9 and 13 of Table II and p. 3052); it is probable, therefore, 
that some of the observed effects are due to steps (12) or (13) becoming predominant. 

The Possibility of Partial Proton Transfer in the Acid Catalysis.—It could be suggested that 
steps (10)—(13) should be abandoned in favour of 


Sr 


(27) 
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Here S--- H* -- B- and SS--- H*--+ B~ aresymbols for hydrogen-bonded species formed by 
a partial proton transfer without complete disruption of a homopolar bond of the catalyst. 
Such intermediates are similar in certain respects to those formed in (21) and (22), both types 
being comparable to molecular compounds which are rapidly formed from their components 
(for reference, see Weiss, Joc. cit.). Applying the stationary-state approximation to (26) and 
(27), we obtain an expression for the over-all rate which can be made to obey the experirmental 
rate law (6) if one postulates that k,[S|>A_, or kh >k,. If, therefore, the first-order dependence 
on the substrate concentration is to be explained, one has to make the improbable assumption 
that a step leading to a relatively loose complex is slower than one in which main valency bonds 
are broken and formed. On the basis of a partial proton-transfer mechanism one would expect 
furthermore an inequality similar to (24), which would not be compatible with the various 
results represented by the figures in Table II and with (20). Finally, it should be noted that 
(26) could not occur via a completely ionised transition state, so that it is not easy to account 
for the exceptionally small ratio (25). 


The experiments described in the earlier parts of this series were facilitated by grants from the 
Central Research Fund of the University of London and from the Chemical Society. This work 
had to be interrupted owing to war-time circumstances; its continuation was m. —— by 
Professor C. K. Ingold’s interest — help. We are also grateful to the directors of Messrs. Petrocarbon 
Ltd. and in particular to Dr. F. Kind. 
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644. The Solvent Effect on the Dipole Moment of Aniline. 
By A. V. Few and J. W. Situ. 


The molecular polarisation of aniline in dilute solution in n-heptane, carbon tetrachloride, 
and carbon disulphide has been studied at 25°, and the apparent dipole moments in these solvents 
have been found to be 1-477, 1-458, and 1-420 p., respectively. These results, compared with the 
value of about 1-48 p. for the moment of aniline in the vapour state, suggest that aniline ma 
have a small negative solvent effect. This is shown to be compatible with the theories of Frank 
and of Higasi regarding the influence of the shape of the molecule on the variation of the dipole 
moment with the dielectric constantofthemedium. Theslight positive solvent effect previously 
attributed to aniline was based principally on the value of the moment in benzene solution, which 
appears to be anomalously high. 


It was observed by Cowley and Partington (J., 1938, 1598) that the molecular polarisation of 
aniline at infinite dilution in hexane or cyclohexane was a little lower, and in benzene or toluene 
slightly higher, than the value for the vapour state. They inferred that, although the differences 
were small, there was a tendency for the molecular polarisation in solution to increase with increase 
in the dielectric constant of the solvent. When discussing this observation they suggested that 
the configuration of the nitrogen atom in aniline would presumably be similar to that in trimethyl- 
amine and triethylamine, for which, in accord with his theory, a positive solvent effect had been 
reported by Higasi (Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1937, 31, 311), and hence they 
inferred that the moment would act in approximately the same direction as in the trialkylamines, 
The negative value of the Kerr constant of aniline (Briegleb and Wolf, Fortschr. Chem., 1931, 21, 
Part 3, p. 36) indicated that the direction of the dipole was inclined at a considerable angle to 
the axis of maximum polarisability. As this axis lies in the plane of the benzene ring they 
suggested that it is inclined at an angle of about 70° to the axis of the dipole. Hence, according 
to the theory of Frank (Proc. Roy. Soc., 1935, A, 152, 171) a positive solvent effect would be 
expected, whilst Higasi’s theory would indicate a positive solvent effect of greater magnitude 
than that actually observed. 

This problem is of considerable interest, but the results of Cowley and Partington appeared 
to be rather inconclusive because they were based on measurements with only four solutions of 
low concentration in each case, whilst the values of the dielectric constant were expressed to 
three decimal places only. The interpretation of the results was thus subject to appreciable 
possible error, even as high as three units in the second decimal place of the moment, These 
measurements have therefore been extended to other solvents. 

The molecular polarisation of aniline in m-heptane, carbon tetrachloride, and carbon 
disulphide has now been investigated. No previous measurements on solutions of aniline in 
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these solvents appear to have been recorded. The results, together with the values found 
previously for aniline in benzene and dioxan (Few and Smith, this vol., p. 753) are recorded in 
Table I, which shows the dielectric constant (¢) of the solvent, the molecular polarisation at 


TABLE I, 
Molecular Polarisation and Apparent Dipole Moment of Aniline in Various Solvents at 25°. 


Solvent. €. Pains S [Rp], c.c. p (D.). 

1-909 77-20 31-1 1-477 

2-204 95-11 30-9 1-750 

2-225 76-10 31-2 1-458 

Benzene 2-272 78-35 30-7 1-505 

Carbon disulphide 2-633 73-34 30-7 1-420 
(Vapour) 1-00 77-5 30-6 1-48 


infinite dilution (P,,..), the molecular refraction ([Rp]), and the apparent moment (u). The 
Table also includes the dipole moment for aniline in the vapour state, observed by Groves and 
Sugden (J., 1937, 1782), together with the molecular polarisation of aniline vapour at 25° 
calculated from their measurements. 

The new observations suggest that aniline has a small but definite negative solvent effect, 
the values of P,,. decreasing from the recalculated vapour result to the value in carbon disulphide 
solution. Whilst for dioxan solutions the value of P,.. is much larger than would be expected 
for a solvent of dielectric constant 2-204, this anomaly can be accounted for by a definite 
interaction between the solute and solvent. For benzene solutions P,,, is slightly higher than 
would be expected, and Cowley and Partington’s measurements indicate that a similar high 
value occurs with toluene solutions. It has been noted in other cases, e.g., nitrobenzene (Smith 
and Cleverdon, Tvans. Faraday Soc., 1949, 45, 109), that the moments are anomalously high in 
benzenoid solvents, and if this is the case with aniline the data of Cowley and Partington for hexane 
and cyclohexane solutions, which correspond to P;,. values of 76:2 and 76°6 c.c., respectively, 
at 25°, also support the existence of a slight negative solvent effect. 

It is also noteworthy that the data now available indicate that the molecular polarisation 
of aniline in benzene or toluene solution decreases appreciably with increasing concentration. 
A much more rapid decrease with increasing concentration was observed in the case of solutions 
in dioxan or in mixtures of dioxan and benzene, and is attributable to a large solvent effect of an 
aniline-dioxan complex (Few and Smith, this vol., p. 2663). In the other solvents which have 
been used, however, there is only a very slight change in the molecular polarisation with 
increasing concentration. 

It is of interest to examine how far the difference between the values of the molecular 
polarisation of aniline in the vapour state and in solution can be reconciled with or accounted for 
by the various solvent-effect equations which have been suggested. The mode of variation of 
the molecular polarisation with concentration indicates immediately that the Sugden relation 
(Nature, 1934, 133, 415) is not obeyed. Although for each solvent P, varies almost linearly with 
(e — 1)/(e + 2) the slope of this line does not correspond to the orientation polarisation nor do 
the lines extrapolate to the gas value at « = 1. 

Miiller’s empirical equation (Physikal. Z., 1933, 34, 689), which may be written in the 
form (Py. — [Rp})sotution/(P: — [Rp])vapour = 1 — 0°075(e — 1)*, represents well the change of 
polarisation of molecules with maximum polarisability along the dipole axis, but when applied 
to the data for aniline the calculated values for (P, — [Rp])vapour are much higher than the 
observed value. Closer accord is obtained if the value of the constant is reduced to 0°030, but 
the benzene result then still remains anomalously high. Other empirical relationships, such 
as that of Jenkins (J., 1934, 480), are even more difficult to fit to the experimental data. 

Owing to the fact that the aniline molecule cannot be regarded as being represented, even as a 
first approximation, by an ellipsoid of rotation, a theoretical derivation of the solvent effect of 
aniline by the method of Higasi (Bull. Inst. Phys. Chem. Res. Tokyo, 1934, 18, 1167; Sci. Papers 
Inst. Phys. Chem. Res. Tokyo, 1936, 28, 284) is not possible. However Higasi pointed out that 
molecules with negative Kerr constants have dipole moments in solution which are higher 
that those observed for the vapour state, indicating their greater optical polarisation in the 
direction at right angles to the axis of the dipole, and the negative Kerr effect which had been 
reported was one of the main factors leading Cowley and Partington to the view that the solvent 
effect of aniline is positive. Since the present measurements were completed, however, it was 
pointed out by Le Févre, Roberts, and Smythe (this vol., p. 902) that the observations quoted 
referred to liquid aniline. In this state molecular aggregates may reasonably be supposed to 
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exist, and the anisotropy of their polarisability would not be the same as that of the separated 
molecules such as exist in the vapour state or in dilute solution. They further point out that 
Lippmann (Z. Elektrochem., 1911, 17, 15) records data for mixtures of aniline and benzene which 
indicate that up to a molar fraction of about 0°15 aniline contributes positively to the electric 
double refraction, They therefore infer that if the solvent effect of aniline is negative it would 
be behaving normally as a molecule with a positive Kerr effect.. Le Févre and his co-workers 
were concerned principally with the variation of the molecular polarisation of aniline with 
concentration. As this is rather anomalous when compared with results for other solvents it is 
evident that data for electric double refraction for other binary systems including aniline would 
be of considerable interest. . 

On the basis of his theory, Frank (/oc. cit.) noted that for a molecule which possesses a single 
radical not on the dipole axis the sign and magnitude of the solvent effect depends largely on 
the polar co-ordinate 6 of the radical. If this is less than 55° the solvent effect is negative, but 
when @ is greater than 55° it tends to become positive although it is only appreciable when 6 
approaches 90°. In calculating the angle between the direction of the dipole and the axis of 
maximum polarisability, Cowley and Partington neglected the mesomeric effect of the amino- 
group which operates when this group is linked directly to an aromatic nucleus. In aniline this 
effect will decrease the angle between the resultant dipole and the axis of the benzene ring, so 
that the dipole will not operate in the same direction as in an alkylamine. 

The direction of the dipole may be calculated from the observed moments of aniline and of one 
of its p-substituted derivatives in which the dipole vector of the substituent group acts along the 
axis of the benzene ring, together with the moment of this substituent when linked to a phenyl 
group. Marsden and Sutton (J., 1936, 599) calculated 6 from data for several p-substituted 
anilines, and inferred that the most satisfactory substituent was the methyl group. Even the 
presence of this group in the molecule diminishes the mesomeric effect of the amino-group, with 
consequent change in the direction of the resultant dipole. From the data then available 
Marsden and Sutton deduced that 8 was about 44°. However the calculated angle depends 
very critically upon the value assigned to the moment of p-toluidine. Recalculation of the 
value of this moment from the data of Donle and Gehrckens (Z. physikal. Chem., 1932, B, 18, 316) 
on the assumption that P,,, = 1°05[Rp] leads toy = 1°33 D., which, combined with the values 
for toluene (0°33 p.; Smythe and Lewis, J. Amer. Chem. Soc., 1928, 50, 94) and aniline (1°51 D.) 
leads to 8 = 53°. Although the possible error in this calculation is considerable this value is in 
accord with a very small negative solvent effect. 

Lack of knowledge of the anisotropy parameters for aniline prevents the direct application 
of Rau’s extension (Proc. Indian Acad. Sci., 1935, A, 1, 498) of the Raman and Krishnan treat- 
ment, but, for a particular solute, VY, and ©, are approximately constant, and hence the 
introduction of the correction terms ¥,, which can be evaluated from Rau’s data, should lead 
to “corrected ’’ P,,. values which should be linear with (e — 1)/(e+ 2). Actually after 
applying this “‘ correction ”’ the plot of P,.. against (« — 1)/(e + 2) was less linear than without 
it, and the best straight line did not extrapolate to the vapour value at « = 1. 

It is noteworthy that the very large value of ‘¥', for benzene leads to the inference that the 
apparent dipole moments observed in benzene solution should be anomalously low, whereas they 
are usually higher than would be expected, and also that the decrease in the apparent molecular 
polarisation of the solute with increasing (« — 1)/(e¢ + 2) should be less rapid in benzene solution 
than, for instance, in carbon tetrachloride, whereas the reverse is generally the case. For this 


solvent, therefore, the correction for the anisotropy of the solvent molecule seems to operate in 
the wrong sense. 


EXPERIMENTAL, 


Materials.—Aniline was purified and stored as described previously (this vol., p. 753). 

Carbon tetrachloride (commercial “ pure ’’ grade) was shaken 3 times with 50% sulphuric acid and 
then with 5% sodium hydroxide solution. After being washed with distilled water it was dried (CaCl,) 
and refluxed for some time with mercury. It was then distilled from the mercury, dried Un ot 
and finally distilled through a 20-plate column. The middle fraction, of constant b. P- (within 0-05°), 
al d? 1-5844,, n?° 1-4576, e* 2.2252 (Jenkins and Sutton, J., 1933, 609, found d?° 1-5848, 
€ x ° 

Carbon disulphide was purified by the method of Obach (J. pr. Chem., 1882, 26, 299). It was shaken 
with two portions of powdered potassium permanganate during 6-hour periods, distilled, dried (P,O,), 
and shaken with mercury for several hours. It was then distilled again, dried with phosphoric oxide, 
and fractionally distilled from this reagent. The middle fraction, of constant b. p. (within 0-05°), 
had b.p. 45-2°, dj 1-2558,, e° 2.6334 (Jenkins and Sutton found d?° 1-2558, e*® 2-6328). 

A sample of n-heptane conforming to the National Bureau of Standards Specification was dried 
(P,O,) and distilled in an all-glass apparatus. The middle fraction had d?° 0-6794,, n? 1-3852, e* 1-9095. 
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TABLE II. 

Polarisation Data. 
100w,. E19: V4. Pie P,. Np. T13- [Rp]. 

Aniline in n-heptane. 
0-0000 19095 1-47171 0-34238 1:38518  0-34503 
1-7660 1-9461 1-48353 0-35089 76-76 1-38736 0-34493 31-61 
2-8676 11-9695 1-45836 0-35619 76-72 1-38887 0-34481 31-41 
4-0306 11-9958 1-45292 0-36209 77-42 1-39051 0-34481 31-62 
49712 2-0169 1-44848 0-36669 77-42 139151  0-34454 31-21 
5-8055 2-0362 1-44444 0-37083 77-52 1-39257 0-34440 31-11 
5-8406 20370 1-44431 0-37101 77-53 1-39261 0-34440 31-12 
73927 2:0734 1-43678 0-37861 77-52 1-39470 0-34422 31-10 - 

a = 2-050; a’ = 2-26; B = — 0-4584; P,,, = 77-20 c.c.; [Rp] = 31-12 c.c.; 
p = 1-477 D. 
Aniline in carbon tetrachloride. 


0-0000 2-2252 0-63113 0-18301 1-45758 0-17208 
0-5910 2-2552 0-63312 0-18676 76-09 1-45878 0-17301 30-68 
0-8405 2-2677 0-63405 0-18834 , 1-45938 0-17346 31-31 
1-4121 2-2968  0-63604 0-19196 , 1-46057 0-17439 31-26 
3-1030 2-3323 + 0-63842 0-19633 ° 1-46183 0-17547 31-04 
3-3105 2:3958  0-64260 0-20404 , 1-46455 0-17750 31-27 , 
3-7571 2-4192 0-64410 0-20685 , 1-46544 0-17821 31-22 . 0-345 
4-9175 2-4810 0-64813 0-21421 ° 1-46776 0-18009 31-20 of 0-345 
5-6873 2-5226 0-65072 0-21907 , 1-46940 0-18135 31-20 : 0-344 
a=65-03; a’ =3-05; B = 03474; P,,. = 7610 c.c.; [Rp] = 31-20 c.c.; Py = 43-34 c.c,; 
p = 1-458 D. 
Aniline in carbon disulphide. 


0-0000 2-6334  0-79631 0-28072 
1-0474 2-6740 0-79859 0-28602 73-26 3-88 0-218 
1-2043 26804 0-79891 0-28683 73-39 3-90 0-216 
2-0620 2-7146 0-80079 0-29123 73-60 3-94 0-217 
2-9551 2-7498  0-80267 0-29570 73-35 3-94 0-215 
5-4562 2-8512 0-80789 0-30829 73-20 3-992 0-212 
6-0234 2-8754 0-80907 0-31122 73-30 4-018 0-212 
6-8934 29120 0-81087 0-31563 73-30 4-042 0-211 
a = 3-865; a’ = 2-57; B = 0-2175; P,,. = 73-34 c.c.; [Rp] (assumed) = 30-7 c.c.; Py = 41-11 
c.c.; p = 1-420 D. : 


Experimental Methods.—The dielectric constants, specific volumes, and refractive indices were 
determined as previously described and the same methods were used in calculating the values of P,,, and p. 
The results are recorded in Table II, where the symbols have the same significance as previously. 


The authors are indebted to Messrs. Imperial Chemical Industries Limited for the loan of a precision 
variable air condenser, to the Dixon and Central Research Funds of the University of London for grants 
for the purchase of equipment, and to the Anglo-American Oil Company for the gift of a sample of pure 
n-heptane. They also thank the Department of Scientific and Industrial Research for a Maintenance 
Grant to one of them (A. V. F.). 
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645. The Oxidation of Some Higher Aromatic Hydrocarbons with 
Perbenzoic Acid. 


By Ivan M. Rott and Witttam A. Waters. 


Perbenzoic acid oxidation of anthracene, benzanthracene, naphthacene, 1 : 2 : 5 : 6-dibenz- 
anthracene, and similar compounds in chloroform solution at 0° has been examined. In each 
case oxidation occurs in the meso-positions and not at potential ethylenic double bonds. The 
results accord with the view that perbenzoic acid is an electrophilic agent of a quite normal 


type. 


REcENT work (cf. Robertson and Waters, /J., 1948, 1578) has indicated that alkyl hydro- 
peroxides may in part break down to free hydroxyl radicals which, as work in this laboratory 
has shown (Merz and Waters, this vol., pp. 2427, S 15), are able to oxidise benzene and other 
aromatic substances. It therefore seemed possible that analogous reactions might occur with 
acyl peroxides such as perbenzoic acid, CgH,*CO*-O-OH. In this connection the brief report 
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of Eckhardt (Ber., 1940, 78, 13) that of polynuclear aromatic hydrocarbons only the 
carcinogenic compounds were significantly attacked by perbenzoic acid in cold chloroform 
aroused interest, particularly since perbenzoic acid, like osmium tetroxide [which Cook and 
Schoental (J., 1948, 170) and Badger (this vol., p. 456) have shown to attack polycyclic aromatic 
hydrocarbons in an unexpected manner] is widely used as a specific oxidiser of olefinic double 
bonds. 

’ We have therefore examined the action of perbenzoic acid in chloroform solution at 0° on 
a number of hydrocarbons, We have isolated characteristic reaction products from the 
majority of them. In general our results accord with those of Eckhardt, but we have found 
that, given sufficient time, perbenzoic acid does appreciably attack many non-carcinogenic 
aromatic hydrocarbons, as the following table shows. 


Atoms of oxygen taken up per mol. of hydrocarbon. 
Hydrocarbon. 
Diphenylmethane 
Triphenylmethane 
Fluorene 


Mesitylene 

Acenaphthene 

Anthracene 

1 : 2-Benzanthracene 

1: 2:5: 6-Dibenzanthracene 
9-Methylanthracene 


rere Oo % + 644 bt 
Ae&&ASSHEH SH 


Few of these oxidations appear to proceed to completion : many virtually stop after about a 
week, even when the reaction mixture still contains both titratable peroxide and unchanged 
hydrocarbon, and a complicated sequence of consecutive reactions is evidently involved. Thus, 
as in the case of lead tetra-acetate oxidation (Fieser and Hershberg, J. Amer. Chem. Soc., 1938, 
60, 1893, 2542; Fieser and Putnam, ibid., 1947, 69, 1038), simple connections between structure, 
rates of oxidation, and carcinogenic properties cannot clearly be traced. 

Whilst the kinetics of the oxidations are complex, so too are the mixtures of oxidation 
products which are formed. Anthracene was oxidised in part to anthraquinone and in 
part to a phenol, possibly anthraquinol, which was readily autoxidised in alkaline solution 
to yield a further quantity of anthraquinone; anthrone however could not be detected. 
Anthraquinone was also isolated from 9-methylanthracene. Both 1: 2-benzanthracene and 
1: 2:5: 6-dibenzanthracene were oxidised, in part, to their meso(9 : 10)-quinones, and there 
was no evidence of oxidation in the ‘‘K” or “ phenanthrene positions” 3 and 4 which are 
prone to attack by osmium tetroxide. Similarly naphthacene was oxidised to naphthanthra- 
quinone. Traces of benzophenone were formed from diphenylmethane, and traces of «-tetralone 
from tetralin. 

Thus the action of perbenzoic acid on polycyclic aromatic hydrocarbons is not directly 
related to the ‘“‘ double-bond characters” of particular parts of these molecules, but seems to 
follow the same course as the oxidations which can be effected by chromium trioxide and lead 
tetra-acetate. Again, all these oxidations are very much slower than is the normal Prileschajew 
reaction between perbenzoic acid and an olefin. 

Free-radical theories of oxidation by perbenzoic acid are to be discounted because those 
hydrocarbons which are easily autoxidised, e.g., tetralin and indane, are amongst the least 
prone to attack. In contrast, oxidation seems to set in at the expected reactive centres of 
aromatic nuclei rather than at attached methylene groups, and this is in full accord with 
Swern’s view (J. Amer. Chem. Soc., 1947, 69, 1692) that the per-acids are electrophilic reagents 
which tend to provide electropositively-polarised hydroxyl groups rather than neutral hydroxyl 
radicals. 

Finally we examined very briefly the action of ozone on anthracene, since this did not appear 
to be fully known, and found that here again anthraquinone was an eventual reaction product. 
In view of the recent work of Cavill, Robertson, and Whalley (this vol., p. 1567) on the 
oxidations of some of the hydrocarbons which have been referred to above, this is but to have 
been expected. 


EXPERIMENTAL. 


Oxidation of Anthracene.—Anthracene (4 g.), purified by distillation with ethylene glycol (Fieser, 
“ Experiments in Organic Chemistry,” 1941, p. 345, footnote), was dissolved in dry, freshly purified, 
9m 





PE SES 


Taser eer wa tre or 


3062 The Oxidation of Some Higher Aromatic Hydrocarbons, etc. 


alcohol-free chloroform (260 ml.) containing perbenzoic acid [3-6 § recently made in n/10-solution in 
chloroform (Vogel, ‘‘ Practical Organic Chemistry,” p. 766)] and kept in a refrigerator for 6 days. 
After the chloroform solution had been shaken with sodium hydrogen carbonate solution to remove 
benzoic acid, phenols were separated by extraction under nitrogen with 7% sodium hydroxide solution, 
and the remaining liquid was evaporated to a From the brownish solid some unchanged 
anthracene (m. p. 196°} was separated by fractional crystallisation from alcohol. The remainder of the 
product was dissolved in benzene and — down a column of activated alumina. In this way 
anthracene and anthraquinone (m. p. and mixed m. p. 273°, after recrystallisation from benzene) were 
successively eluted and separated, leaving only a cmel amount of dark, strongly adsorbed residue. 

The sodium hydroxide solution was deep red. A portion which had been exposed to the air for 
3 days was found to have deposited a brownish solid which after purification proved to be anthraquinone. 
Acidification of the phenolic fraction gave a gum from which attempts were made, without success, to 
separate anthrone. On oxidation with chromic acid this crude material gave pure anthraquinone. 

Oxidation of 9-Methylanthracene.—0-5 G. of this hydrocarbon (Sieglitz and Marz, Ber., 1923, 56, 162) 
was dissolved in a chloroform solution of perbenzoic acid (1-0 g.). The solution became deep-yellow. 
After storage in a refrigerator for several days it was shaken with dilute sodium hydroxide solution, 
dried, and evaporated, whereupon ye needles of anthraquinone separated (m. p. and mixed m. p. 274°, 
from benzene); a further quantity of this was obtained from the mother-liquors by chromatographic 
separation on alumina. 

Oxidation of 1 : 2-Benzanthracene.—Benzanthracene (0-5 g.) (Fieser, “‘ Organic Reactions,”’ Vol. I, 
p. 139), which had been purified chromatographically, was dissolved in a n/10-solution of perbenzoic 
acid (3-0 g.) in chloroform and stored in a refrigerator. The solution became yellow and then orange, 
and finally reverted to yellow. After 6 days it was washed twice with 5% sodium hydroxide solution 
and then with water, dried, and evaporated. The residual reddish resin was dissolved in benzene and 
passed through an alumina column. After a small quantity of unchanged hydrocarbon had been eluted, 
a lemon-yellow band followed, and this fraction on evaporation gave an orange-yellow solid which 
sublimed at its m. p. (144°). Two recrystallisations from methanol gave yellow needles of mesobenz- 
anthraquinone, m. p. 166° (0-12 g.); this m. p. was unchanged after admixture with an authentic 
specimen prepared by oxidising benzanthracene with chromic acid. The residue from the column was 
a red amorphous material which failed to sublime in vacuo or to crystallise. 

Oxidation of 1: 2: 5 : 6-Dibenzanthracene.—Dibenzanthracene (0-5 g.) was dissolved in 7 equivalents 
of a n/10-solution of perbenzoic acid in chloroform and stored in a refrigerator. After small portions 
had been removed for analyses during a week, the remainder of the solution was worked up as described 
above. Chromatographic fractionation on alumina separated first some unchanged hydrocarbon, and 
then mesodibenzanthraquinone, which crystallised excellently, in long orange-yellow needles from a 
mixture of chloroform and ethyl alcohol and had m. p. 250° (Cook, J., 1932, 1477, gives the m. p. as 
248—250°). It gave a red solution with alkaline sodium dithionite. 

Oxidation of Naphthacene.—The hydrocarbon (0-3 g.) was suspended in purified chloroform containing 
perbenzoic acid (1-5 g.). After 5-days’ storage in the refrigerator, all the hydrocarbon having then 
dissolved, the liquid was shaken with sodium hydroxide solution and then water. After evaporation, 
the residue was dissolved in benzene and passed through an alumina column. The first band to be 
eluted was red and consisted of unchanged naphthacene, but the next band was orange-yellow and 
after evaporation and recrystallisation yielded naphthacenequinone, m. p. 294°. 

Oxidation of fluorene, diphenylmethane, and tetralin was carried out in a similar way, though with 
all of these very little reaction occurred. Small amounts of the 2: 4-dinitrophenylhydrazones of the 
corresponding ketones were obtained from each and were identified by mixed m. p.s. 

Ozonolysis of Anthracene.—Ozonised oxygen was passed for 5 hours through a solution of purified 
anthracene (4 g.) in acetic anhydride (350 ml.) at 0°. The resulting yellow solution was carefully poured 
on ice—water and set aside overnight. The yellow solid which separated was collected, dissolved in 
benzene, and passed down an alumina column. The first band to be eluted contained anthracene, and 
the second anthraquinone (m. p. and mixed m. p. 273°). 

Relative Speeds of Oxidation—The hydrocarbons listed in the table were each dissolved in a 
chloroform solution of perbenzoic acid to give initial mixtures containing 4 mols. of perbenzoic acid per 
mol. of hydrocarbon. They were stored just below 0° in a refrigerator in glass-stoppered vessels, and 
samples were taken at daily intervals for titration with sodium thiosulphate after addition of potassium 
iodide and acetic acid. With each set of experiments there was also stored a comparison batch of 
perbenzoic acid in the same sample of chloroform. When due care was observed in preparing the 
solutions, the drop in titre of this blank reagent was quite small and decidedly less than that of any of 
the reacting mixtures. Reactions were often coftinued for 10—14 days, but, though oxidation frequently 
ceased after 5—7 days, in few of the mixtures was all the perbenzoic acid consumed. The data 
summarised in the table indicate only the significant trends of the oxidation curves for each hydrocarbon 
and have been computed by subtracting the drop in titre of the blank reagent. 


We thank Mr. E. J. Bowen, F.R.S., for the gift of the specimen of naphthacene and Professor 
E. Boyland for the gift of the 1 : 2: 5 : 6-dibenzanthracene. 
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646. The Organic Compounds of Gold. Part XII. The Constitution of 
Co-ordination Complexes of Dialkylgold Compounds with Diamines 
containing the N-C-C-N Grouping. 


By M. E. Foss and C. S. Grsson. 


A re-examination of the physical (molecular weight and conductivity measurements) and 
chemical properties of co-ordination compounds containing the 2-covalent dialkylgold group 
(R,Au:), has given important information concerning the constitution of the ethylenediamine 
and 2 : 2’-dipyridyl derivatives. 

In the case of ethylenediamine, two types of derivative have been described, viz., (a) salts, 
[R,Auen]*X- (X = halogen, R = alkyl, en = ethylenediamine), soluble in water, and (b) 
compounds previously considered as R,XAuenAuXR, (X = halogen, CN), with ethylenedi- 
amine bridging the two gold atoms, but now shown to be electrolytes having the constitution, 
[R,Auen]*{R,AuX x 
Whereas earlier attempts to prepare 2 : 2’-dipyridyl complexes with both nitrogen atoms 
linked to the same gold atom were reported as being unsuccessful, evidence is now given for the 
existence in aqueous solution of the compound [Et,Audipy]+X~- (X = Br), and compounds 
have been obtained, analogous to type (a), in which the halogen is yim by the less powerfully 
co-ordinating nitrate and picrate groups. Moreover, the dipyridyl derivatives hitherto regarded 
as non-electrolytes, R,XAudipyAuXR, (X = Br) are, like the corresponding ethylenediamine 
complexes, salts of the form [R,Audipy]+[R,AuX,]~ with the base linked to the gold atom 
through both nitrogen atoms. The properties of these type-(b) derivatives, and in particular 
the readiness with which they lose half their alkyl groups in low-boiling solvents, are readily 
explained in the light of their revised constitution. 

The fact that o-phenanthroline yields complexes of both a (a) and (6) confirms the 
constitution of type-(b) ——— since the rigid structure of the o-phenanthroline molecule 
eliminates any possibility of bridging. 

The complexes formed by tetraethylsulphatodigold, previously thought to be non- 
electrolytes (J., 1941, 102) are found to be salts with the constitution, 


(Et,AuDi),++ [ Btu soi >AuEt,) | (Di = en or dipy) 
The inabilty to assume the simpler form SS ea is additional evidence that 


the four-membered ring in the anion [Et,AuSO,]~, comprising a gold atom, two oxygen atoms, 
and a sulphur atom, is not permissible (J., 1941, 109). 


_ 


TE complexes formed by diamines such as ethylenediamine are, in general, characterised byja 
stability considerably greater than that of the corresponding complexes formed by monoamines 
(e.g., ammonia, pyridine). This is to be ascribed largely to chelation involving the formation 
of 5-membered rings. The N-C-C-N grouping from a diamine is necessarily more restricted 
in the number of possible configurations, which may arise owing to flexibility, than a larger 
diamine, i.e., NH,*[CH,],*NH, where m = >2, and this accounts for the observation of Bailar 
and Work (J. Amer. Chem. Soc., 1946, 68, 232) that ethylenediamine (en) forms complexes 
with the transitional metals more rapidly than does trimethylenediamine. Further evidence 
for the greater stability of the 5-membered ring is provided by the experiments of Pfeiffer and 
Haimann (Ber., 1903, 36, 1064) with chromium and trimethylenediamine, and by the 
investigations of Mann (J., 1927, 1224) in resolving the externally compensated tetrachloro- 
(1 : 2: 3-triaminopropane 3-monohydrochloride)platinum, a result only possible if co-ordination 
takes place through the 1- and 2-positions. 

Both ethylene- and trimethylene-diamine, however, give rise to chelate rings with metals 
having co-ordination numbers of 4 or 6, and it is only higher members of the diamine series 
(n = >8) which act preferentially as bridges, with the two amino-groups linked to different 
metal atoms (Drew and Tress, J., 1933, 1335). Examples of this type of bridging involving 
ethylenediamine are very rare (Chernyaev, Ann. Inst. Plat., 1926, 4, 243; 1928, 6, 23; 
Brintzinger and Plessing, Z. anorg. Chem., 1939, 42, 193; O’Brien, J. Amer. Chem. Soc., 1948, 
70, 2771), and-in the few cases known it is often possible to suggest alternative constitutions. 
Clearly, however, en complexes of 2-covalent ions, such as Ag* and Au’, are almost certainly 
not chelates in view of the linear arrangement of the two valency bonds (Elliott and Pauling, 
J. Amer. Chem. Soc., 1938, 60, 1846; Gibson, Proc. Roy. Soc., 1939, A, 178, 160; West, Z. Krist., 
1935, $0, 555). 

In the light of these facts, we have reconsidered the published data concerning the ethylene- 
diamine complexes in the dialkylgold series, and have compared the behaviour of these 
complexes with that of the corresponding 2: 2’-dipyridyl and o-phenanthroline complexes 
in which the possibility of bridging two gold atoms is respectively reduced and eliminated. 

Gibson ef al. (J., 1930, 2531; 1931, 2407; 1935, 219; 1939, 762) have shown that, when 
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dialkylhalogenogold compounds (I) are treated with ethylenediamine, derivatives of two types 
may be isolated: (i) water-soluble salts, having the general formula (II); and (ii) compounds 
insoluble in water, to which was assigned the structure (III) by analogy with the 
non-electrolytes (IV) formed from monoamines (J., 1930, 2531). 


R x R + xX 
ry ite | | 
B.. ra Bn Joie X- R—Au<NH,‘[CH,],,NH,>Au—R 
" in R R ‘nu, 
peel (II.) (III.) (IV.) 
(R = Me, Et, Pr; X = Br, I; A = NH,, C,H,)). 


Whilst the first type (II) of compound is formed readily in the presence of excess of 
ethylenediamine, rather more care must be exercised in order to obtain the second type, because 
of the latter’s tendency to pass into (II) in concentrated solution, according to the following 
equilibrium (Part IV, J., 1935, 219) : 

R,Au,Br,en ==> [R,Auen]*Br~ + (R,AuBr), 
A characteristic feature of the bridged compounds thus formulated is the ease with which they 
undergo decomposition in boiling chloroform, benzene, or ethanol with the loss of two alkyl 
groups. In the case of the di-n-propyl bromo-compound, this decomposition was studied in 


some detail by Burawoy and Gibson (Part IV, Joc. cit.), and the change was represented as 
follows : 


R NH 


Br r r Pra + 


5 HAY ; 
Pro—Au<en->Au—Pr2  ——> Pr2—Au<en—->Au—Br + 2Pr™ Ya en| AuBr,~ 
x 
rm a Pra 


(V.) (VIa.) (VIb.) 


It is immediately apparent that all four propyl groups in (V) are equivalent, and such a scheme 
fails to explain why the two remaining propyl groups are not lost with the same ease to give a 
final product (VII) : 

Br—Au<-NH,'[CH,],"NH,>Au—Br (VII) 


A cryoscopic determination of the molecular weight of the dealkylated product Pr®,Au,Br, in 
nitrobenzene (by the technique of Roberts and Bury, J., 1923, 2037, in order to avoid the 
influence of atmospheric moisture) has now shown that the compound is an electrolyte, since 
the values obtained approach half the formula weight, with increasing dilution. Moreover, 
the nitrobenzene solutions are found to be conducting, and we therefore believe that the 
compound (VIa) is more correctly formulated as (VIb) and accordingly may be renamed 
ethylenediaminodi-n-propylauric bromoaurite.* There is a close parallel in the case of ethylenedi- 
amine complexes of the dialkylmonocyanogold compounds. Here salts of the type (II; 
X = CN) have not been isolated; but the supposed bridged complexes (VIII) are already 
known to give rise to cyanoaurites (IX) on dealkylation (Part V, J., 1935, 1024) : 


CN CN R + 


ae 
(VIII.) R—Au<en>Au—R —> > en| Au(CN),~ + 2R> (IX.) 
K 


R x Ra- 

i od ed 

> > ae en} AuX,~ + 2R° (XI.) 
R x ‘R R * 

(R = Me, Et, Pm; X = Br, I, CN). 


Arising from this, it seemed not unlikely that the parent ethylenediamine complexes might 
themselves be electrolytes formulated generally as (X). Previously, Burawoy and Gibson had 
found values of 791 and 753 for the molecular weight of the di-n-propylbromo-compound, in 
two different concentrations in nitrobenzene, and concluded that it must have the constitution 


* Compounds marked * are renamed, having been previously described under a different name in 
keeping with the constitution then accepted. 
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(V) (Requires M, 786). For the diethylcyano-compound they quote 599 and 625 compared 
with 623 for the non-electrolyte (VIII; R = Et). 

We have made a fresh series of measurements over a wider range of concentrations, on the 
same cyano-compound and on the diethylbromo-compound, which was considered as being 
similarly constituted to the propyl analogue (V) although its molecular weight was not 
determined (Part VIII, J., 1941, 102). The results, represented graphically in the figure indicate 
that in dilute solution the apparent molecular weight in nitrobenzene approaches half the 
formula weight in each case, and that in more concentrated solution multiple ionic association 
occurs so that the apparent molecular weight may, in certain concentrations, approximate to, 
and even exceed, the formula weight. This is reminiscent of the behaviour in organic solvents 
of certain tetra-alkylammonium halides, and of the unsymmetrical diamine complex (XII) 
upon which comment is made in Part X (J., 1949, 431) : 


Et NEt, + 
, 4 
‘ ‘cH, Br- (XII) 
Et - NH, 


The existence of ions in nitrobenzene is confirmed by the marked increase in conductivity when 
either of the compounds Et,Au,(CN),en or Et,Au,Br,en is added to pure nitrobenzene. Under 
the same conditions, diethylmonocyanogold (tetramer) which is known to be a non-electrolyte 
(Part V, loc. cit.) produced no such change in conductivity. 

It is therefore beyond doubt that all the supposedly bridged complexes so far examined 
are in fact electrolytes, having ethylenediamine chelated as in structure (X). This being so, 
the four alkyl groups are no longer equivalent and, since the alkyl groups in the cation show no 
tendency to be eliminated in low-boiling solvents [ethylenediaminodiethylgold bromide 
(Il; R= Et, X = Br) may be recrystallised unchanged from boiling alcohol], it must be the 


Oo Oo 
K_A 
Ss 
, 
oO oO 
\ 
Au 
a.” 7 
Ef H,N-(CH,],NH, 
(XIII) 








{|x.0 A oa, i 
SO,-~ + (Et,Au),(SO,), —> 2 ‘Au 


so,-- 


a 
Et OH, 4s 
(XVI.) (XVIII) 


two alkyl groups in the anion which are split off the more readily to give a compound (XI) 
having one gold atom in the aurous state. 

Tetraethylsulphatodigold (XVI) resembles disthy yanogeld, in that only one 
ethylenediamine complex can be isolated. To this also igned a bridged structure 
(XIII) and it was necessary to postulate an ionic form (XIV) in water, in order to account for 
the presence of sulphate ions. 
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On account of the sparing solubility of the complex in all solvents except water—in which 
it disproportionates—and ethyl or methyl alcohol—from which it may be recrystallised 
unchanged—it has not been possible to determine the molecular weight cryoscopically. The 
ebullioscopic method is also impracticable because the maximum elevation to be expected is 
too small for convenient measurement. However, a methanolic solution is conducting, and 
therefore by analogy with ethylenediaminodiethylauric dibromodiethylaurate (KX; R= Et, 
X = Br), a constitution (XV) is suggested. This implies a molecular formula of twice the 
empirical formula Et,Au,SO,en and dissociation to give three ions. In water, ethylenediamino- 
diethylauric tetraethyl-y-disulphatodiaurate * (XV) probably exists in equilibrium with ethylene- 
diaminodiethylauric sulphate (XVII) and tetraethylsulphatodigold (XVI), the latter actually 
existing as the aquo-salt (XVIII) (see Part VIII, Joc. cit.). This is strictly comparable with 
the behaviour of complexes [R,Auen]*[R,AuBr,]~ mentioned above. Further evidence in 
support of these views regarding the ethylenediamino-sulphato-complex, is obtained from a 
study of the corresponding 2 : 2’-dipyridyl complex, discussed later. 

Whereas ethylenediamine has long been known to chelate with gold in such compounds as 
(II), attempts to prepare 2 : 2’-dipyridyl complexes, in which both nitrogen atoms are attached 
to the same gold atom, were reported as being unsuccessful (Part VIII). Certainly, in studies 


+ - a ++ 
| 
Ny/ 


SO,-- (XX) 





NZ 
| 

u. \ if” Js 

of the reaction of 2: 2’-dipyridyl (dipy) with diethylbromogold (Part VII, J., 1939, 762) and 
with tetraethylsulphatodigold (Part VIII) it had not been possible to isolate (XIX; Y = Br) 
or (XX). Even with a large excess of dipyridyl, the products contained only one dipyridyl 
group per two gold atoms, viz., Et,Au,Br,dipy and Et,Au,SO,dipy, and were considered to be 
non-electrolytes (XXI) and (XXII), with dipyridyl bridging the two gold atoms. In view of 


O 
x ff 


S 
’ 
O O 
XXII. 
(XXI.) Au a / 
i Et 
Et ‘dipy” Et dipy 
the well-known tendency for 2: 2’-dipyridyl to form chelate compounds with univalent, 
bivalent, and tervalent metals [e.g., (Ag,3dipy)*+, (Ni,3dipy)*+, (Fe,3dipy)+*, (Pt,2dipy)** ; 
Morgan and Burstall, J., 1930, 2594; 1931, 2213; 1932, 20; 1934, 965], it seemed somewhat 
surprising that it should not chelate with the bivalent R,Au: group, and we therefore decided 
to investigate this possibility more thoroughly. 
That R,Au: is able to form such ring complexes was shown by treating diethylbromogold 


Et Br Et Et + 
Ye 4 
Au 
x 
EY’ Br Et Et 7 
(X XIII.) 


X a 
A + 2dipy + 2 AgNO, = 2AgBr | + 2 Au dipy | NO,- 
dé. Yi. 


(I; R= Et, X = Br) with dipyridyl and silver nitrate. The halogen was replaced in this 
way, in order to create conditions more favourable for ring formation, because it is known that 
a nitrate group becomes linked to gold less firmly than the more polarisable halogen (Weitz, 
Annalen, 1915, 410, 117). The product is the complex salt, 2 : 2’-dipyridyldiethylauric 
nitrate (XXIII). 

An aqueous solution of (XXIII) has the properties of a strong electrolyte; the limiting 
value of the equivalent conductivity is 101 mhos at 25°, and with an allowance of 71 mhos 
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for the mobility of the nitrate ion the mobility of the complex cation is 30 mhos (the 
mobility of the triethylbutylammonium ion, a cation with the same number of atoms, is 
29 mhos). When the aqueous solution is treated with picric acid, the sparingly soluble 
2: 2’-dipyridyldiethylauric picrate (KIX; Y = C,H,(NO,),°O~-) is precipitated. This picrate 
dissolves readily in nitrobenzene, and cryoscopic measurements show that it is dissociated. 

Having demonstrated the existence of a 2 : 2’-dipyridyldiethylauric cation, we re-examined 
the reaction between dipyridyl and diethylbromogold in benzene, and in agreement with Brain 
and Gibson (Part VII) have succeeded in isolating only one product (A) with a composition 
Et,Au,Br,dipy. The melting point of 169° (decomp.), previously quoted, however, is erroneous. 
The correct melting point is 121°, but we have observed that in a few instances no very obvious 
change has occurred at this temperature; and final decomposition has taken place at 169°. 
The reason for this became evident when, in attempting a recrystallisation of the substance A 
from boiling alcohol, a vigorous gas evolution took place, accompanied by the separation of 
very sparingly soluble colourless needles, having the composition Et,Au,Br,dipy and melting 
at 169°. This new compound (B) has been formed by elimination of two ethyl groups from 
A in solution, and a similar change may take place in a melting-point tube if the rate of heating 
is slow. When either A or B is heated rapidly in the solid state, at or just below its melting 
point, complete dealkylation occurs to give two molecules and one molecule, respectively, of 
n-butane, leaving a residue of aurous bromide, dipyridyl, and a trace of gold. The mode of 
decomposition resembles that of diethylthiocyanatogold, for which a chain mechanism has 
been suggested (Gent and Gibson, Part XI, this vol., p. 1835). 


Heat 
Et,Au,Br,dipy ———>» 2C,H,. + 2AuBr + dipy 
(A) solid 


In boiling 
EtOH 


Heat 
C,Hy» + Et,Au,Br,dipy ———> C,Hy + 2AuBr + dipy 


The dealkylation of A in boiling alcohol, to give B, is analogous to the behaviour of the 
ethylenediamine complexes (X) and is to be interpreted in the same way, so that A is 2 : 2’-di- 
pyridyldiethylauric dibromodiethylaurate* (XXIV) instead of (XXI) suggested by Brain and Gib- 
son, and B is 2: 2’-dipyridyldiethylauric bromoaurite (KXV). These structures were confirmed by 


Et + Br Et 5- Et + 
¥ i i. a 
Au dipy Au —_ Au dipy| AuBr,~ + 2Et- 
x 
Et bs Br Et Et 
(XXIV.) (XXV.) 


a study of physical and chemical properties. In nitrobenzene the values of the ratio (7) of the 
observed freezing-point depressions (A/,,,) to the depressions calculated for molecular weights 
of 826 and 678 (AZ,,),.) approaches 2 at infinite dilution. The law of mass action is obeyed and, 
further, the nitrobenzene solutions are conducting. 

The bromoaurite (X XV) is de-ethylated only in high-boiling solvents such as toluene or 
xylene. The solids separating from boiling toluene and xylene are very sparingly soluble 
reddish-brown substances of variable constitution. Because of their sparing solubility, it was 
not possible to purify or identify them completely, but they are typical bromoaurates. Such 
products admixed with gold are to be expected from the decomposition of a bromoaurite (Brain, 
Gibson, and I.C.I. Ltd., B.P. 497,746). 

A further indication of the non-equivalence of the four ethyl groups of (XXIV) is afforded 
by its reaction with bromine in chloroform to give an immediate precipitate of 2 : 2’-dipyridyl- 
diethylauric bromoaurate (KXVII). It is interesting to note that (X XVII) is also obtained when 
monoethyldibromogold (X XVI) is treated with dipyridyl, so that the result of treating diethyl- 
bromogold with bromine and 2 : 2’-dipyridyl is independent of the order in which these two 
reactants are used. 

If an excess of bromine is used, the initial reaction with (XXIV) is followed by a slower 
reaction yielding 2: 2’-dipyridyl dibromoaurate (XXIX) as the ultimate product. This 
subsequent reaction probably goes through the intermiediate 2 : 2’-dipyridyldibromoauric 
bromoaurate (K XVIII), hydrobromic acid arising from bromination of the solvent. It was not 
possible to isolate (KX VIII), because the sparing solubility of both (X XVII) and (XXIX) 
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makes it difficult to stop the reaction at the appropriate stage; however, it has been prepared 
from 2: 2’-dipyridyl and potassium bromoaurate, using the method of Gibson and Colles 


dipy 
(I) ———- (XXIV) 


Br in {oct ‘ Brin | CHCl, 


yB Bi 
Dag, > Laartaer] [ee] 


(XXVI.) | cc. (XXVIL.) 


— 2KBr Br. x + Br. Br~ 
KAuBr, + dipy ———> [ an dipy Aug "| —> dipy H,*+(AuBr,),-~ 
B x Br Br 


(XXIX.) 
(X XVIII.) 


(Part II, J., 1931, 2407) and shown to give dipyridyl dibromoaurate (X XIX) with hydrobromic 
acid. 

Whereas the reaction between dipyridyl and diethylbromogold in benzene appears to take 
the same course, however large an excess of dipyridyl is used, there is evidence that 2 : 2’-di- 
pyridyldiethylauric bromide (KIX; Y = Br) exists in aqueous solution. Both 2 : 2’-dipyridyl 
and diethylbromogold are, separately, sparingly soluble in water, but when shaken together 
in the molar proportions of 2: 1 they dissolve readily. From the resulting aqueous solution 

Et Br Et Et i + 
X 
Nae” Au’ +2dipy —> 2 » dipy | Br- 
x K 
EY Br’ Nat Ei’ 
(XIX; Y = Br.) 


the picrate (XIX; Y = picrate) may be precipitated with picric acid. This indicates the 
presence of dipyridyldiethylauric ions, and since dipyridyldiethylauric dibromodiethylaurate 
(XXIV) is sparingly soluble in water the dissolved complex must be the bromide (XIX; 
Y = Br). On concentration of the solution in order to isolate the bromide, however, an oil 
remains (cf. the behaviour of diethylbromogold and 2-ethylthioethylamine; Ewens and 
Gibson, Part X, Joc. cit.). This cannot be induced to crystallise, save by washing with benzene, 
which extracts half the dipyridyl, leaving the crystalline complex (XXIV) : 


Et 
¥ 
Au dipy| Br- =» (XXIV) + dipy 
x 
Et 


Two equilibria are postulated in order to a this observation : 
Br 


Et + Saat ie, 2 
4 
dipy | + Br- a Au Au + Br- —— 
x rae. * at 
Et Et dipy$ Et dipy 
(XXX.) 


It has previously been noted that when dipyridyl links to gold it does so through both its 
nitrogen atoms, and there is a little tendency for one of the nitrogen atoms to co-ordinate alone. 
The first equilibrium must lie almost entirely to the left. However, when once a nitrogen-gold 
link is severed, 2 : 2’-dipyridyldiethylbromogold (XXX) is produced, and the dipyridy] is held 
only as firmly as any monoamine and should be displaced very easily by a further bromide 
ion to give the dibromodiethylaurate ion. The second equilibrium must therefore lie 
predominantly to the right. 

In the process of concentrating the aqueous solution of (KIX; Y = Br), the bromide ion 
concentration si incgeased. This, in itself, is insufficient to bring about appreciable conversion 
of 2 : 2’-dipyridyldiethylauric ions into dibromodiethylaurate ions, but the addition of benzene 
to the oil, by removing dipyridyl, assists the displacement of both equilibria to the right, and 
dibromodiethylaurate ions are precipitated as (XXIV), with unchanged dipyridyldiethylauric 
ions. That this is essentially the course of events is clear, because the same equilibria may be 


—— 
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demonstrated in dilute aqueous solution. If a dilute solution of 2: 2’-dipyridyldiethylauric 
bromide is treated with an excess of potassium bromide, the equilibrium is not displaced 
sufficiently to cause precipitation of (XXIV). If a similar aqueous solution is extracted with 
benzene, this also is insufficient, but, when the solution containing added bromide ions is thus 
extracted, a precipitate of (XXIV) is formed. 

By investigating the properties of the 2 : 2’-dipyridyl complex from tetraethylsulphatodi- 
gold, the base is again shown to be chelating, and the constitution (XXII) assigned to the 


Et 
4 
Au dipy 
AS 
Et 


complex by Gibson and Weller should be modified. The most obvious alternative (XX XI) 
readily accounts for the fact that 2: 2’-dipyridyldiethylauric ions may be precipitated from 
aqueous solution, as the picrate (XIX; Y = picrate), but the existence of the four-membered 
ring in the anion, containing a large gold atom and three smaller atoms, is known to be highly 
improbable (Part IX, J., 1941, 109). Further evidence in support of this is provided by 
cryoscopic measurements of the molecular weight of the complex in nitrobenzene. The 
apparent molecular weight at infinite dilution is 515, which is almost exactly two-thirds of the 
value (762) required by the empirical formula Et,Au,SO,dipy. Clearly, this is not 
the value to be expected from (XXXI), which would dissociate into two ions, and 
the more satisfactory interpretation is that the undissociated compound has a formula 
Et,Au,(SO,),dipy,—twice the empirical formula—and that it dissociates to give three 
ions. We therefore infer that the complex in nitrobenzene solution has the constitution 
(XXXII) and can be renamed 2: 2’-dipyridyldiethylauric tetraethyl-y-disulphatodiaurate,* 


— Oo Oo 7<—-< 
KA 
/ [s 

fe) fe) t 

(XXXIL.) 


E 
~ wg 
oo *& 


oO t 
ba 

¥™M 

L oO oO al 

The tetraethyl-y-disulphatodiaurate ion, comparable with the dibromodiethylaurate ion 

occurring in (XXIV), can arise from tetraethylsulphatodigold (XVI) as shown below. 

The relative stability of the large anion, containing an eight-membered ring, is undoubtedly 
associated with the possibility of various resonance forms, of which the two main types are 
illustrated in (X XXIII) and (XXXIV). In water, however, as with tetraethylsulphatodigold 
(XVI) which exists as (XVIII) (Part VIII, Joc. cit.), the gold~oxygen links are broken and 
(XXXII) is then converted into diaquodiethylauric sulphate (XVIII) and 2: 2’-dipyridyldi- 
ethylauric sulphate (XX). The existence of (XX) in aqueous solution is interesting in view 
of the failure to isolate it in the solid state, and accounts for the detection of sulphate ions by 
Gibson and Weller (Part VIII). 

Although there is no inherent objection, on steric grounds, to ethylenediamine and 
2 : 2’-dipyridyl forming bridged complexes, provided that the two co-ordinating nitrogen atoms 
are separated sufficiently to allow space for the two large gold atoms, no evidence of 
such bridging exists. In o-phenanthroline (XK XXV) the position of the two nitrogen atoms is 
rigidly fixed and their co-ordination with separate gold atoms becomes sterically impossible. 
The two compounds, Et,Au,Br,phen, and Et,AuBrphen, formed when o-phenanthroline reacts 
with diethylbromogold in the appropriate proportions, must therefore be o-phenanthrolino- 
diethylauric dibromodiethylaurate (XXXVIII) and o-phenanthrolinodiethylauric bromide 
(XXXVI). The latter is sparingly soluble in all solvents except methyl and ethyl alcohol, 
from which it may be recovered unchanged after 30 minutes’ boiling, thus demonstrating the 
stability of the complex cation under these conditions. The addition of picric acid to a solution 
of (XXXVI) precipitates o-phenanthrolinodiethylauric picrate (KXXVII). The complex 
(XX XVIII) resembles its ethylenediamine (X; X = Br) and 2 : 2’-dipyridyl analogues (XXIV) 
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in properties, particularly in decomposing in boiling chloroform with the loss of two ethyl 
groups to yield o-phenanthrolinodiethylauric bromoaurite (KX XIX). 


in 
/ , 
eo” «2? (XVID 


(XX) + (XVIII) 








(XX XII.) 
re) fe) 
ed 

S 
\ 
0” oO 


(XX XIII.) Nin” Naw” Nae” a (XX XIV.) 
ae 4 


. - Et 
eal tees A 
Au phen| Br- Au phen/ C,H,(NO,),0~ 
K x 
Et Et 2 
(XXXV = phen ) (XXXVI.) (XXXVIL.) 
Et . Et 4- Et + 
boiling 4 
‘. cH, Pan phen | AuBr,~ + 2 Et- 
Et oh. ae Et 
(X XXVIII.) (XXXIX.) 


The isolation of o-phenanthrolinodiethylauric dibromodiethylaurate, which has only one 
possible formulation, is confirmation of the existence of the dibromodiethylaurate ion previously 
encountered in (X; X = Br) and (XXIV). This same ion may be present in hydrobromic 


Br Et -7- 
LY ai 
Au 


4 
Br Et 


acid solutions of diethylbromogold. Diethylbromogold dissolves to a definite but limited 
extent in hydrobromic acid solution (0°104 g. per 100 c.c. of N-HBr; 0-174 g. per 100-c.c. of 


H+ (XL.) 
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29n-HBr: whereas its solubility in water is 0°01 g. per 100 c.c.); it is not reprecipitated when 
the acid is neutralised with sodium hydroxide. The compound probably dissolves as hydrogen 
dibromodiethylaurate (XL) which in the process of neutralisation is converted into its sodium 
salt. 

The reaction between the dialkylhalogenogold compounds and diamines (Di) containing 
the N-C-C-N grouping may be represented generally as follows : 


R x R my - - 
X 
be an’ +n = i Au 
x 
R’ x’ ‘e . x’ Ne 
(R = alkyl; X = Br, I) 


u 
x’ _ R’ 

The diamine disrupts one of the four equivalent Au~X bonds and then, in view of its tendency 
to form chelate compounds, breaks a second such bond involving the same gold atom. Asa 
result a positively charged [R,AuDi]* ion and a negatively charged [R,AuX,]~ ion are produced. 
The latter is then attacked further by the diamine, the Au-~X bonds breaking to give two halide 
ions and another [R,AuDi]* cation. Similar schemes may be written to explain the reactions 
of the dialkylcyanogold and tetra-alkylsulphatodigold compounds with these diamines. 
Diethylthiocyanatogold, however, is not attacked by diamines, because the co-ordinating power 
of nitrogen is insufficient to break the strong gold-sulphur bond (Part XI, Joc. cit.). 

Chelation by a diamine increases the stability of the carbon-gold link, so that the alkyl 
groups in the [R,AuDi]* ion tend much less to be split off as the m-alkane, R-R, than do the 
alkyl groups in the parent dialkylhalogenogold compounds or in the [R,AuX,]~ anion. Thus, it 
is found that, of all dialkylgold compounds, those of the type [R,AuDi]*X™~ are the most stable. 


EXPERIMENTAL. 


Ethylenediaminodi-n-propylauric Bromoaurite (VIb).*—Known previously as monoethylenediamino- 
di-n-propyldibromodigold, this was prepared as in Part IV (loc. cit.) (Found: Au, 56-1. Calc. for 
C,H,,N,Br,Au,: Au, 56-3%). The molecular weight was determined in nitrobenzene, in presence of 
Na,SO,-Na,SO,,10H,O (Roberts and Bury, J., 1923, 2037); concentrations ¢ are expressed as g. of 
solute per kg. of solvent. 





c=3-02, At=0-055°, M=378; c= 6-03, At = 0-099°, M= 420; c= 8-21, At = 0-130°, 
M = 435. C,H,,N,Br,Au, requires M, 700. 


The nitrobenzene solutions are conducting. 

Ethylenediaminodiethylauric Dicyanodiethylaurate * (X; R = Et, X = CN).—Known previously as 
monoethylenediaminotetraethyldicyanodigold, this was prepared as in Part V (loc. cit.) (Found: C, 
23-4; H, 4-8; N, 9-4; Au, 63-0. Calc. for C,,H,,N,Au,: C, 23-1; H, 4:5; N, 9-0; Au, 63-3%). 
The molecular weight in nitrobenzene varies as shown in the table below (see also figure) (C,,H,,N,Au, 
requires M, 623). 


4-95 7°69 10-11 12-97 18-27 23-77 27-37 
0-075° 0-111° 0-138° 0-174° 0-226° 0-273° 0-302° 
455 477 505 514 557 600 625 


When a little of the compound was added to pure nitrobenzene, there was a marked increase in 
conductivity. Under the same conditions, diethylmonocyanogold, a non-electrolyte, produced no 
change in conductivity. 

Ethylenediaminodiethylauric Dibromodiethylaurate * (X; R = Et, X = Br).—Known previously as 
ethylenediaminotetraethyldibromodigold, this was prepared from diethylbromogold as described in 
Part VIII (loc. cit.) (Found: C, 16-8; H, 3-9; N, 4-0; Au, 53-6. Calc. for C,,H,,N,Br,Au,: C, 16-4; 
H, 3-8; N, 3-8; Au, 54:0%). The apparent molecular weight in nitrobenzene varies with concentration 
as shown (see also figure) (C,)H,,N,Br,Au, requires M, 730). 


4-99 7-61 12-96 12-93 19-39 26-17 40-09 44-58 
0-066° 0-092° 0-142° 0-138° 0-196° 0-247° 0-362° 0-397° 
462 521 570 629 646 682 730 763 774 


Addition of the compound to pure nitrobenzene produced a marked increase in conductivity. 

Ethylenediaminodiethylauric Tetraethyl-p-disulphatodiaurate * (XV).—This salt was prepared from 
tetraethylsulphatodigold, as described in Part VIII for ethylenediaminotetraethylsulphatodigold. It 
is recrystallised from methyl alcohol and is almost insoluble in bromoform (cf. Gibson and Weller, 
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Part VIII) (Found: Au, 59-2. Calc. for C,H,,0,N,S,Au,: Au, 59-2%). Alcoholic solutions are 
conducting. 

2: 2’-Dipyridyldiethylauric Nitrate (XXIII).—Solutions of diethylbromogold (0-71 g.) in ethanol 
(12 c.c.), 2: 2’-dipyridyl (0-33 g.) in ethanol (5 c.c.), and silver nitrate (0-37 g.) in methyl alcohol (5 c.c.) 
were mixed and shaken for 30 minutes. The mixture was filtered from insoluble silver bromide, and 
the filtrate evaporated to dryness in vacuo at room temperature. The residue was dissolved in chloroform 
and ligroin (b. p. 40—60°) was added to induce crystallisation. White needles (0-79 g.) separated, 
melting at 191—192° (decomp.). Chloroform of crystallisation was driven off by heating the salt to 
constant weight at 80°, and the resulting product was shown by analysis to be 2 : 2’-dipyridyldiethylauric 
nitrate [Found: C, 35-6;° H, 3-84; Au, 41-4; NO; (by precipitation as nitron nitrate), 13-5, 
Cif 1¢OsN hu requires C, 35-8; H, 3-80; Au, 41-6; NO, 13-1%]. The chloroform-free substancé 
melt 


at 191—192° (decomp.) and was readily soluble in water, alcohol, or chloroform, but only sparingly 
soluble in ligroin, acetone, or benzene. 


Go 
Ss 





es 


Apparent molecular weight. 








bw 
8 


1 i i 
10 20 30 40 50 
g. of solute /1000g. of nitrobenzene. 


(a) [Et,Au en][(CN),AuEt,], formula wt., 623. 
(b) [Et,Au en][Br,AuEt,], formula wt., 730. 





The conductivity of aqueous solutions was measured at 25° with the results shown below: 


0-00109 0-00100 
96-6 97-0 


Equivalent conductivity (A), mhos 91- 
0-0706 0-0500 0-0330 0-0316 


By plotting A against «/c and extrapolating to infinite dilution, A,, is found to be 101 mhos. 
Ayo,- is 71 mhos, the mobility of the 2 : 2’-dipyridyldiethylauric cation must be 30 mhos. 
An aqueous solution of 2 : 2’-dipyridyldiethylauric nitrate was treated with saturated aqueous picric 


Concentration in moles (c) . 0-00250 
4-2 


Since 
acid solution. 2: 2’-Dipyridyldiethylauric picrate (XIX; Y = Pg, was precipitated; recrystallised 
from ethanol it had m. p. 190—191° (decomp.) (Found: C, 38:0; H, 3-46; N, 11-1; Au, 30-8. 
C,,.H,,0,N,Au requires C, 37-6; H, 3:12; N, 11-0; Au, 30-8%). The molecular weight of this picrate 
was determined in nitrobenzene, and the values in four different concentrations were as follows: 


c¢ = 6-17, At = 0-129°, M = 329; c = 14-89, At = 0-270°, M = 380; c = 20-50, At = 0-353°, M = 400; 
c¢ = 25-95, At = 0-430°, M = 416. C,H,N,O,Au requires M, 639. 


2 : 2’-Dipyridyldiethylauric Dibromodiethylaurate * (X XIV).—This was known previously as 2 : 2’-di- 
pyridyltetraethyldibromodigold (Brain and Gibson, Part VII, loc. cit.). Diethylbromogold (1-56 g.) 
was mixed with 2 : 2’-dipyridyl (0-73 g., 2 moles) in benzene (15 c.c.). A yellow oil separated, but after 
careful evaporation of the benzene in vacuo at room temperature this oil gave place to a white crystalline 
solid, which was collected and washed with benzene. This product (1-7 g.) was soluble in acetone, 
chloroform, or nitrobenzene, but insoluble in water or benzene. It was recrystallised by slow 
evaporation, in vacuo at room temperature, of a solution in chloroform to which a little ligroin (b. p. 
40—60°) had been added. The pure compound (1-55 g.) melted with decomposition at 121 


(cf. Brain 
and Gibson, Part VII) (Found: C, 26-1; H, 3-5; Au, 47-3. Calc. for C,,H,,N,Br,Au,: C, 26-1; 
H, 3-4; Au, 47-7%). 


The apparent molecular weight in nitrobenzene varies with concentration as follows (C,,H,,N,Br,Au, 
requires M, 826) : 


14:3 16-8 19-9 26-2 28-3 36-9 39-5 42-4 54-1 
0-110° 0-203° 0-231° 0-277° 0-356° 0-369° 0-475° 0-504° 0-545° 0-666° 
484 500 494 508 529 537 540 537 559 
From a graph of At plotted against c, values of At,», were read off for concentrations of 5, 10, 15, 20, 30, 


40, and 50 g. of solute per kg. of nitrobenzene, and corresponding values of Afjaip. were calculated for 
a molecular weight of 826. The ratio At... /Ataic, (4) was then evaluated, for each of, these concentrations, 
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and is seen from the table below to approach 2 with increasing dilution (V). When the law of mass 
action is applied, K = a*/(l — a)V, where a = degree of dissociation = i — 1, V = dilution in 1., and 
K = dissociation constant, the values of K obtained are remarkably constant. 


10-0 15-0 20-0 30-0 40-0 50-0 
68-8 45-9 34-4 22-9 17-2 13-8 
0-145° 0-212° 0-276° 0-396° 0-513° 0-625° 
0-083° 0-125° 0-167° 0-250° 0-334° 0-417° 
1-747 1-696 1-653 1-584 1-536 1-499 
0-0321 0-0347 0-0357 0-0358 0-0360 0-0360 


The conductivity in nitrobenzene at 25° + 0-1°, measured in the usual manner, gave the following 
results : 


Concentration (x 10*), m. , 4-67 8-30 11-65 18-2 28-3 
A (mhos) 26-6 26-3 26-0 25-4 24-6 


Unlike the ethylenediamine complexes (Gibson and Colles, Part II, Joc. cit.), dipyridyl complexes 
are particularly stable to acid, and prolonged shaking with a large excess of hydrobromic acid was 
necessary to liberate the parent diethylbromogold, e.g. : 

The complex (XXIV) (0-72 g.), suspended in water (2 c.c.), was shaken for 48 hours in 5N-hydro- 
bromic acid (20 c.c.) in the presence of ligroin (b. p. 40—60°; 20c.c.). The mixture was then filtered, 
and the ligroin layer was separated. The aqueous layer was re-extracted with more ligroin, and the 
combined extracts, after being washed in water, and dried (Na,SO,), were evaporated in vacuo at room 
temperature. The ee (0-47 g.; 80%) melted at 58° and was identical with an authentic specimen 
of diethylbromogold. 

When 2: 2’-dipyridyldiethylauric dibromodiethylaurate is treated with bromine in chloroform, 
there is immediately formed 2 : 2’-dipyridyldiethylauric bromoaurate (KX XVII) (q¢.v.). When kept for 
a long time with an excess of bromine in chloroform, the latter is conversely into 2 : 2’-dipyridy} 
dibromoaurate (X XIX) (q.v.). 

Thermal Decomposition of 2: 2’-Dipyridyldiethylauric Dibromodiethylaurate.—(i) In the solid state. 
When (XXIV) was heated in a melting-point tube, decomposition usually occurred at 121°. In some 
instances, however, no visible changes occurred at this temperature, and decomposition was observed 
at 169°, the temperature at which 2: 2’-dipyridyldiethylauric bromoaurite (KXV) decomposes. The 
effect of heat on the solid was studied in more detail in a modified Victor Meyer’s apparatus, the 
decomposition tube of which was immersed in a thermostatted oil-bath. The compound was stable 
when the bath-temperature was below 113°. The rates of gas evolution at 117° and 120° were similar 
to those obtained in the case of diethylthiocyanatogold (see Fig. 1, Part XI). From 0-205 g. of compound, 
the volume of gas evolved at each temperature, after correction to N.T.P. was 11-5 ml. If decomposition 
of 1 molecule of (XXIV) is assumed to yield 2 molecules of butane, the volume of gas to be expected is 
11-1 ml. The residue in the decomposition tube consisted of free dipyridyl, aurovs bromide, and a 
trace of gold. 

(ii) In solution. When an ethyl-alcoholic solution of the compound was warmed on a water-bath, a 
vigorous gas evolution was noticed, accompanied by a tion of colourless needles, m. p. 169° 
(decomp.), of 2 : 2’-dipyridyldiethylauric bromoaurite (q.v.) from the boiling solution. 

2: 2’-Dipyridyldiethylauric Bromoaurite (XKXV).—2 : 2’-Dipyridyldiethylauric dibromodiethylaurate 
(0-61 g.) was warmed on a water-bath in absolute alcohol (15 c.c.). The compound dissolved completely 
in the boiling alcohol, but after a minute a vigorous gas evolution was observed, accompanied by a 
separation of colourless needles. These were collected, washed with hot alcohol, and dried (0-50 g.). 
The crude bromoaurite was purified by dissolving it in dry acetone and evaporating the solution carefully 
in vacuo at room temperature. Yield, 0-34 g.; m. p. 169° (decomp.) (Found: C, 22-4; H, 2-6; N, 4-1; 
Au, 51-3. C,,H,,N,Br,Au, requires C, 21-9; H, 2-3; N, 3-7; Au, 51-3%). The compound is sparingly 
soluble in water, ethanol, benzene, or chloroform, but dissolves readily in acetone or nitrobenzene, 
giving conducting solutions. 

=_— weight in nitrobenzene varies with concentration as follows (C,,H,,N,Br,Au, requires 


12-1 18-6 24-9 31-2 37-8 50-2 
0-187° 0-274° 0-354° 0-436° 0-509° 0-669° 
440 466 496 493 611 517 
These results were treated in the same manner as those from 2: 2’-dipyridyldiethylauric dibromodi- 
ethylaurate (g.v.), and values of the ratio Afgys,/Atcaic. [(¢)] and of K were evaluated for concentrations 
of 5, 10, 15, 20, 30, 40, and 50 g. of solute per kg. of nitrobenzene. Again, the value of i approaches 2 
with increasing dilution (V), and K is remarkably constant. 


10 15 20 30 40 50 

64 42-7 32 21-3 16 12-8 
0-157° 0-227° 0-295° 0-420° 0-543° 0-667° 
0-090° 0-135° 0-180° 0-269° 0-359° 0-449° 
1-744 1-682 1-639 1-561 1-512 1-486 
0-0338 0-0343 0-0354 0-0337 0-0337 0-0359 


Thermal Decomposition of 2: 2’-Dipyridyldiethylauric Bromoaurite (XXV).—(i) In the solid state. 
When heated in a melting-point tube, decomposition occurred at 169°. Decomposition was studied 
more carefully using the modified Victor Meyer’s apparatus, with the bath-temperature at 165°. The 
volume of gas evolved from 0-344 g. of compound was 10-9 ml. (corrected to N.T.P.). The volume to 
be expected, on the assumption that each molecule of (KX XV) yields one molecule of butane, is 10-0 ml. 
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(ii) In solution. When the compound was warmed in boiling toluene or xylene, there were obvious 
signs of decomposition, and highly coloured reddish-brown substances separated from solution. These 
solids were typical of bromoaurates, but the gold content varied from preparation to preparation, and 
because of their sparing solubility it was not possible to purify them or establish their identity. 

2: 2’-Dipyridyldiethylauric Bromoaurate (XXVII).—2: 2’-Dipyridyldiethylauric dibromodiethy]- 
aurate (0-5 g.) in chloroform (5 c.c.) was treated with a solution of bromine (2 mols.) in chloroform, 
and there was an immediate separation of golden-brown needles. These were collected by centrifuging, 
and the compound (0-45 g.) was obtained pure by washing with 10 c.c. each of chloroform and carbon 
tetrachloride. When heated in a melting-point tube, it decomposes slowly above 195°, melting finally 
with decomposition at 223° (Found: C, 18-3; H, 1-95; Au, 425%; M, in nitrobenzene, 527, 583. 
C,,H,,N,Br,Au, requires C, 18-1; H, 1:94; Au, 425%; M, 928). It is sparingly soluble in most of 
the common solvents, except acetone which it brominates. 

The compeund was also prepared by mixing monoethyldibromogold (0-5 g.) (Part III, J., 1934, 860) 
and 2: pis pee bs (0-5 g.) in chloroform (45 c.c.). The reddish-brown precipitate (0-52 g.) was 
collected and washed with chloroform (Found: Au, 42-2%). 

2 : 2’-Dipyridyl Dibromoaurate (XXIX).—2 : 2’-Dipyridyldiethylauric dibromodiethylaurate (0-35 g.) 
dissolved in chloroform (3 c.c.) was treated with a large excess (>4 mols.) of bromine in chloroform. 
2: 2’-Dipyridyldiethylauric dibromoaurate separated immediately, but, after the mixture had been 
stored overnight, this had given place to magenta needles. These were collected, washed with carbon 
tetrachloride, and dried (0-48 g.) (Found: C, 10-6; H, 0-86; Au, 32-9. C,H, )N,Br,Au, requires 
C, 10-1; H, 0-84; Au, 33-1%). The compound decomposes slowly above 285°, melting finally with 
decomposition at 305°. It is fairly soluble in water. 

2 : 2’-Dipyridyldibromoauric Bromoaurate (XXVIII).—Tribromogold (0-82 g.) (Part II, loc. cit.) was 
dissolved in aqueous potassium bromide (0-4 g. in 20 c.c. of water). The resulting solution of potassium 
bromoaurate was filtered off, and then stirred while 2: 2’-dipyridyl (0-2 g.) in methanol (5 c.c.) was 
added. The orange-red bromoaurate (0-63 g.) was collected, washed with water, and-dried (Found: 
Au, 38-2. C,,H,N,Br,Au, requires Au, 38-2%). When heated in a melting-point tube it sintered above 
200°, finally melting with decomposition at 270°. It was sparingly soluble in all the usual solvents 
except acetone, which it brominated. 

y treatment with hydrobromic acid, (XXVIII) was converted into 2 : 2’-dipyridyl dibromoaurate 
(g.v.) (Found: Au, 33-0%). 

Reaction of Diethylbromogold with 2: 2’-Dipyridyl in Aqueous Solution.—Diethylbromogold (0-3 g.) 
and 2 : 2’-dipyridyl (0-14 g.) were shaken together in distilled water (15 c.c.) in a stoppered bottle. Both 
compounds quickly dissolved, in spite of their individual sparing soJubility in water. When a portion 
of the filtered solution was treated with aqueous picric acid, there was immediate precipitation of a 
golden-yellow picrate, which was collected, recrystallised from ethyl alcohol, and shown to be 2: 2’-di- 
pyridyldiethylauric picrate (KIX; Y = picrate). The remaining solution was evaporated at reduced 
pressure and room temperature to a syrup (0-43 g.). When this syrup was stirred with benzene, 
crystals of 2 : 2’-dipyridyldiethylauric dibromodiethylaurate (0-22 g.), m. p. 121° (decomp.), separated, 
and the filtered benzene contained free dipyridyl. 

A second aqueous solution, obtained likewise, was shaken with benzene and remained unchanged ; 
when, however, its bromide ion concentration was increased by addition of solid potassium bromide 
and the resulting solution was shaken with a fresh portion of benzene, there separated, at the interface 
of the benzene and aqueous layers, a colourless precipitate of 2: 2’-dipyridyldiethylauric dibromo- 
diethylaurate. 

2: 2’-Dipyridyldiethylauric Tetraethyl-y-disulphatodiaurate* (XX XII).—Diethylbromogold (2-5 g.), 
dissolved in a mixture of ligroin (b. p. 40—60°; 15 c.c.) and absolute alcohol (5 c.c.), was shaken with 
finely powdered silver sulphate (3 g.) for 6 hours in a stoppered bottle. The contents were then 
filtered, the insoluble matter was washed well with acetone, and the filtrate and washings were evaporated 
to dryness, to give a residue of crude tetraethylsulphatodigold (XVI) (2-2 g.). This solid was dissolved 
in a minimum of ethanol and mixed with an ethanolic solution of 2 : 2’-dipyridyl (0-58 g.). The solution 
was evaporated im vacuo at room temperature, and the dipyridyl complex which separated was 
recrystallised from hot ethanol, containing a trace of acetone. The compound (0-86 g.), m. p. 161° 
(decomp.), exhibited the properties previously described by Gibson and Weller (Part VIII, loc. cit.). 
It gave 2 >2’-dipyridyldiethylauric picrate (XIX; Y = picrate) when picric acid was added to its 
aqueous solution. 

The molecular weight, measured in nitrobenzene, varied with concentration as shown below : 


12-09 18-07 23-60 29-42 
0-109° 0-144° 0-164° 0-181° 
764 865 - 999 1120 


When M is plotted against c, a straight line results, and, by extrapolation, the apparent molecular weight 
at infinite dilution (c = 0) is found to be 515, or approximately one-third of the formula weight 
(CygH5,O,N,S,Au, requires M, 1524). 

o- henanthrolinodvethylauric Bromide (XX XVI).—Diethylbromogold (1-01 g.) was dissolved in light 
petroleum (b. p. 40—60°; 15 c.c.), and to this solution was added o-phenanthroline hydrate (0-58 g., 
2 mols.) in ethyl alcohol (5 c.c.). The white precipitate which separated was collected and washed 
thoroughly with ligroin to remove unchanged reactants. The crude product was purified by dissolving 
it in cold methyl alcohol, filtering, and evaporating the alcoholic solution in vacuo at room temperature. 
The pure bromide (0-98 g.) separated as colourless needles, m. p. 173° (decomp.) (Found: C, 36-9; H, 
3-58; Au, 38-3. C,,H,,N,BrAu requires C, 37-3; H, 3-48; Au, 38:3%). o-Phenanthrolinodiethyl- 
auric bromide was sparingly soluble in cold or hot water, soluble in cold methyl or ethyl alcohol, very 
slightly soluble in ligroin, chloroform, dioxan, or nitrobenzene. It was stable on storage and showed 
no tendency to darken when exposed to light. It was recovered unchanged after being boiled under 
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reflux for 30 minutes in methanol. The addition of aqueous picric acid to an alcoholic solution of the 
compound (0-25 g.) precipitated an insoluble picrate (0-37 g.), m. p. 209—210° (decomp.), shown 
by analysis > 7% eat as: picrate. (XXXVII) (Found: Au, 29-9. C,,H,,O,N,Au 
requires Au, 29-7%). 
Be henanthrolinodiethylauric Dibromodiethylaurate (XXXVIII).—Diethylbromogold (0-5 g.) was 
dissolved in light petroleum (b. p. 40—60°; 5 c.c.) and stirred continuously during the addition of a 
solution of o-phenanthroline hydrate (0-15 g., 1 mol.) in ethanol (10 c.c.). The white precipitate which 
separated was collected, washed with ligroin, and dried. The compound (0-6 &) prepared in this way 
was pure and melted with decomposition at 153°. It can be recrystallised by dissolving it in cold 
chloroform and then carefully evaporating off the solvent in vacuo at room temperature (Found: C, 
28-0; H, 2-9; Au, 46-4. C,,H,,N,Br,Au, requires C, 28-2; H, 3-3; Au, 463%). In cold solvents, 
except chloroform, the compound is very sparingly soluble. When warmed in solution it undergoes 
decomposition to give (XX XIX) (see below). 

o-Phenanthrolinodiethylauric Bromoaurite (XX XIX).—The preceding compound (0-25 g.) was heated 
carefully under reflux in chloroform (25 c.c.) for 10 minutes. After 5 minutes, a colourless crystalline 
compound separated from the refluxing solution. The product (0-1 g.), colourless plates, m. p. 182° 
(decomp.), was collected, washed with a little cold chloroform, and dried (Found: Au, 49-8. 
CisHigN,Br,Au, requires Au, 49-8%). 

The Solubility of Diethylbromogold in Hydrobromic Acid.—Diethylbromogold (0-5 g.) was shaken 
for 3 hours with N-hydrobromic acid (100 c.c.) at room temperature. Undissolved compound was then 
separated, and the acid filtrate neutralised with sodium hydroxide. No precipitation occurred. The 
solution was made strongly alkaline, a little solid sodium dithionite was added, and the mixture was 
boiled to coagulate the precipitated gold. The gold, when collected and dried, weighed 0-06 g., 
equivalent to 0-104 g. of diethylbromogold. From a similar experiment with 2n-acid, 0-102 g. of gold 
was collected, equivalent to 0-174 g. of diethylbromogold. In a blank determination with distilled 
water (100 c.c.) only 0-012 g. of diethylbromogold dissolved. 
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647. The Organic Compounds of Gold. Part XIII. Some 
Dialkylgold Compounds containing Phosphorus and Arsenic. 


By M. E. Foss and C. S. GrBson. 


The diethylgold derivatives of phenyl phosphates and phenylarsonic acid have been prepared, 
and found to resemble the previously fully described tetraethylsulphatodigold (j., 1941, 102, 
109). Theconstitution of these derivatives and of diethyl(diphenyl phosphato)gold is in keeping 
with the known instability of four-membered rings containing a large gold atom and three 
smaller atoms. On account of their sparing solubility, the structure of the tri(dialkylgold) 
phosphates could not be ascertained, but it is probable that they are polymers. 


sulphatodigold did not assume the form (I), but had a molecular weight requiring four gold atoms 
per molecule, in which the co-ordinate link to each univalent Et,Au group is provided by an 
oxygen in a sulphate group other than the sulphate group involved in the formation of the 
covalent link. The most probable structure, deduced by Ewens and Gibson (Part IX), is 
represented diagrammatically in (III). 
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Further evidence in support of this formulation of tetraethylsulphatodigold, and of the 
an-investigation.of the 


instability of the ring system (II), was obtained by. complex of 
(III). It has recently been shown i ., p. 3063) that this 











complex is a salt (cf. Gibson and Weller, Part VIII) which gives rise to three ions in nitrobenzene 
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solution. Hence the anion corresponding to (IV), found in certain diamine complexes of 
diethylbromogold, is not (V) as one might at first suppose, but the tetraethyl-u-disulphatodiaurate 
anion of (VI). In water, the gold-oxygen links of both (III) and (VI) are broken, with the 
formation of diaquodiethylauric ions and sulphate ions. 

Similarly, in the dialkylgold derivatives of the dicarboxylic acids, four-membered rings of 
the type (VII) are not possible, and the co-ordinate link is provided by an oxygen from a 
second carboxyl group. In tetraethyloxalatodigold (X) and sodium diethyloxalatoaurate 
(XI), this is achieved by the formation of a five-membered ring (VIII). The six-membered 
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ring system. {1X) also is known to exist in the compound diethylgoldacetylacetone (Part tay p> 
1930, 2531). 

In all the systems (II), (VII), (VIII), and (IX), there is the possibility of resonance within the 
ring, but the formation of the four-membered rings (II) and (VII) requires considerable deviation 
from the natural sine ere of the constituent atoms. By contrast, the four-membered 


(X.) = x ox, ’ Nat * TANT, (XI.) 
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rings in diethylbromogold (XII) and diethylthiocyanatogold (XIII) consisting of two large gold 
atoms bridged by halogen and sulphur atoms, respectively, are stable. 

Gent and Gibson (Part XI, this vol., p. 1835) observed that the number of gold atoms in a 
molecule of a dialkylgold compound seems to depend on the co-ordinating direction of the 
negative group and it is possible to conceive a diethylgold derivative of the monobasic dipheny} 


a 
Et Br Et Et Et 
Ls ‘uF 
(XII) ‘Au Au Au (XIII) 
Et 4 Ve nf \e/ Et 
bog 


hydrogen phosphate, having the constitution (XIV). Bearing in mind, however, that the 
sulphate and phosphate groups are stereochemically similar, and the S-O and P—O bonds have 
approximately the same magnitude (see Pauling, ‘“‘ Nature of the Chemical Bond,” 1940, p. 240), 
such a formulation is unlikely. In confirmation of this, diethyl(diphenyl phosphato)gold was 
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prepared by shaking diethylbromogold with silver diphenyl phosphate, and a cryoscopic 
determination of the molecular weight in benzene showed the compound to be dimeric. Of the 
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two possible formule (XVa) and (XVb), the latter is preferable, since it contains an eight- 
membered ring similar to that already known to exist in (VI). 

The colourless crystalline compound obtained by the interaction of the disilver phenyl 
phosphate and diethylbromogold has a molecular weight in benzene indicating four gold atoms 
per molecule, and, by analogy with tetraethylsulphatodigold (III), is described as tetraethyl(mono- 
phenyl phosphato)digold (XVI). In this molecule the four gold atoms form a square lying in a 
vertical plane, and the pheny! phosphate groups are oriented so that their planes of symmetry are 
mutually at right angles. The molecule as a whole, therefore, possesses no plane or centre of 
symmetry. The same is true of tetvaethylphenylarsonatodigold (XVII) which was prepared from 
silver phenylarsonate and diethylbromogold. These two compounds serve as models for similar 
compounds containing potential diastereoisomeric-salt-forming groups. 
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The dipyridyl complexes of (XVI) and (XVII) resemble (VI), and may be named 2: 2’-di- 
pyridyldiethylauric tetraethyl-u-bis(monophenyl phosphato)diaurate (XVIII), and 2 : 2’-dipyridyldi- 
ethylauric tetraethyl-y-bis(phenylarsonato)diaurate (XIX). In water the large anions disrupt to 
give phenyl! phosphate and phenylarsonate ions, with the simultaneous separation of the parent 
compounds (XVI) and (XVII), which unlike tetraethylsulphatodigold are sparingly soluble. 
2 : 2’-Dipyridyldiethylauric ions may be precipitated from the resulting aqueous solutions, either 
as the picrate (see Part XII) or as the dichromate. 

In extending the series of dialkylgold compounds to derivatives of the tribasic phosphoric 
acid, it was considered that such compounds might also possess interesting structural features. 
Clearly they cannot be simply (R,Au),PO,, which is formulated only by introducing inadmissible 
four-membered rings comprised of a large gold atom, two oxygen atoms, and the phosphorus atom. 
However, both tri(diethylgold) phosphate and tri(di-n-butylgold) phosphate, prepared from the 
appropriate dialkylbromogold compounds and silver orthophosphate, proved to be very sparingly 
soluble in all the usual solvents, whether hot or cold, with the exception of boiling methanol and 
ethanol. A cryoscopic determination of the molecular weight was therefore ruled out, and the 
boiling-point method was also impracticable since the elevation to be expected even for 
(R,Au);PO, is too small for accurate measurement. 

It is likely that the sparing solubility of the compounds is caused by polymerisation. The 
first fraction of tri(diethylgold) phosphate obtained by evaporation of the cold reaction medium 
of ligroin and methanol redissolved only in hot alcohol. This suggests that the compound when 
first produced in solution is simple and of low molecular weight, but that in the process of 
isolation it polymerises. The polymers must have a repeating unit (R,Au),PO,, and every three 
gold atoms require six links provided by the four oxygen atoms in order to preserve the four- 
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covalency of gold. There are four ways of distributing six links between four oxygen atoms : 
one oxygen unbonded, and three doubly linked; two unbonded, and two triply linked; two 


2{Et,Au dipy],++PhO-PO-0,-- 


(Et,Au),(PhO-PO-O,) 
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2(Et,Au dipy],+*+PhAsO-0,-- 


(Et,Au),(PhAsO-O,) 
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singly linked, and two doubly linked; and three singly linked, and one triply linked. Since 
for each method of distribution several possible structures may be suggested, speculation as to 
the way in which the units are actually linked is not justified. 


EXPERIMENTAL, 


¢... Disilver Phenyl Phosphate —Phenoxyphosphory] dichloride (10-9 g.) (Hoeflake, Rec. Trav. chim., 1917, 
36, 26) was added to a well-stirred solution of potassium carbonate (14-4 g.) in water (20 c.c.). The 
temperature was maintained at 40—50° during the addition of the chloride, and later was raised to 65° 
to complete the hydrolysis. The aqueous solution was evaporated to dryness, and the solid residue 
containing dipotassium phenyl phosphate was dissolved in water. This solution was acidified with 
hydrochloric acid, and barium phenyl phosphate (5-4 g.) was precipitated with barium chloride. Silver 
phenyl phosphate was obtained as a precipitate, by adding silver nitrate to a solution of the barium salt 
in a large volume of water (Found: Ag, 55-4. Calc. for C,H,O,PAg,: Ag, 55-5%). 

¢ Tetraethyl(monophenyl phosphato)digold (XVI1).—Diethylbromogold (1-74 g.), dissolved in ligroin 
(b. p. 40—60°; 35 c.c.), was shaken for 3 hours with finely powdered disilver phenyl phosphate (1-02 g.). 
The insoluble residue, consisting of silver bromide and the (phenyl phosphato)-compound, was collected 
by filtration, washed free from any unchanged diethylbromogold with ligroin, and extracted thoroughly 
with benzene. The benzene solution was evaporated in vacuo at room temperature, and tetraethyl(mono- 
phenyl phosphato)digold was obtained in the form of colourless rectangular prisms (1-57 g.), m. p. 130°, 
decomposing at 160° [Found : C, 25-0; H, 3-9; Au, 57-9%; M (in benzene), 1310, 1340. C,,H,,O,P,Au, 
requires C, 24-6; H, 3-7; Au, 57-8%; M, 1364]. The compound was sparingly soluble in water, alcohol, 
acetone, and ligroin, but soluble in chloroform and benzene. It was recovered unchanged from pyridine. 

2 : 2’-Dipyridyldiethylauric Tetracthyl-p-bis(monophenyl phosphato)diaurate (XVIII).—2: 2’-Dipyridy] 
(0-083 g., 2 mols. Sens mixed with tetraethyl(monophenyl phosphato)digold (0-36 g.) in benzene (15 c.c.). 
The benzene solution was evaporated at room temperature in vacuo, to give a syrup which crys 

_ on storage. The colourless solid product was washed thoroughly with benzene to remove unchanged 
reactants, and, after drying, melted with decomposition at “4 (0-44 g.) (Found: C, 34-7; H, 4:2; N, 
25; Au, 46-3. C,sH,gO,N,P,Au, requires C, 34-4; H, 4-0; N, 3:3; Au, 47-0%). 

When the above preparation was repeated using an excess ot dipyridy] (4 mols.), the same product 
resulted and half the dipyridyl was recovered from the benzene washings. 

Owing to the sparing solubility of the compound in all the usual solvents except water—which causes 
decomposition—it was not possible to determine the molecular weight. 

The dipyridyl complex, when stirred in water, underwent decomposition with the separation of an 
insoluble solid. This was collected, washed with water, and dried, and shown to be tetraethyl(pheny! 
phosphato)digold, from its m. ps alone and mixed with an authentic specimen. Phenyl phosphate ions 
were detected in the aqueous filtrate, and the addition of picric acid to the filtrate gave an immediate 


_ Torceta of 2 : 2’-dipyridyldiethylauric picrate, m. p. 190—191° (decomp.) (Found: Au, 30-4. Calc. 
TF CopHyO,N,Au: Au, 308%). 


Tetraethylphenylarsonatodigold (XVII).—Silver phenylarsonate was prepared by converting phenyl- 
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arsonic acid into its diammonium salt with aqueous ammonia, and adding silver nitrate. The precipitated 
silver salt was collected, washed with water, and dried (Found: Ag, 52-1. Calc. for C,H,O,AsAg, : 
Ag, 51-9%). 

Diethylbromogold (2-0 g.) in ligroin (b. p. 40—60°; 35 c.c.) was shaken with silver phenylarsonate 
(2-5 g., 2 mols.) for 4 hours. The mixture was filtered, and the solid washed with ligroin. The filtrate 
and washings were evaporated in vacuo at room temperature, and tetraethylphenylarsonatodigold 
crystallised as colourless rectangular prisms (0-68 g.). A further quantity of product was obtained by 
extracting the insoluble solid with benzene (30 c.c.) and evaporating the extract. The combined fractions 
were recrystallised by dissolving them in benzene and evaporating the solution in vacuo to give a product 
(1-95 g.) melting at 128°, and decomposing at 133°. The compound dissolved readily in benzene and 
chloroform but less readily in ligroin, and was almost insoluble in alcohol, acetone, and water (Found : 
c. van 3-6; Au, 55:3%; M, 1300, 1330. C,,H,,O,As,Au, requires C, 23-7; H, 3-5; Au, 55-56%; 
M, 1420). 

2 : 2’-Dipyridyldiethylauric Tetraethyl-p-bis(phenylarsonato)diaurate (XIX).—2 : 2’-Dipyridyl (0-28 g., 
4 mols.) was mixed with the foregoing arsonato-compound (0-65 g.) in benzene (15 sak The benzene 
solution was evaporated in vacuo at room temperature, and the colourless crystals which separated were 
washed with ligroin and recrystallised by careful evaporation of a chloroform solution to which a little 
ligroin had been added. The dipyridyl complex (0-64 g.) separated in colourless plates, m. p: 138° 
(decomp.), sparingly soluble in ligroin and benzene but readily soluble in chloroform and alcohol (Found : 
C, 32-8; H, 4-15; N,3-6; Au, 45-2. C,,H,,0,N,As,Au, requires C, 33-3; H, 3-85; N, 3-2; Au, 45-2%). 

When the complex (0-6 g.) was stirred in water, it underwent a definite change in appearance, with 
the separation of a sparingly soluble solid. This product was collected, dried, and shown to be tetraethyl- 
phenylarsonatodigold (0-37 g.) (m. - 128—129°). Addition of picric acid to a portion of the aqueous 
filtrate precipitated 2 : 2’-dipyridyldiethylauric picrate, m. p. 190° (decomp.) (Found: Au, 30-3. Calc. 
for CygHygO,N,Au : Au, 308%). 

From a second portion of the filtrate, 2 : 2’-dipyridyldiethylauric dichromate was precipitated with 
sodium dichromate. This salt crystallised from hot water in orange-yellow needles, m. p. 186° (decomp.) 
(Found: Au, 37-6. C,,H,;,0,N,Cr,Au, requires Au, 38-0%). 

Silver Diphenyl Phosphate —Freshly distilled phenol (25 g.) and phosphorus oxychloride (25 c.c.) 
were refluxed for 12 hours, in a dry atmosphere. The reaction mixture was well cooled in a freezing 
mixture, while ice-cold water (100 c.c.) was run in slowly. The aqueous solution was extracted with 
ether, and the ether extract was washed with cold water and treated carefully with a saturated solution 
of potassium carbonate. The potassium salt which separated was recrystallised from water and converted 
into silver diphenyl phosphate (4:3 g.) by treatment with silver nitrate (Found: Ag, 30-3. Calc. for 
Cy,HO,PAg: Ag, 30-2%). 

NB. This preparation was carried out repeatedly, according to the method of Iwatsura (Biochem. Z., 
1926, 178, 348, 350), in order to obtain disilver phenyl phosphate required for the work outlined above, 
but in all cases silver diphenyl phosphate was obtained. 

Diethyl (diphenyl phosphato)gold (XV).—Diethylbromogold (0-67 g.) in ligroin (b. p. 40—60°; 15 c.c.) 
was shaken for 3 hours with silver diphenyl phosphate (0-9 g.). The undissolved solid was then collected 
and washed well with ligroin, and the filtrate and washings were evaporated to dryness in vacuo at room 
temperature. The residue (0-41 g.) was combined with a further fraction (0-63 g.) obtained similarly 
from a second extraction of the solid with benzene, and the whole recrystallised by careful evaporation 
of a benzene solution in vacuo at room temperature. The product (0-95 g.) crystallised in colourless 
prisms, m. p. 70—71° (decomp.) [Found: C, 38-2; H, 4-2; Au, 390%; M (in benzene), 974, 985. 
C3,H4gO,P,Au, requires C, 38-1; H, 4-0; Au, 39-1%; M, 1008). 

Tri(diethylgold) phosphate.—Diethylbromogold (3 g.) was shaken in a mixture of ligroin (b. p. 40—60° ; 
15 c.c.) and methanol (5 c.c.) with silver orthophosphate (1-9 g.) for 3hours. A small volume of methanol 
was found to be essential for reaction. The undissolved solid was filtered off, and the filtrate was 
evaporated to dryness in vacuo to give a colourless solid (0-58 g.). The insoluble material was extracted 
successively with hot methanol and hot ethanol. Evaporation of these extracts gave a further quantity 
of product (0-62 g.). The inability to extract the product completely may have been due to progressive 
polymerisation, with a simultaneous decrease in solubility. 

The combined fractions, recrystallised from methanol, gave colourless needles (1-08 g.), m. p. 123° 
(decomp). The phosphate was very sparingly soluble in all solvents, hot or cold, except hot alcohol, and 
for this reason it was not possible to determine its molecular weight [Found : C, 16-5; H, 3-7; Au, 68-1. 
(CygH390,PAu,), requires C, 16-7; H, 3-5; Au, 68-6%). 

Tri(di-n-butylgold) Phosphate.—Ethylenediaminodi-n-butylgold bromide (2-5 g.) (Gibson and Colles, 
J., 1931, 2413) was dissolved in the minimum quantity of cold water, and the solution was filtered from 
undissolved impurities. The filtrate was treated with 5N-hydrobromic acid (2 equivs.) in order to 
liberate di-n-butylbromogold as an oil, which was then extracted with ligroin (b. p. 40—60°; 4 x 50c.c.). 
The extract, after being dried (Na,SO,) and evaporated in vacuo to about 70 c.c., was shaken for 3 hours 
with silver phosphate (1-2 g.) in the presence of methanol (5 c.c.). The resulting solution was filtered, 
and the solvent was then evaporated off in a dry atmosphere at reduced pressure. The residue was 
recrystallised from ethanol, yielding colourless needles (1-0 g.), m. p. 114° (decomp.). Tvi(di-n-butylgold) 
phosphate, although slightly more soluble than its ethyl analogue, was still gw oe to permit 
a molecular-weight determination [Found: C, 28-3; H, 5-7; Au, 57-0. (C,,H,,0,PAu;), requires C, 
28-0; H, 5-3; Au, 57-5%]. 


The authors thank Messrs. Imperial Chemical Industries, Ltd., for a grant from which the expense of 
this investigation has been met. 


Guy’s Hospitat Mepicat ScHOOL, 
(UNIVERSITY OF LonDon), S.E.1. [Received, August 11th, 1949.] 
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The Fluorination of Trimethylamine. By J. THompson and H. J. Emevéus, 


THE vapour-phase fluorination of trimethylamine has been investigated by passing the vapour in a 
stream of nitrogen over a bed of cobaltic fluoride at temperatures ranging from 130° to 220°, and at 
atmospheric pressure. The issuing product was passed over sodium fluoride to remove hydrogen 
fluoride produced by the reaction and through a trap cooled with liquid air. The condensate was then 
introduced into a vacuum system for examination by trap-to-trap distillation and fractional 
condensation. 

The product was a complex mixture, the components boiling from ca. —120° to 120° and having 
molecular weights ranging from ca. 70 to 310. Under the reaction conditions investigated one 
component of molecular weight 171 was found to constitute 40—70% of the condensate in the cooled 
trap and has been identified as the bistrifluoromethylnitrogen momnofluoride (perfluorodimethylamine), 
N(CF,),F (Found: N, 8-0, 7-9, 7-9; F, 77-6, 78-1, 77:2; M, 171. C,NF, requires N, 8-2; F. 77.8%. 
M, 171). Several samples of this substance have been prepared and submitted to careful purification 
and there appears to be little doubt of its identity. The other components have not yet been isolated, 
but the compounds N(CF;),, N(CF,)F,, and more complex cyclic compounds may possibly be present. 
The vapour pressure of perfluorodimethylamine has been measured over the range —70° to —40° 
and is represented by the equation logy, A 7-000 — 972-7/T. Thecalculated boiling point is —37-0°, 
the latent heat of vaporisation at the boiling point 4450 cals./mol., and Trouton’s constant 18-9. 
Chemically the compound is stable: it does not attack glass or mercury, is not hydrolysed by 
water at 20°, and can be recovered unchanged from 50% aqueous potassium hydroxide at room 
temperature. It appears not to have the basicity usually associated with amines, for, in addition 
to its being practically insoluble in water and unaffected by hydrogen fluoride, it is not dissolved by 
50% aqueous sulphuric acid. Chemically, therefore, the compound is more closely related to nitrogen 
trifluoride than to the amines. 

Fluorine was determined by heating the compound with metallic potassium in a Carius tube for two 
hours at 500° (cf. Elving and Ligget, Ind. Eng. Chem., Anal., 1942, 14, 449; Kimball and Tufts, ibid., 
1947, 19, 150), steam-distilling the fluorine as fluorosilicic acid, and titrating this with 0-05Nn-thorium 
nitrate (Willard and Winter, ibid., 1933, 5, 7). Nitrogen was determined by a modification of the 
Dumas method. A weighed amount of the sample was condensed into an evacuated tube, which was 
assembled directly between the copper oxide tube and the carbon dioxide source. The tube containing 
the sample was surrounded by a bath of melting chloroform, which gave a convenient concentration 
of the compound in the carbon dioxide stream as it passed through the cooled trap and over the heated 
copper oxide. Free nitrogen was collected in the usual way, the analysis being conducted on a 
semi-micro scale-—UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, August 17th, 1949.) 





Derivatives of 1-Hydroxy-2-methylchromone. By J.S, H. Davies and W. L. Norris. 


In connection with an investigation on the pharmacological effects of certain complex chromones on 
smooth muscle, it became of interest to prepare and examine some 6- and 8-substituted derivatives of 7- 
methoxy-2-methylchromone. 

2 : 4-Dimethoxy-5-allylacetophenone (5-allylresacetophenone dimethyl ether; Baker and Lothian, 
J., 1935, 628) with ethyl acetate and powdered sodium gave 2 : 4-dimethoxy-w-acetyl-5-allylacetophenone, 
but, when cyclisation with hydrobromic acid in glacial acetic acid or with hydriodic acid was attempted, 
halogen-containing resins were obtained. Saturation of the allyl group with bromine before attempted 
cyclisation, and subsequent treatment with zinc dust or sodium iodide in acetone failed to improve the 
result. However, as was expected, starting with 2 : 4-dimethoxy-5-n-propylacetophenone, 7-methoxy- 
2-methyl-6-n-propylchromone was obtained via 2 : 4-dimethoxy-w-acetyl-5-n-propylacetophenone. 

4-O-Allylresacetophenone (Baker and Lothian, Joc. cit.) with sodium and ethyl acetate gave w-acetyl- 
4-O-allylresacetophenone, and this on cyclisation furnished 17-allyloxy-2-methylchromone. Claisen 
re-arrangement of this chromone in dimethylaniline solution gave 7-hydroxy-2-methyl-8-allylchromone, 
the methyl ether of which was hydrogenated to 7-methoxy-2-methyl-8-n-propylchromone. This product 
was also prepared from 4-O-methyl-3-allylresacetophenone (obtained from 4-O-allylresacetophenone by 
the method of Baker and Lothian, Joc. cit.). 

Experimental.—(Analyses are by Drs. Weiler and Strauss, Oxford; m. p.s are uncorrected.) 

2 : 4-Dimethoxy-w-acetyl-5-allylacetophenone. 2: 4-Dimethoxy-5-allylacetophenone (11 g.) was boiled 
under reflux with powdered sodium (3-8 g.) and dry ethyl acetate (75 c.c.) for 3 hours. The solvent 
was removed in a vacuum, and the residue was acidixed with acetic acid-ice. 2 : 4-Dimethoxy-w- 
acetyl-5-allylacetophenone (8-7 g., 66-5%) formed colourless needles, m. p. 85-5—86-5°, from ethanol (Found : 
C, 68-9; H, 7-0. C,,H,,0, requires C, 68-7; H, 6-9%). 

2 : 4-Dimethoxy-5-n-propylacetophenone. A solution of 2 : 4-dimethoxy-5-allylacetophenone (38-5 g.) 
in methanol (250 c.c.) was shaken with hydrogen and palladium-charcoal (6 g.; 10%) at room tem- 
— and pressure. Absorption of hydrogen was rapid. After filtration and removal of the solvent, 

: 4-dimethoxy-5-n-propylacetophenone formed colourless, prismatic needles (35-3 g., 91%), m. p. 65-5— 
oe ti light petroleum (b. p. 60—80°) (Found: C, 70-3; H, 8-1. C,sH,,0, requires C, 70-2; 
H, 8- 0} - 

2 : 4-Dimethoxy-w-acetyl-5-n-propylacetophenone. 2 : 4-Dimethoxy-5-n-propylacetophenone (4:5 g.) was 
boiled under reflux with powdered sodium (1-5 g.) and dry ethyl acetate (40 c.c.) for 3 hours. Isolated 
as above, 2: 4-dimethoxy-w-acetyl-5-n-propylacetophenone formed colourless prisms (2-85 g., 53%), 
m. p. 68-5—69-5°, from ethanol (Found: C, 68-1; H, 7-8. C,,H,.O, requires C, 68-1; H, 7-6%) 
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1-Methoxy-2-methyl-6-n-propylchromone. The foregoing diketone (2-0 g.) in glacial acetic acid 
(25 c.c.) containing hydrobromic .acid (2 c.c.) was boiled under reflux for 15 minutes. The mixture 
was poured on ice and extracted with ether. Removal of this solvent and crystallisation of the residue 
from light petroleum (b. p. 60—80°) gave 7-methoxy-2-methyl-6-n-propylchromone as golden-yellow, 
irregular prisms, m. p. 106—106-5° (Found: C, 72-2; H, 6-7. C,,H,,O3 requires C, 72-4; H, 6-9%). 

7-Allyloxy-2-methylchromone. 4-O-Allylresacetophenone (38-4 g.) was boiled under reflux for 1} 
hours with powdered sodium (13-8 g.) and dry ethyl acetate (100 c.c.). Isolation furnished the f- 
diketone as an oil (52-7 g.), some of which (12 g.) was boiled under reflux with glacial acetic acid (40 
c.c.) containing a few drops of concentrated hydrochloric acid. After the solution had been poured 
on ice and extracted with ether, and the solvent had been removed, the residue was crystallised from 
aqueous methanol, with the aid of a little alumina, yielding 7-allyloxy-2-methylchromone (4 g., 41%) 
as colourless, prismatic needles, m. p. 92° (Found: C, 72-5; H, 5-6. C,,H,,0, requires C, 72-2; 
56%). 
 Hydrony-2-methyl-B-allylchromons. The allyloxychromone (5 g.) in dimethylaniline (5 c.c.) was 
boiled under reflux for 1} hours. After cooling and the addition of benzene (10 c.c.), 7-hydroxy-2- 
methyl-8-allylchromone separated as a light yellow, crystalline powder (3-67 g., 73%), which formed 
yellow — m. p. 194—195°, from ethanol (Found: C, 72-0; H, 5-7. C,,;H,,0, requires C, 72-2; 
H, 56%). 

1-Methoxy-2-methyl-8-allylchromone. Methyl sulphate (7-3 g.) was added dropwise to a cooled, 
stirred solution of 7-hydroxy-2-methyl-8-allylchromone (12-35 g.) in alcoholic sodium ethoxide, prepared 
from sodium (1-32 g.) and dry ethanol (50 c.c.). After attaining room-temperature, the solution was 
boiled under reflux for 15 minutes to complete the reaction. The mixture was poured into water, and 
the product isolated with ether. Two crystallisations from benzene-light petroleum (b. p. 60—80°) 
gave 7-methoxy-2-methyl-8-allylchromone (8-7 g., 66%) as slightly pink plates, m. p. 102—103° (Found : 
C, 72-7; H, 6-2. C,4H,,O, requires C, 73-0; H, 6-1%). 

7-Methoxy-2-methyl-8-n-propylchromone. The methoxy-allylchromone (8-7 g.) in methanol (75 c.c.) 
was hydrogenated at room-temperature and pressure in the presence of palladium-charcoal (3-0 g., 
10%). Hydrogen uptake was rapid and the yellow oil, obtained after the solution had been filtered 
and the solvent removed, rapidly solidified. Crystallised from aqueous methanol, it gave 7-methoxy-2- 
methyl-8-n-propylchromone (7-2 g., 82%), m. p. 106—108°; a further crystallisation from methanol 
— prisms, m. p. 110—111° (Found: C, 72-1; H, 6-6. C,,H,,0, requires C, 72-4; 
H, 6-9%). 

4-O-Methyl-3-n-propylresacetophenone. 4-O-Methyl-3-allylresacetophenone (13-6 g.) in methanol 
(70 c.c.) was hydrogenated as above, theoretical absorption of hydrogen being rapidly attained. The 
filtered solution was concentrated, and 4-O-methyl-3-n-propylresacetophenone (11-4 g., 83%) separated 
as colourless prisms, m. p. 87—-89° (Found: C, 69-0; H, 7-5. C,,H,,O, requires C, 69-2; H, 7-7%). 

w-A cetyl-4-O-methyl-3-n-propylresacetophenone. 4-O-Methyl-3-n-propylresacetophenone (5 g.) in 
ethyl acetate (50 c.c.) was boiled under reflux for 3 hours with powdered sodium (2-3 g.), and gave 
w-acetyl-4-O-methyl-3-n-propylresacetophenone as colourless prisms (2-5 g., 42%), m. p. 86—88°, from 
Cyclis- 
rops of concentrated hydrochloric 


light petroleum (b. p. 60—80°) (Found: 67-3; H, 7-0. C,,H,,0, oe me C, 67-2; Hn 73%). 
ation of the product (1-4 g.) with glacial acetic acid containing a few 

acid gave 7-methoxy-2-methyl-8-n-propylchromone (0-6 g., 46-2%), which crystallised from methanol 
in colourless prisms, m. p. 110—111°, identical with the product described above from 7-methoxy- 


2-methyl-8-allylchromone.—BRITISH SCHERING RESEARCH INSTITUTE ALDERLEY EpcGe. ([Received, 
August 29th, 1949.] 
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OBITUARY NOTICE. 


PETER GEORGE CARTER. 
1902—1948. 


PETER GEORGE CARTER, whose death occurred on September 20th, 1948, was born on Febru 
19th, 1902, in Sydney, N.S.W., and attended the Darlinghurst Junior Technical School and later 
the Sydney Test High School. He obtained a B.Sc. degree in the University of Sydney in 
March 1923 and for a year acted as demonstrator in the Organic Chemistry Department. He 
began research work at this time on phellandrenes from eucalyptus oils, in association with the 
late Mr. H. G. Smith. In June he was awarded a Science Research Scholarship by the Royal 
Commission for the Exhibition of 1851, and proceeded to the University of St. Andrews to 

our research with Professor John Read. He was awarded the Ph.D. degree at St. Andrews for 
his researches on phellandrenes and related compounds; the work was published in a series of 
papers in the Journal of the Chemical Society during 1924—1929. 

After returning for a short spell to Sydney as a lecturer in Organic Chemistry he came back 
to Great Britain to join Scottish Dyes Ltd. at Grangemouth in October 1929. In 1933 he 
married Margaret Bainbridge, who had graduated as M.A. at St. Andrews in 1931. 

He remained in Grangemouth for some five years before moving in 1934 to the Research 
Laboratories of I.C.I., Dyestuffs Division, in Manchester, where, except during 1936—1938 
when he was seconded for some research work on pyrene derivatives with Sir Ian Heilbron, 
he worked until his death. His researches over this later period of his life were largely concerned 
with the chemistry of polycyclic aromatic compounds; he coupled a mastery in this field with a 
strong mathematical flair and became interested in the quantum mechanical approach to the 
problem of chemical structure and reactivity. A paperin the Faraday Society on “‘ An Empirical 
Equation for the Resonance Energy of Polycyclic Hydrocarbons ” was in the press at the time 
of his death. 

He was a quiet, reserved man, a lover of music and an enthusiastic gardener. His health, 
which had been poor for many years, failed to daunt his keen and somewhat dry sense of humour 
which made him popular among his colleagues and earned him many firm friends. 

W. A. CownrEy. 





648. The Chemical Constitution of Wattle (Mimosa) Tannin. 
Part I. 


By Avistair M. STEPHEN. 


The bark of Acacia mollissima yields an extract, soluble in water and in acetone, which con- 
contains tannins and non-tannins in the ratio 10:1. The extract is polyphenolic in character 
and of molecular weight >2000. Oxidative degradation products include resorcinol, gallic acid, 
and styphnic acid from tannin, and veratric and O-trimethylgallic acids from methylated tannin. 
No evidence for the presence of phloroglucinol units in the structure was obtained. Calculated 
on a C,, basis, the average composition of the material corresponds to a formula C,;H,,0,.5. 
Of the oxygen atoms 4-25—4-5 are present in hydroxyl groups, and as other functional groups 
are absent the remaining oxygen is presumably present in ether linkages. Bromine replaces 
4—5 hydrogen atoms per C,, residue. 


DeEsPITE the extensive use of mimosa or wattle tannin in industry, little information relating 
to its chemical constitution has been published, and it and its analogues constitute perhaps the 
least-studied of all naturally-occurring high polymers. Russell (Chem. Reviews, 1935, 17, 159) 
has classified it as a typical phlobaphen-producing tannin and has reported the formation from 
it of phloroglucinol and protocatechuic acid on fusion with alkalis. The constitutions of the 
tannins of this class are still unknown and, although Freudenberg (Annalen, 1934, 510, 193; 1935, 
518, 37) and Russell e¢ al. (J., 1934, 218, 1069, 1506, 1940) have postulated for them structures 
based on the union of C,, units of the catechin type, such structures must be regarded as unproven. 

The preliminary study of wattle tannin now recorded was carried out before 1946, and has 
since been interrupted. The initiation of work in this field by others has made it desirable to 
place the results obtained on record. 

Raw material for investigation was prepared both directly from wattle bark and from 
commercial wattle extract by a modification of a method described by Russell (/oc. cit.) There 
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was little difference between material from the two sources, which contained, according to the 
official method of tannin analysis, 80% of “ tannins,” 10% of “ non-tannins,” and 10% of 
moisture. The molecular weight of dialysed material was of the order of 2000. The material 
was not homogeneous, and the partly acetylated tannin could be fractionated into products 
which, after complete acetylation, differed in molecular weight and acetyl content. Despite this, 
the tannin was used for degradative work, since it seemed highly probable that the lack of 
homogeneity was in large measure caused by similar, but not necessarily identical, units of 
structure being polymerised to different degrees. 

Few degradation products could be obtained from the tannin. Fusion with alkali gave only 
low yields of resorcinol and gallic acid. The presence of resorcinol nuclei was also indicated by 
the isolation of styphnic acid (along with oxalic acid) as a product of oxidation with nitric acid. 
No evidence could be obtained for the presence of phloroglucinol residues, as indicated by 
Russell (Joc. cit.). With potassium permanganate the methylated tannin afforded a mixture 
(15% yield) of veratric and O-trimethylgallic acids in nearly equal proportions. Hydrogen 
peroxide, lead tetra-acetate, bromine, hydrochloric acid, and other reagents gave no other 
degradation products, and the general conclusion must be drawn that in mimosa tannin the 
major proportion of the structure is condensed together in such a way as to preclude the 
formation of simple aromatic fission products in good yields. 

Analytical results for the tannin and for its acetylated and methylated derivatives support 
the view that ether linkages play an important réle in the molecular structure, since only a 
portion of the oxygen content of such derivatives can be accounted for by the acetyl and 
methoxyl] contents, and other oxygen-containing functional groups cannot be detected. 

It is clear that the structure of this material is comparable in complexity with that of lignin. 
Experiments are now in progress to explore the effects of hydrogenation and of ether-splitting 
reagents on the tannin and its derivatives. 


EXPERIMENTAL, 
(Some of the analyses were performed by Mr. H. Lowitt.) 


Preparation of Raw Material.—(a) From wattle bark. Sliced, dried bark was leached with cold water 
by the counter-current method for a few days, and the tanning liquor obtained as a reddish-brown syrup. 
After filtration, salt was added to saturate the liquor, and the precipitated tannin was air-dried and 
extracted with acetone. The bulk of the solvent was then distilled off, the viscous solution was desiccated, 
and the resulting flakes of pale-brown solid were ground and dried at 80° in an evacuated flask. The 
acetone extraction was repeated on this substance, and the powdered tannin dried as before. On heating 
the material at 125°, the water content was lowered by a further 6-7%, but the tannin present (estimated 
by the official method) dropped rapidly from the original value (88% on the dry basis). 

Samples of bark from Acacia mollissima grown in a variety of South African climates varied consider- 
ably in the total quantity of tannin and its distribution through the bark. As tanning extracts prepared 
from wattle bark are difficult to standardise for colour and tanning properties owing to many variables, 
it was desirable to find out what chemical differences could be detected in the samples. Carbon and 
hydrogen values in material dried at 100° in vacuo over “ Anhydrone ”’ lay within the range: C, 57-4— 
62-8; H, 4-7—5-0%. Purification of a typical specimen by electrodialysis in 5% aqueous solution did 
not affect the composition (Found: C, 60-0; H, 5-1%; M, 1800, ebullioscopically in water). 

(b) From wattle extract. Commercial wattle extract (60% tannins, 20% non-tannins, 20% moisture) 
was a more convenient laboratory source. This was extracted twice with acetone and dried in the usual 
way ; the acetone-soluble portion resembled that obtained from bark, and the insoluble portion contained 
non-tannins and tannins in the ratio 3 : 1. 

Tannin Acetates.—Dried tannin (about 6% moisture) was boiled with an excess of acetic anhydride 
and pyridine (1 : 4) for 20—40 minutes, and a pale flesh-coloured powder recovered by pouring the mixture 
into ice-cold dilute sulphuric acid. A better method was to reflux tannin (2 g.) with acetic anhydride 
(15 c.c.) and anhydrous sodium acetate (0-5—1 g.) for 40 minutes, cool the mixture, cautiously add 
glacial acetic acid and dilute sulphuric acid, and pour the mixture into ice-water ; the procedure was 
then repeated on the dried product. This material was purified by precipitation in. very dilute sulphuric 
acid from its solution in acetic acid. Analysis was by the trans-esterification method of Matchett and 
Levine (Ind. Eng. Chem. Anal., 1941, 18, 98) as any process involving hydrolysis with alkali leads to the 
production of acids from the tannin portion of the molecule (see Stephen, ‘‘ The Properties and Practical 
Application of Wattle Tannin,” Part 2, pp. 34—40, Leather Industries Research Institute, Grahamstown, 
South Africa) (Found, on tannin acetate from electrodialysed tannin : OAc, 41-0. On derivatives from 
5 tannin samples: OAc, 39-6, 40-1, 40-1, 38-6, 41-0%). 

The effect of leaching a single bark ‘sample with water at different temperatures is shown in the 
following table of acetyl contents and molecular weights (f.-p. depression of dioxan) of the acetates from 
the isolated tannins : 


Temp. of leaching 35° 55° 70—80° 
Acetates: OAc, % : 36-5 39-1 37-2 
M 1670 1950 3000 3200 


Heat probably causes polymerisation of the tannin, and the molecular weights quoted do not necessarily 
bear a direct relation to the molecular size of the tannin in the unextracted bark. 
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Fractionation of Tannin Acetates—Tannin from wattle extract was used in these experiments, 
Preliminary trials on partly and fully acetylated tannin indicated that the material most conveniently 
fractionated by precipitation in acetic acid of various dilutions was not fully esterified but was sufficiently 
acetylated to prevent loss through its solubility in water. A bulk preparation was therefore made from 
tannin (1 mol.) and acetic anhydride (0-6 mol., working on the basis that 40% OAc is the maximum 
obtainable), the product containing 24-2% OAc. This material was dissolved in warm glacial acetic 
acid, and a first fraction precipitated by adding one volume of 6N-acetic acid and one volume of water, 
The cooled mixture was filtered and the filtrate collected in an excess of distilled water. Each of the 
solids was isolated, dried, and divided into two portions by a similar procedure. By a fractional 
precipitation involving between 25 and 30 fractions, four fractions were finally recovered, totalling 70% of 
the weight of starting material. A portion of each was fully acetylated, giving results as below : 


OAc, % after 

acetylation. % Increase. 
A (least soluble) (4-7 g.) “ 34-5 11-5 
B (7-5 g.) 37-0 12-5 


Cc CRUE OD io sicsntnenpnsescansecsipner . 39-0 14-5 
D (most soluble) (3-6 g.) ‘ 40-5 18-0 


It is evident that the starting material is non-homogeneous, the difference between products A and D 
corresponding to >1 acetyl group ina C,, unit. On the basis (C,,H,,0,), for wattle tannin, A contains 
3-4and D4-6acetylgroups. Thesolubility differences between A, B, C, and D before complete acetylation 
are due to the numbers of free hydroxyl groups increasing while the acetyl contents of the fractions 
remain the same. 

The solubility of tannin acetates in dilute acetic acid is also influenced by the molecular weight. Tannin 
from a single bark source was fully acetylated and divided by fractional precipitation (4 steps) into 3 
portions (Found: OAc, 38-7, 38-4, 39-4%). Molecular-weight measurements cryoscopically in dioxan 
were inaccurate on account of traces of moisture in the acetates, but the molecular weight of the insoluble 
fraction was higher (4500) than that (1500—2500) of the other two, which were indistinguishable. 

Methylated Tannins.—Methylation of tannin was most conveniently achieved thus. To a solution of 
dry wattle tannin (60 g.) in methanol was added methyl sulphate (51 c.c.), and nitrogen was led through 
the reaction flask. Potassium hydroxide (30 g.) in a minimum of aqueous methanol was then admitted 
from a dropping-funnel, with continuous shaking. Similar quantities of methyl sulphate and alkali were 
added twice during 24—3 hours. The cold, slightly acid mixture was then poured into very dilute 
sulphuric acid at 0—5°, and the finely-divided flesh-coloured precipitate was filtered off and washed with 
water. The dried substance was then re-methylated as before and purified by precipitation in water 
from methanol solution (Found, in material dried at 100° im vacuo: OMe, 33-6, 34-3%). A portion 
re-methylated with warm methyl sulphate and strong potassium hydroxide showed a slightly higher 
methoxyl content (35-8, 35-2%) but this value was not increased by treatment with hot methyl sulphate- 
alcoholic potassium hydroxide. The maximum acetylation possible corresponds to a methoxy] content 
of 36-5%. It is possible to raise the methoxyl content of methylated tannin to this value by treating 
the substance (3 g.; 34% of OMe) with silver oxide (12 g.) and methyl iodide (12 c.c.) in methanol; 
extraction of the derivative with hot acetone-methanol, concentration of the solution, and precipitation 
in very dilute acid affords a practically white powder (Found, in material dried at 100° im vacuo: OMe, 
36-5%). Electrodialysed tannin, methylated similarly, contained 36-2% of OMe. Attempts to use 
diazomethane proved unsatisfactory. 

Acetylation of methylated tannin gave a product acetylated to some degree, as the following figures 
illustrate : 





Product. 
Substance acetylated ; ¢ A > 
Me, %. OMe, %. OAc, %. Method. 
Methylated tannin ; 31-0 7: eae 
us 33-2 4- Ac,O-NaOAc 
5: Lc 
3- ” 


” 


In each case the methoxyl content is lowered slightly more than would be expected if the acetylating 
agent merely affected free hydroxyl groups, the reaction causing 2—3% ofdemethylation. Thecompound 
containing OMe 34:3% and OAc 4-0% is the most completely substituted yet obtained. : 

Interpretation of Analytical Data.—In view of the non-homogeneity of tannin and its derivatives it is 
not to be expected that analytical results would afford empirical formule containing integral numbers of 
hydrogen and oxygen atoms in each postulated C,, unit. The approximate formula (C,,H,0¢.5)x is the 
nearest approach for electrodialysed tannin (Found : C, 60-0; H, 5-1. C,,H,,O¢., requires C, 60-4; H, 
4-7%); on this basis a purified preparation of tannin acetate (once acetylated with a large excess of 
reagents) contained four acetate groups [Found : C, 59-1; H, 4-7; OAc, 36-0. Calc. for C,H y9(OAc),O%5: 
C, 59-2; H, 4:7; OAc, 37-0%], and a sample of methylated tannin, not methylated to completion 
with methyl sulphate, approx. 3-5 methoxyl groups (Found: C, 63-3; H, 5-6; OMe, 32-0. 
Calc. for C,s;H19.,(OMe)3.,0,: C, 63-9; H, 6-1; OMe, 31-3%). 

Oxidation of Tannin and its Derivatives—The instability of tannin to extremes of pH, causing con- 
densation in presence of mineral acids and uncontrollable oxidation in alkaline solution, makes it an 
unsuitable starting-point for oxidative degradations. Methylated tannin (OMe, 33%), oxidised in 
suspension with 5% aqueous permanganate during 3 hours, first in the cold and then on the water-bath, 
gave 30% of bright-red material insoluble in ether, together with tar and a small yield of ether-soluble 
acids, m. p. (after one recrystallisation from water) 141—146° (Found: equiv., 198—200). The mixture 
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was separated (cf. Eggert and Corbett, Theses, Rhodes University College, Grahamstown) by making use 
of the different solubilities of the silver salts in water; in this way veratric acid, m. p. 176-5—178° (Found : 
equiv., 182. Calc. for CyH,O,: equiv., 182), and O-trimethylgallic acid, m. p. and mixed m. p. 166°, 
were identified. Oxidation of methylated tannin (4 g.) in acetone and then water for 3 hours gave a 
better yield (0-6 g.) of the acids. After 3 crystallisations from water (charcoal), 0-2 g. of acid (Found : 
equiv., 201) was obtained. More prolonged treatment, especially when boiling aqueous permanganate 
was used, completely destroyed the aromatic methoxy-acid fragments. Oxidation in acetone alone, on 
the other hand, or such oxidation followed by a brief treatment with hot aqueous permanganate, was 
insufficient. 

Action of Alkalis.—The best yield of ether-soluble products was obtained by heating tannin (30 g.) 
with 8 times its weight of mixed sodium and potassium hydroxides in a nickel crucible at 240° for 14 hours. 
After cooling and acidification, the ether extract afforded a mixture of acids (13-8 g.), phenols (3-5 g.), and 
neutral material (0-4 g.). From the tarry acid fraction, gallic acid was isolated [m. p., with slight 
decomposition, at 225° (meniscus at 237°), unchanged by admixture with an authentic specimen (Found : 
equiv., 180. Calc. for C,H,O,,H,O: — 188)]. Colour tests confirmed the identity. It was not 
possible to separate the small quantity of other acidic material which causes a low m. p. (170—182°) and 
the somewhat higher equivalent weight of the crude product. From the syrupy phenolic fraction, 
resorcinol, m. p. and mixed m. p. 108—109°, was isolated, by extraction with benzene and recrystal- 
lisation or by sublimation at 20 mm. (bath temperature, 110—140°) (yield, 33% by wt. of tannin). No 
other phenol was detected. The alkaline oxidation of lignin to give vanillin, syringaldehyde, and 
numerous ketonic products (cf., e.g., Tomlinson and Hibbert, J. Amer. Chem. Soc., 1936, 58, 345; 
Creighton, McCarthy, and Hibbert, ibid., 1941, 68, 3049; Freudenburg, Lautsch, and Engler, Ber., 1940, 
73, 167) suggested a similar series of experiments on tannin, sulphited tannin, and sulphited-methylated 
tannin. No volatile or trichloroethylene-soluble substances were detected in the form of their 2 : 4-di- 
nitrophenylhydrazones, from which it was concluded that the mode of linkage of the gallic acid residues 
in tannin differs from that of the aromatic portion of the lignin molecule. 

Action of Acids.—When boiled with 5n-hydrochloric acid, tannin gives, on cooling, a precipitate of a 
brown solid which, though insoluble in cold water, ethanol, and acetic acid, is slightly soluble in hot water 
and boiling pyridine. The exceedingly high molecular weight (the f.-p. depression of dioxan is negligible) 
indicates condensation, possibly between adjacent hydroxyl groups with elimination of water. 
Acetylation and bromination, however, indicate little change in the total number of hydroxy] groups and 
positions reactive towards substitution by electrophilic reagents. Dry hydrochloric acid catalysed 
methylation of tannin in methanol to a small extent (2%) (the product being insoluble in water), and 
acetylation in acetic acid (product contains OAc, 2%). 

Nitric acid up to 3Nn. has no effect on tannin in the cold, but causes precipitation accompanied by 
evolution of brown fumes on warming. After a few minutes the colour of the solution lightens, and on 
concentration a viscous syrup remains which crystallises on storage. Oxalic acid dihydrate (4 parts) and 
styphnic acid (1 part), m. p. and mixed m. p. 174—175° (Found: equiv., 128. Calc. for C,H,O,N;: 
M, 245) were isolated. Acetylated tannin decomposed ‘similarly, but brominated tannin resisted 
oxidation by this reagent. 

The action of bromine in a number of solvents on tannin yielded dark-brown products (Found : total 
Br, 57—61; labile Br, precipitated by Agt in ethanol, 10—19%) containing 4—5 Br in each C,, unit. 


This research was carried out with a grant from the South African Wattle Growers’ Union. I am 
grateful for the assistance of Dr. S. G. Shuttleworth and Dr. W. S. Rapson. 


LEATHER INDUSTRIES RESEARCH INSTITUTE, 
GRAHAMSTOWN, SOUTH AFRICA. [Received, February 23rd, 1948.] 





649. The Oxidation of Manganous Sulphate by Chromic Acid in 
Sulphuric Acid Solution. 


By Morpecuar (Max) BosBTELsky and ABRAHAM GLASNER. 


The amount of manganous sulphate oxidised by chromates has been measured, 
for various concentrations of sulphuric acid and reactants by two different methods. 
In all the solutions an equilibrium is attained which may be represented by the equation, 
Cré+ + 3Mn++ ==> Cr*+ + 3Mn*+; the constants, K = {[Mn**]®(Cr*+] /[Mn?*+][(Cré+}}02, are 
summarised in Tables I and II. The percentage of the manganous sulphate oxidised increases 
with increasing concentration of sulphuric acid and decreases with rise of temperature. The 
influence of the sulphuric acid is explained by the formation of sulpliato-complexes of the 
tervalent manganese ion. The extinctions of the equilibrium solutions were also measured. 


In view of the frequent use of chromates and manganic salt solutions as standard oxidising 
agents, it is of interest to know their relative powers of oxidation at different concentrations 
of sulphuric acid and at different temperatures. The standard redox potential for the reaction 


ee a ee we ew he Ft fw, ee 


in 4°55m-sulphuric acid is given by Grube and Huberich (Z. Elektrochem., 1923, 29, 8) as 1°503 
v., whilst the normal electrode potential of the reaction, 


Cré+ + 4H,O = H€rO,- + 7H* + 3¢ «ww ee (2) 
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is given in various handbooks (e.g., Landolt—Bérnstein’s ‘‘ Tabellen ”’) as 13 v. These values 
are sufficiently close to lead to the expectation that an equilibrium would be established in a 
solution containing the reduced and oxidised forms. Also, as both potentials depend on the 
acidity of the solution, the equilibrium should vary with the concentration of the sulphuric acid 
present.. 

Lang (Z. anorg. Chem., 1928, 170, 387) states that a chromate solution did not react with an 
excess of manganous salt in N-H,SO,, but, on adding an alkali fluoride or metaphosphoric acid, 
he observed the formation of red manganic salts (owing to complex formation). 

Fridland (Thesis, Hebrew Univ., Jerusalem, 1940) observed that, in moderately concentrated 
solutions of sulphuric acid, chromic acid and manganous salts reacted, giving an equilibrium 
which changed with the concentration of sulphuric acid in favour of the manganic and chromic 
salt, in agreement with equation (2), but that at a temperature near the boiling point of water 
the equilibrium shifts greatly in the direction of sexavalent chromium. 

The general equation for the equilibrium could thus be written : 


Cré+ + 3Mn?*+ = Cr8+ + 3Mn®* + heat . .... 


. 


% Amount of manganic salt (or Cr+) at equilibrium in equivalent mixtures of manganous 
sulphate and chromic acid in sulphuric acid solutions. 
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The shift to the right in equilibrium (3) with increasing concentration of sulphuric acid may be 
explained by the formation of sulphato-complexes, thus : 


Mn*+ + nSOJ’- = [Mn(SO,)aJ#-9- 2 2 ww wee CA) 


Further, the dehydrating effect of sulphuric acid should be taken into consideration, as the 
destruction of the aqueous shell of the [Mn, aq.]** ion might assist in the formation of the 
sulphato-complexes, enabling tervalent manganese to be formed. 

The oxidation of chromic salts by permanganate in 2°92m-sulphuric acid was studied by 
Fales and Roller (J. Amer. Chem. Soc., 1929, 51, 345). They showed that the rate of oxidation 
increases with the increase of the relative amount of quadrivalent manganese in the solution 
and assumed that the oxidation by the tervalent manganic ion is preceded by disengagement of 
the manganic ion from a sulphato-complex, followed by its disproportionation according to 
the equation 
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The constants of this equilibrium in sulphuric acid solution of various concentration were 
measured by Grube and Huberich (loc. cit.). They found that the amount of tervalent 
manganese increases with increase in the concentration of sulphuric acid, and thus all the 
considerations regarding the sulphato-complexes mentioned above should apply to equilibrium 
(5) as well. 

Fales and Roller used, in all their solutions, a large excess of chromic salt and expected the 
reaction to go to completion in one direction. Actually only about five-sixths of the theoretical 
amount of dichromate was obtained, after which the reaction slowed down greatly. No 


explanation for this phenomenon is given; it could be most easily accounted for by a back- 
reaction. 
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We investigated three analytical methods : 

(a) The photometric method. The extinction of the series of solutions containing 
0:00139m-potassium chromate and 0°0333M-manganous sulphate in various concentrations of 
sulphuric acid was measured after attainment of equilibrium at 25°. The results were compared 
with the extinction of 13N-sulphuric acid containing a very large excess of manganous sulphate 
in order to reduce all the available chromate to the chromic state, while oxidising the manganese 
to either tervalent or quadrivalent manganic salts. On the assumption that all the oxidised 
manganese was present in the tervalent state, the following percentages of the theoretically 
available manganic salt were calculated, from the photometric measurements, to be present in 
the various sulphuric acid solutions : 


8 10 12 14 16 18 20 
42-5 69-3 88-1 107-2 111-8 122-6 125-6 

These results show that a valuation of the photometric measurements will be practicable only 
when further data on the forms and extinctions of the tervalent and quadrivalent manganese 
present in these solutions are available. 

(6) The bromine-oxidation method. Fales and Roller (loc. cit.; cf. Bobtelsky and Glasner, 
J., 1948, 1376) observed that, whilst oxidation of hydrobromic acid by chromates is rather 
slow, manganic salts are reduced instantaneously. We have exploited this difference to 
measure the amount of manganic salt in the equilibrium mixtures. The results are given in 
Table I. The equilibrium constants K were calculated according to equilibrium (3) by the 
equation 
’ K = {[Mn**P(Cr**]/[Mn**P[Crs*]}o* = [at/(a — x)°(3b — x), 


where a and b = moles of manganous sulphate and potassium chromate, respectively, introduced 
into the solution, and * = the equivalent of manganese in the oxidised state present at 
equilibrium. The good agreement of the K for each concentration of sulphuric acid proved the 
validity of this method. 

TaBeE I. 


Equilibrium constants K = x/[(a — x)®75(3b — x)®*5] by the bromine-oxidation method. 
Volume: 15c.c. Temperature; 25°. 


Normality of Orig. mixt. (millimoles). Equilib. mixt. (millimoles). 


Expt. no. H,SO,. MnSQ,. K,CrO,. Mn**. Cr, 
0-056 (0-231) 
0-072 (0-643) 
0-141 (0-120) 
0-162 (0-196) 
0-258 (1-581) 

average 


0-111 (0-213) 
0-146 
0-176 
0-252 
0-296 
0-498 
0-454 
average 
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(0-187) 
(1-570) 
(0-102) 
(0-165) 
(1-395) 


> > Pe ee 


(0-159) 
(0-551) 
(0-046) 
(0-050) 


Adee 


(0-125) 
(0-512) 


(0-095) 
(0-461) 
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TABLE II. 
Equilibrium constants, K = */[(a — x)*75(3b — x)®*5] by manganese dioxide precipitation method. 


All the original mixtures in these series contained 4 millimoles of MnSO, and 1-667 millimoles of 
K,CrO, per 15 c.c. of solution. Temperature: 25° or 97°. 


Equilib. mixt. (millimoles). 


. Normality 25°. 97°. 
Expt.no. of H,SO,. MnSQ,. K,CrO,. MnSO,. K,CrO,. Kgs. 
(0-303) 1-566 (0-060) 1-647 0-0764 
(0-492) 1-503 (0-159) 1-614 0-1313 
(0-858) 1-381 (0-240) 1-587 02579 
(1-245) 1-252 (0-378) 1-541 0-4171 0-0983 
(1-869) 1-044 aa a 1-118 _ 





~ 


(c) The manganese dioxide precipitation method. The attainment of the equilibrium 
studied is rather slow compared with equilibrium (5). Therefore, if the solutions are quickly 
diluted to weaker than 2°6n-sulphuric acid, all the manganic salts present are precipitated as 
hydrated manganese dioxide. After centrifugation, the concentration of the chromate could 
be determined volumetrically in the supernatant diluted solution. The results thus obtained 
at 25° and at 97° are given in Table II and show good agreement with the bromine-oxidation 
method. The latter method is, however, more reliable, especially for the lower concentrations 
of sulphuric acid, because of the relatively small amount of manganese present in the oxidised 
state at equilibrium. The difference lies in the fact that in the bromine method the manganese 
oxidised is determined directly, whilst in the manganese dioxide method the chromic acid is 
titrated. The large difference in the equilibrium constants caused by a relatively small error 
in the titration of the chromic acid is seen in the following figures from experiments Nos. 5, 31; 
11, 32; and 17, 33: 


2% 
0-13% 


Because of the low accuracy of the constants calculated from the results obtained by the 
manganese dioxide method, caution is required in drawing conclusions from the temperature 
coefficient given in Table II. Yet it will be seen that they are fairly constant for the range of 
sulphuric acid concentration measured, namely, from 6 to 12n. 

Owing to the complexity of the equilibrium expression it will be cumbrous to calculate the 
concentrations of the respective components of the equilibrium under all conditions, but, if the 
manganous sulphate and the potassium chromate are mixed in stoicheiometrically equivalent 
amounts (i.¢., 3b = a), the percentage of the chromic salt present at equilibrium is 100K /(K + 1). 
The results thus obtained at 25° and at 97° are given in the figure. 


EXPERIMENTAL, 


Mixtures of known amounts of potassium chromate, manganous sulphate, and sulphuric acid were 
made up to 15-0 c.c. in ground-stoppered flasks. The solutions varied from 6 to 20N. in respect of 
sulphuric acid. They were kept in a water-bath at a constant automatically-controlled temperature 
(+0-1°) for 3 days (at first some of the solutions were kept at constant temperature for a week, but 
experience showed that at 25° three days sufficed for the slowest solutions to attain equilibrium). After 
this period the “ equilibrium solutions ’’ were treated, each according to the method adopted. 

he Photometric Method.—The extinction of the “ equilibrium solution ’’ was measured, in a Hellige 
an-photometer, with use of filters corresponding to the wave-lengths 530 and 550 mp. At these wave- 
engths the extinction of chromic salts of corresponding concentrations was negligible, and the extinction 
of pure chromate solutions varied only very slightly in the range of the concentrations of sulphuric acid 
used. Therefore the diminution of transmission must have been due to the oxidation of the manganese. 

To ensure that there were no changes in temperature during a measurement, the photometer tube 
was enclosed by a specially designed container through which a constant water-flow from an ultra- 
thermostat was maintained. 

The comparison standard chosen was 13N-H,SO, + 0-00139M-K,CrO, + 0-1333mM-MnSO,; thus it 
contained a 32-fold excess of manganous sulphate (in equivalents). This solution had an extinction 
exceeding that of the pure chromate solution by 0-995 unit at 530 my. and by 0-969 unit at 550 mp. 
In a series of solutions containing varying amounts of manganous sulphate, maximum extinction was 
reached in the solution mentioned. We assumed, therefore, that under these conditions very nearly 
100% of the chromate has been reduced. Measurements were made at 25° (+0-1°). 

The Bromine Oxidation Method.—The glass stopper was removed from the reaction flasks, and a 
mechanically-moved glass stirrer (1800 r.p.m.) was inserted into the “ equilibrium solutions.” With 
continued stirring, 10 c.c. of carbon tetrachloride and 20 c.c. of 0-05m-potassium bromide were introduced 
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in quick succession. The stirring was stopped 15 seconds after the latter reagent had begun to run 
jnto the solution. The manganic ions were reduced instantaneously as ted (judging by the 
disappearance of the red colour of the solutions), and an equivalent amount of bromide was oxidised to 
elementary bromine and extracted by the carbon tetrachloride. The added bromide solution served, 
at the same time, to dilute the concentration of acid in the “ equilibrium solutions,’’ and thus reduced 
the velocity of oxidation of hydrogen bromide by chromic acid. In control experiments with similar 
sulphuric acid solutions, which contained chromate but no manganous salt, no oxidised bromine could 
be detected even after 30 seconds. For example, in 0-0333m-potassium bromide containing a five-fold 
excess of chromic acid but no manganese, the oxidation of 1% of the bromine required the following 
times : ; 

Normality of H,SO, 6 5 4 3 

Time, seconds . 109 272 680 


Mixing for 15 seconds was sufficient to extract the free bromine. The carbon tetrachloride first formed 
an emulsion with the aqueous Solution, and, when the stirring was stopped, separated as a lower layer. 
The concentration of the bromine in the tetrachloride layer was determined colorimetrically in a Hellige 
pan-photometer. Two coloured filters corresponding to the wave-lengths 530 my. and 550 my. were 
used, the two measurements serving as a check on each other. The extinction of a bromine solution in 
carbon tetrachloride, obtained by allowing the reduction of a similar chromate solution to go to 
completion, was used as a standard of comparison. Measurements were made at 25° (+0-1°). 

The Manganese Dioxide Precipitation Method.—The “ equilibrium solutions ’’ were quickly diluted 
with a known amount of distilled water to a concentration less than 2N. with respect to sulphuric acid, 
yielding by hydrolysis an extremely fine, hydrated manganese dioxide suspension. An aliquot amount 
of the suspension was centrifuged for 15 minutes at 2000 r.p.m. The chromic acid in the clear solutions. 
was then determined by addition of potassium iodide solution and titration with 0-1N-thiosulphate. 
Measurements were made at 25° (+0-1°) and at 97° (boiling water). 


DEPARTMENT OF INORGANIC AND ANALYTICAL CHEMISTRY, 
HEBREW UNIVERSITY, JERUSALEM. [Received, May 26th, 1949.] 





650. Olefinic Acids. Part IV. Prototropic and Anionotropic 
Changes in the «-Bromo-88-dimethylacrylic Acid System. 


By L. N. Owen and M. U. S. SULTANBAWa. 


It is shown that in the reactions of a-bromo-ff-dimethylacrylic acid (I) with alcoholic 
alkoxides an initial prototropic change to the By-unsaturated isomer (IV) is followed by nucleo- 
philic replacement of the halogen to give the a-alkoxy-8-methylenebutyric acid (III), which by a 
further prototropic change is converted into the a-alkoxy-8f-dimethylacrylic acid (II). The 
interconversion of (II) and (III) has been studied under various conditions. A similar series of 
changes occurs, though much more rapidly, with the methyl and ethyl esters of (I), and also 
when the ethyl ester is treated with piperidine, the product then being a mixture of the ethyl 
a-piperidino-B-methylenebutyrate and a-piperidino-f8-dimethylacrylate. There is no evidence 
of any anionotropic change under these conditions. When, however, the bromo-acid reacts 
with aqueous alkali, the initial prototropic change to the Py-unsaturated isomer is followed 
by replacement of the halogen in two ways, (i) by normal replacement, to give a-hydroxy-B- 
methylenebutyric acid, and (ii) with anionotropic rearrangement to give y-hydroxy-B-methylcrotonic 
acid; the a-hydroxy-f-methylenebutyric acid also undergoes prototropic change to a-ketoiso- 
valericacid. Each of the three products has been identified in the reaction mixture. 

The occurrence of the prototropic change in the original bromo-acid accounts for its reactivity, 
since the bromine atom is then no longerattached toan ethyleniccarbonatom. This explanation 
is probably of general application, e.g., to a-bromocrotonic acid; with a-bromoacrylic acid, in 
which such prototropy is not possible, no “ substitution ’’ of halogen occurs. 

The theoretical interpretation of the various changes is dicussed in terms of the electronic 
characteristics of the groupsinvolved. Thegreater reactivity of the bromo-acids, compared with 
their chloro-analogues, suggests that broniine has the greater capacity for electron withdrawal ; 
this reversal of the normal order of the inductive (—J) effects is attributed to the possession, by 
chlorine, of a relatively much larger + effect. 


In Part III (Owen, this vol., p. 236) it was shown that treatment of «-bromo-$$-dimethylacrylic 
acid (I) with alcoholic alkoxides led to the formation of a mixture of the a-alkoxy-$8-dimethyl- 
acrylic acid (II) and the a-alkoxy-$-methylenebutyric acid (III). The formation of the 
fy-unsaturated isomer was unexpected, since no rearrangement had been observed under similar 
conditions in the crotonic acid series (Part 1; Owen, J., 1945, 385), but it was pointed out that 
there were two ways in which the result could be explained. At the time, the available evidence 
was insufficient for a decision to be made, and the reaction has therefore been investigated in 
greater detail. 

The two possible mechanisms are: (A) direct nucleophilic replacement of the bromine atom 
in (I) to give (II), followed by prototropic isomerisation of (II) to (III); and (B) prototropic 
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change within the bromo-acid (I) to give (IV), followed by nucleophilic replacement, to yield (III), 
and a further prototropic change to (II). If the first mechanism is correct, the amount of (III) 


Me. (A) Me Mex, 
C:CBrcO,.H ——> C:C(OR)-CO,H —_ H-CO-CO,H 
wo wre Me“ ' 
(I.) (II.) (V.) 


mR N 


H 
_DOCHBrCOH —> HSccH(or)-coya 
(IV.) : (III.) 


should increase, relative to (II), as the reaction proceeds (assuming that their interconversion is 
not very rapid) ; on the other hand, mechanism (B) requires an increase of (II) relative to (III), 
Two portions of the bromo-acid were therefore heated under identical conditions with excess of 
methanolic sodium methoxide for 6 and 24 hours respectively, preliminary experiments having 
shown that the liberation of bromide ion was practically complete in 6 hours. The amount of 
a-methoxy-$$-dimethylacrylic acid (II; R = Me) produced was estimated as the 2 : 4-dinitro- 
phenylhydrazone of a-ketoisovaleric acid (V), and was found to be considerably greater with the 
longer period of heating. This result was supported by larger-scale experiments in which it was 
found that the solid isomer (II; R = Me) readily crystallised from the 24-hours reaction product; 
the shorter reaction period gave only traces of this material, the main product then being the 
liquid isomer (III; R= Me). These results gave the first definite evidence in favour of 
mechanism (B), which was also supported by the following observations. «-Methoxy-8- 
methylenebutyric acid (III; R = Me) was heated with aqueous sodium hydroxide of different 
concentrations for 24 hours at 100°; the amount of conversion into the «8-form (II; R = Me), 
estimated as before, was found to increase with the concentration; this provided a useful 
method for obtaining the solid isomer—by heating the liquid acid (III; R = Me) with 5n-aqueous 
alkali at 100° for 24 hours. Similar results were obtained with the ethoxy-acids; thus, the 
liquid By-form (III; R = Et) was readily converted into the solid «-ethoxy-8$-dimethylacrylic 
acid (Il; R= Et). 

The prototropic change of (III) to (II) was also readily followed by observations of the 
changes in ultra-violet-light absorption, since only the conjugated acids (II) exhibit maximum 
selective absorption within the usual range of measurement. In applying this method, it was 
found that aqueous solutions could not be used, since the maximum was then displaced to a 
lower wave-length, but in ethanol the results were satisfactory, provided, for the same reason, 
that the acids were present in the free state and not as sodium salts; displacement of the 
maximum evidently occurs also in the ionised form. The method adopted, and used not only 
for the present problem but for other related investigations described later, was as follows. 
The acid (af- or Sy-unsaturated form) was equilibrated with a known amount of standard 
ethanolic sodium ethoxide at 100°, then neutralised with alcoholic hydrogen chloride equivalent 
to the ethoxide, dilute with ethanol, and filtered; the light absorption was then measured 
for the filtrate. In this way it was found that the equilibrium position, reached from either 
(II) or (III), lay very largely on the aB-side, being ca. 80% for R = Et, and over 90% for R = Me 
(see table). 

Equilibration with 2°6n-ethanolic sodium ethoxide at 100°. 


Acid. Time, hr. ¢ at Amax. 2280 A. * Acid. Time, hr. ¢ at Xmax. 2280 A. 
(III; R=Me) 0 1,950 * (III; R=Et) 
(III; R=Me) 18 8,850 (III; R=Et) 
(III; R=Me) 42 9,100 (II; R=Et) 
(Il; R=Me) 0 10,000 (Il; R=Et) 
(Il; R=Me) 18 9,360 


* The fy-unsaturated acid contained ca. 20% of the af-form. 


In view of the above results it was of interest to investigate the reactions of the corresponding 
esters, since they would be expected to exhibit mobilities of the prototropic system greater than 
those of the acids. This was found tobeso. The halogen atom in methy} «a-bromo-$6-dimetbyl- 
acrylate was completely removed by treatment with 3n-methanolic sodium methoxide at room 
temperature for 24 hours, to give mainly methyl «a-methoxy-88-dimethylacrylate, the structure of | 
which was confirmed by the high intensity of its light absorption (« = 11,800 at Axa, 2300 A.), 
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and by hydrolysis to the crystalline acid (II; R= Me). Esterification of «-methoxy-8- 
methylenebutyric acid (III; R = Me) with diazomethane gave the methyl ester, which differed 
from the «8-unsaturated isomer in having a lower refractive index and in showing no selective 
light absorption; it was, however, very largely converted into the latter ester when kept at 
ordinary temperature in methanolic sodium methoxide. Hydrolysis of methyl a-methoxy-{- 
methylenebutyrate, which was effected by boiling with aqueous alkali for $ hour, gave its own 
acid, thus indicating that the rate of hydrolysis was much greater than that of conversion into 
the a8-unsaturated ester. This period of heating was insufficient to convert any appreciable 
amount of the acid itself into the «8-isomer, since the mobility of the acid must be considerably 
less than that of the ester. Similar observations were made with the ethyl esters; thus, 
treatment of ethyl a-bromo-8$-dimethylacrylate with cold ethanolic sodium ethoxide gave 
ethyl «-ethoxy-BB-dimethylacrylate, which was also obtained by action of the same reagent on 
ethyl a-ethoxy-$-methylenebutyrate. The structure of the af-unsaturated ester was 
confirmed by its light absorption (« = 8950 at Ana, 23004.) and by hydrolysis to solid 
a-ethoxy-8-dimethylacrylic acid. 

In Part IiI (loc. cit.) it was suggested that the products described by Murfitt and Roberts 
(J., 1944, 371) as ethyl a-piperidino- and «-bisdimethylamino-f$-dimethylacrylate were probably 
the #y-unsaturated isomers. This view, however, was rendered less certain by the high mobilities 
encountered in the reactions of the bromo-esters with alkoxides, in which the end products were 
the «8-unsaturated alkoxy-esters. Ethyl «-bromo-$$-dimethylacrylate was therefore treated 
with piperidine, under the conditions specified by Murfitt and Roberts, and gave a product which 
showed ¢ = 2850 at 2,,,x. 2190 a. This intensity of light absorption was too low for a pure 
af-unsaturated ester, and the presence of a major proportion of ethyl a-piperidino-f-methylene- 
butyrate (VI) was proved by ozonolysis, a considerable amount of formaldehyde being evolved. 
Furthermore, the reaction mixture, on treatment with cold dry ethanolic sodium ethoxide, was 
very largely converted into ethyl a-piperidino-B8-dimethylacrylate (VII), as shown by the higher 
refractive index and greater intensity of light absorption (ec = 8860 at Aya, 2270 A.); only a trace 
of formaldehyde was obtained on ozonolysis. Clearly, therefore, the mobility of the 
y-unsaturated piperidino-compound is sufficiently low in the piperidine solution for the 
compound to persist in large amount in the reaction mixture; with the more active ethoxide 
catalyst, however, the mobility is raised to such an extent that the «8-compound (VII) is rapidly 
formed. Aninteresting result was obtained when a further portion of the mixed piperidino-ester, 
consisting largely of (VI), was heated with aqueous alkali; partial hydrolysis took place, and the . 
recovered ester showed an increased intensity of light absorption, thus indicating that the 
®y-form had been preferentially hydrolysed; this was confirmed by isolation of the resulting 
acid, which proved to be a-piperidino-8-methylenebutyric acid, the sulphate of which showed 
no selective light absorption. The ethyl «-piperidino-66-dimethylacrylate (VII) was very 
resistant to hydrolysis. This provides a further example of the greater ease of hydrolysis shown 
by @y-unsaturated esters, compared with their af-isomers (cf. Eccott and Linstead, J., 1929, 
2153). 


Me 


H,Cy, : , RO-CH, 
~ _/ OCH NCH) COEt - Poe NCH ie) COE “ _DocHCOH 


(VI.) (VIL.) (VIIL.) 


There can therefore be no doubt that the reactions of the esters of «-bromo-$$-dimethylacrylic 
acid with alkoxides and with organic bases parallel those of the acid itself, and take place by an 
initial prototropic change analogous to that involved in mechanism (B) discussed above. 

An important consequence of the established mechanism is that the rearraged bromo-acid 


(IV) contains a typical anionotropic grouping, >CIC-CBr. Theoretically, therefore, replacement 
of the bromine atom might occur, not only directly to give (III), but also with accompanying 
rearrangement to give the y-alkoxy-«f-unsaturated acid (VIII). Such rearrangement is known 
not to occur under bimolecular conditions, but only when an Syl mechanism is possible; i.e., 
it is facilitated by a solvent of high dielectric constant. Thus, Roberts, Young, and Winstein 
(J. Amer. Chem. Soc., 1942, 64, 2157) and Catchpole and Hughes (J., 1948, 4) obtained only the 
direct substitution products on treatment of a- and y-methylallyl chloride with dry ethanolic 
sodium ethoxide; when these chlorides were hydrolysed with aqueous or aqueous-alcoholic 
alkali, however, the direct and the rearranged product were both formed. It was also shown that 
the secondary halide reacted only by an Syl mechanism, whilst the primary halide involved the 
participation of S,l and S,y2 reactions. Such considerations account for the fact that no 
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compounds of type (VIII) resulted from the reactions of the bromo-acid (I) with alcoholic 
alkoxides, but evidently suggest that under aqueous conditions the intermediate (IV) should 
react at least partly with rearrangement, particularly since it is a secondary bromide. 

Preliminary experiments were carried out by heating the bromo-acid (I) with n- and with 
2n-aqueous alkali, the replacement of bromine and the formation of a-ketoisovaleric acid (V) 
being estimated quantitatively, the latter as the 2: 4-dinitrophenylhydrazone. The results 
(see figure) showed that at both concentrations the amount of keto-acid continued to increase 
after all the bromine had been replaced, thus indicating that it was formed by prototropic 
change of (IX) to (X), followed by ketonisation of the latter. The intermediate formation of 
the Sy-unsaturated acid (IX) was proved by the detection of formaldehyde on ozonisation of the 
product obtained by a 24-hours treatment of the bromo-acid (I) with n-alkali. The observation 
that the yield of keto-acid, even after prolonged heating, was not more than 50%, suggested that 
the rearranged product (XI) had also been formed. 


The action of aqueous alkali at 100° on a-bromo-BB-dimethylacrylic acid. 


100¥¢ 





I 


Reaction, %. 
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I, Liberation of bromide ion by 2n-NaOH. II, Liberation of bromide ion by n-NaOH. 
III, Formation of keto-acid by 2n-NaOH. IV, Formation of keto-acid by N-NaOH. (Slight 
losses of the 2: 4-dinitrophenylhydrazone, owing to its appreciable solubility in water, account for 
the displacement of curves III and IV from the origin.) 





The bromo-acid (I) was therefore treated with excess of 2N-sodium hydroxide for 9 hours, 
The product was a mixture of keto- and unsaturated acids, from which «-ketoisovaleric acid was 
removed by distillation as a low-boiling fraction. The higher-boiling material furnished two 
main products: (i) crystalline y-hydroxy-B-methylcrotonic acid (XI) and (ii) liquid «-hydroxy-$- 
methylenebutyric acid (IX), which could not be entirely freed from small amounts of (XI). 
Conclusive proof of the structures of these important products was obtained as follows. 

On ozonolysis, (XI) gave acetol (characterised as the 2: 4-dinitrophenylosazone) but no 
formaldehyde. In sodium carbonate solution it took up 1 mol. of hydrogen over a Raney nickel 
catalyst; the resulting y-hydroxy-f-methylbutyric acid was isolated as the lactone (XII), 
previously described by Sircar (J., 1928, 899), which on oxidation with chromic acid gave methyl- 
succinic acid (XIII). An unexpected result was obtained when the hydrogenation of (XI) was 
carried out in aqueous solution over a palladium-charcoal catalyst : hydrogenolysis occurred and 
the product was isovaleric acid (XIV). It is known (cf. Gilman, “‘ Organic Chemistry,” 2nd 
edn., Vol. I, p. 820) that «$-unsaturated alcohols undergo hydrogenolysis, but they have not 
hitherto been found to do so under such mild conditions; the system OH*CH,*CR:CH’CO,H 
appears to be particularly susceptible, since we have observed that butyric acid is formed by 
hydrogenation of y-hydroxycrotonic acid under the same conditions. 

Ozonolysis of the liquid acid (IX) gave formaldehyde and acetol. Owing to the presence in 
it of a small proportion of (XI), some difficulty was expected in the separation of the products 
from its hydrogenation, and the following method was devised to overcome this. In a trial 
experiment it was established that «-hydroxyisovaleric acid, the expected product from the 
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hydrogenation of (IX), was unaffected by hydrogenation in aqueous solution over palladium— 
charcoal. As mentioned above, however, (XI) was known to undergo hydrogenolysis to 


(1) —> (IV) 
Me H, H,Cy, HO-CH;, H, Me. 
: ‘CO,H *CH(OH)-CO,H C:CH:CO,H H-CH,°CO,H 
nf CH(OH)-CO, 2a RP ( ) 2 Me” 2 ., 2 
(XV.) (IX.) (XI.) (XIV.) 


| He |N 


Me 


ais Poe OH) CO CH,-CHMe-CH,CO —> HO,C‘CHMe-CH,CO,H 





(X.) (XIL.) (XIIT.) 


isovaleric acid under these conditions. The liquid acid was therefore hydrogenated over this 
catalyst and gave a mixture of «-hydroxyisovaleric (XV) and isovaleric acid; the latter distilled 
with the water on evaporation of the solution, and a solid residue of the hydroxy-acid was 
obtained, thus confirming the structure of (IX). 

When warmed with aqueous alkali, «-hydroxy-$-methylenebutyric acid (IX) gave 
a-ketoisovaleric acid, thus establishing the occurrence of the prototropic change (IX) ——> (X). 

Reactions involving consecutive prototropic and anionotropic changes, such as occur in the 
treatment of «-bromo-8$-dimethylacrylic acid with alkali, are very rare. Ingold and Rothstein . 
(J., 1928, 8) obtained the trialkyl-«-ethoxyallylammonium salt (XVII) by the action of sodium 
ethoxide on the chloro-compound (XVI), and formulated the reaction as follows : 


CHCI:CH-CH,NR,X —> CH,CI-CH:CH‘NR,X —> CH,:CH-CH(OEt)-NR,X 
(XVL.) (XVIL.) 


A similar series of changes was assumed by Burton and Shoppee (J., 1934, 201) to explain the 


formation of a dimer from 2-chloro-3 : 4-diphenylcyclopent-2-enone (XVIII) by the action of 
alkali : 


/CHPh—CPh /CPh=CPh AP h(Cl)—CPh 
H — H — H | —> Dimer 
ae % ee Ao H 
(XVIII) 


The work described in the present series of papers was initiated by the observation that the 
halogen in «-bromocrotonic acid was readily removed as bromide ion by treatment with alkali, 
in contrast to the reported stability of «-chlorocrotonic acid (cf. Part I, Joc. cit.). Preliminary 
experiments have now indicated that, although the chloro-acids are undoubtedly less reactive 
than their bromo-analogues, the chlorine atom can be removed with alkali of sufficiently high 
concentration. 

DISCUSSION. 


The halogen atom in many compounds of the type *C:CX: is known to be very resistant towards 
nucleophilic substitution (cf. Hughes, Trans. Faraday Soc., 1938, 194; 1941, 627). In aromatic 
systems, for example, nuclear halogen compounds, unless activated by the presence of electro- 
philic groups in the o- or p-position, are unreactive under ordinary conditions. Compounds such 
as «-bromo-cinnamic and -maleic acid, on heating with aqueous or alcoholic alkali, give only 
phenylpropiolic and acetylenedicarboxylic acid, respectively, by elimination of hydrogen 
bromide, no substitution of halogen being observed : 

Ph:CH:CBrCO,H — > Ph:C:C-CO,H, and HO,C-CH:CBrCO,H —» HO,C-C:C-CO,H 


The characteristic feature of these compounds is that there is no possibility of a shift of the 
double bond by prototropic change, such as occurs in the first stage of the reaction of «-bromo-$8- 
dimethylacrylic acid with aqueous or alcoholic alkali. The reactivity of the latter acid towards 
nucleophilic substitution is clearly due to the initial prototropic change, as a result of which the 
halogen atom is no longer attached to an ethylenic carbon atom. It is therefore very probable 
that the reactivity of «-bromocrotonic acid towards alkoxides (Part I, Joc. cit.), in so far as the 
formation of substitution products is concerned, is due to the operation of a similar mechanism : 


Me-CH:CBr-CO,H —> CH,:CH-CHBr:CO,H —» CH,:CH*CH(OR)-CO,H —»> Me’CH:C(OR)-CO,H 
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The fact that no a-alkoxy-fy-unsaturated acid was encountered in this series can be explained 
by a high rate of conversion into the a-alkoxycrotonic acid ; vinylacetic acid is known to isomerise 
very readily and completely into crotonic acid under alkaline conditions (Linstead and Noble, 
J., 1934, 614), and the presence of the alkoxy-group in the «-position would be expected to result 
in an even greater mobility, owing to its —I effect. It is very significant that in the reaction of 
a-bromoacrylic acid with alkoxides (Part II, J., 1947, 1080) no a-alkoxyacrylic acid could be 
detected; no «a8 —-> fy isomerisation is possible in this case. 

In this connection, reference must be made to the claim of Backer and Oosten (Rec. Trav, 
chim., 1940, 59, 41) to have prepared tripotassium a-arsonoacrylate by the action of aqueous 
potassium arsenite on a-bromoacrylic acid : 


CH,:CBrCO,H —> CH,‘C(AsO,K,)-CO,K 


Backer and Beute (zbid., 1935, 54, 200) had originally stated that by a similar reaction, using 
potassium hydrogen sulphite, they had obtained a-sulphoacrylic acid, but subsequently (ibid., 
p. 523) they showed that the product was actually 6-sulphoacrylic acid, formed by addition of 
the sulphite and elimination of hydrogen bromide. There appears to be no reason why the 
arsono-acid, also, should not be formulated as a @-derivative; none of the published evidence 
precludes such a structure. 

Consideration must now be given to a theoretical explanation of the initial prototropic change 
which occurs in «-bromo-$8-dimethylacrylic acid. {§$-Dimethylacrylic acid itself cannot be 
isomerised to #-methylenebutyric acid (Kon and Linstead, J., 1925, 127, 616), and the only 
previously recorded isomerisation of a derivative of the former acid is that of ethyl «-nitro-88-di- 
methylacrylate (XIX), which on treatment with alkali gives the fy-unsaturated isomer (XX) 
(Bouveault and Wahl, Bull. Soc. chim., 1901, 25, 801, 814, 918). This transformation is clearly 
brought about by the powerful electrophilic (—J) effect of the nitro-group, which in the first 
place increases the mobility of the system by facilitating ionisation of the proton, and then, by 


M H 
(XIX.)  YCIC(NO,)-CO, Et \c.cH(NO,)-CO,Et (XX.) 

Me“ Me~ 
favouring recombination of the proton in the «-position, results in the formation of the By-isomer 
(cf. Baker, ‘‘ Tautomerism,” Routledge, 1934, p. 40). It is evident from the present 
experimental results that a bromine atom in the «-position must exert an effect similar to that of 
the nitro-group, with the possible exception that it does not necessarily throw the af-Sy equilibrium 
so completely to the fy-side, since the Py-form undergoes further reaction by nucleophilic 
substitution, thus disturbing any equilibrium which may otherwise have been attained. The 
electronic properties of the halogens are known to be (—J, +T), and the variable contribution 
of the mesomeric (+M) portion of the +T effect has been cited in order to explain certain 
anomalies in their behaviour (see, inter al., Bird and Ingold, J., 1938, 918; De la Mare and 
Robertson, J., 1948, 100). In the case at present under discussion, an increased mobility anda 
greater tendency to pass, at least in part, into the ®y-unsaturated form (compared with 6-di- 
methylacrylic acid itself) indicate that the —J effect is considerable and overshadows any +M 
effect. De la Mare, Hughes, and Ingold (J., 1948, 21) have referred to the hyperconjugation 


energy associated with the system C—C—C—Br; this provides a complementary explanation 
of the a8 ——-> fy isomerisation in the bromo-acid, since the #y-form would be stabilised by the 
contribution from such a structure, which acts in opposition to the normal stabilisation of the 
«8-form by the hyperconjugation of the methyl groups. In «-bromocrotonic acid the latter 
hyperconjugation would be less, since only one methyl group is present, and there would 
consequently be an even greater tendency for the acid to pass into the By-form; this accounts 
for the higher reactivity, towards nucleophilic replacement, of a-bromocrotonic compared with 
a-bromo-f$8-dimethylacrylic acid (cf. figure, Part I, Joc. cit., and figure, this paper). 

The much higher reactivity of «$-unsaturated «-bromo-acids, compared with the chloro- 
analogues, is presumably caused by the greater readiness with which the former can undergo 
prototropic change. There has been considerable controversy over the relative electronic 
effects of the halogens (summarised by De la Mare and Robertson, loc. cit.), but in the present 
case it appears that bromine must have a greater capacity for electron withdrawal than chlorine. 
This is the reverse of the order of the inductive (—J) effects, which is recognised to be 
F >Cl >Br >I, and suggests that the mesomeric (+ M) effect of chlorine is relatively more 
important than that of bromine. This conclusion itself, however, is contrary to the theoretical 
order of +T effect, viz., F< Cl< Br< I, but agrees with the order of mesomeric effects 
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suggested by Bennett (J., 1933, 1112) and with the recent observations of Braude and Stern 
(J., 1947, 1096; see also De la Mare and Robertson, Joc. cit.). Further comparisons of the 
reactivities of unsaturated chloro- and bromo-acids may provide more conclusive evidence on 
this point. 

Substitution by an alkoxy-group in the «-position clearly has an effect opposite to that of the 
nitro-group, in that the equilibrium (IT) == (IIT) lies almost entirely on the af-side. The 
—I effect of the alkoxy-group would be expected to increase the mobility of the system, though 
not to the extent brought about by the much stronger —I effect of the nitro-group; on the other 
hand, the equilibrium position indicates control by the powerful + M effect. Further evidence 
in support of this is presented in Part V (following paper). 

With regard to the influence of substituents on the additive reactivity of the double bond in 
the af-unsaturated acids, it has been established that in the bromo-acid series, the order of 
reactivity is CH,:CBreCO,H > CHMe:CBrCO,H > CMe,-CBrCO,H; substitution by the 
methyl groups in the $-position increases the electronic charge on the $-carbon atom and con- 
sequently hinders the nucleophilic addition of alkoxide ions, which occurs only partly with 
a-bromocrotonic acid and not at all with a-bromo-f8-dimethylacrylicacid.f The yy 
presence of an alkoxy-group in the a-position, instead of bromine, has a powerful CH,=C-CO,H 
deactivating effect, since even a-methoxyacrylic acid does not undergo addition Me 
with alcoholic alkoxides. This must again be attributed to the +M property: 


EXPERIMENTAL, 


(Light petroleum, unless otherwise stated, was the fraction of b. p. 40—60°. Light absorption, when a 
solvent is not specified, was determined in ethanol.) 

a-Bromo-BB-dimethylacrylic Acid.—The following procedure was advantageous (cf. Staudinger and 
Ott, Ber., 1911, 44, 1599). a8-Dibromoisovaleric acid (120 g.) was dissolved in ethanol (150 c.c.), cooled 
to 5°, and treated with sodium ethoxide (sodium, 21-35 g.; ethanol, 200 c.c.), added during } hour, the 
temperature being kept below 10° by cooling. After a further 2 hours at 10—15°, a slight excess of 50% 
sulphuric acid was added (Congo-red) ; the precipitated sodium sulphate was filtered off and the filtrate 
evaporated under reduced pressure. The residue i on stirring it with cold water. The 
bromo-acid was recrystallised from light petroleum. Yield 64 g. (77-5%); m. p. 91-5°. 

Reaction of a-Bromo-BB-dimethylacrylic Acid with Sodium Methoxide.—(a) The acid (0-45 g.) in methanol 
(1 c.c.) was mixed with 4-3N-methanolic sodium methoxide (4 c.c.), boiled under reflux for 6 hours, cooled, 
and treated with excess of aqueous 2: 4-dinitrophenylhydrazine sulphate. After 14 days, the 


2: eee of a-ketoisovaleric acid was collected and dried (0-26 g., 35%). 


(b) As above, but with 24 hours’ heating. Yield, 0-48 g. (65%). 

(c) To a solution of bromo-acid (18 g.) in methanol (50 c.c.), 4-3N-methanolic sodium methoxide 
(120 c.c.) was added ; the mixture was heated under reflux for 8 hours and then evaporated under reduced 
pressure. The residue was dissolved in water, acidified (Congo-red) with 4N-sulphuric acid, and 
immediately extracted with ether. Evaporation of the dried (Na,SO,) extracts gave an oil which on 
distillation furnished 10-65 g. (81-5%), b. p. 82—84°/1 mm., from which a trace of solid a-methoxy-ff-di- 
methylacrylic acid crystallised on storage. Fractional distillation of the liquid acid gave a series of 
fractions with light absorption of Amss, 2240a.; ¢ 1560—3510; they thus contained from 15—35% of the 
af-unsaturated acid. 

(d) The bromo-acid (1-8 g.), methanol (5 c.c.), and 5n-sodium methoxide (10 c.c.) were heated under 
reflux for 24 hours and then worked up as in the previous experiment. The oil (0-94 g.) partly crystallised 
and gave 0-32 g. of solid a-methoxy-88-dimethylacrylic acid. 

Conversion of a-Methoxymethylenebutyric into a-Methoxy-BB-dimethylacrylic Acid.—(a) The liquid 
By-unsaturated acid (0-42 g.) was heated at 100° with aqueous sodium hydroxide solution, of various 
concentrations, for 24 hours, and then acidified and treated with excess of aqueous 2 : 4-dinitrophenyl- 
hydrazine sulphate : 

Alkali concentration : N. 2n. 10N. 
Yield of derivative, % .... 27 55 73 


* Blank determination (the acid contained a small proportion of the af-unsaturated isomer). 


(b) The By-unsaturated acid (1-0 g.) was heated with aqueous 5N-sodium hydroxide (10 c.c.) for 24 
hours at 100°. The cooled solution was acidified (Congo-red) with 2n-hydrochloric acid and immediately 
extracted with ether. Evaporation of the dried (CaCl,) extract gave a solid residue of a-methoxy-ff-di- 
methylacrylic acid (0-8 g.), m. p. 70-5° after crystallisation from light petroleum (b. p. 60—80°). 

Reaction of a-Bromo-BB-dimethylacrylic Acid with Sodium Ethoxide (cf. Owen, Part ITI, loc. cit.).—The 
bromo-acid (18 g.) was heated under reflux with 2-7N-ethanolic sodium ethoxide (120 c.c.) for 14 hours. 
The solution was evaporated, and the residue was acidified with 2n-hydrochloric acid (Congo-red) and 
extracted with ether to yield an oil, distillation of which gave (i) 8-3 g., b. p. 90—100°/3 mm., and (ii) 
3°75 g., b. p. 100°/3 mm. The second fraction solidified, and on recrystallisation from light petroleum 
gave a-ethoxy-£f8-dimethylacrylic acid, m. p. 55°, which formed a whe acyl ester, needles, m. P. 
106°, from alcohol (Found: C, 74:1; H, 6-3. C,,H,,0, requires C, 74-5 , 655%). On storage, the 
first fraction deposited a small amount (1-2 g.) of the same solid acid, but consisted mainly of a-ethoxy-f- 

+ The observation (Part I, Joc. cit.) that with a-bromocrotonic acid the proportion of f-alkoxy- 
derivative (formed by addition of alkoxide and subsequent loss of hydrogen bromide) increases in the 
order Me < Et < Pr! < But, is in accord with the increasing nucleophilic properties of these groups. 
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methylenebutyric acid, the Pphemylp lt ester of which crystallised from alcohol in leaflets, m, P. 
62—63-5° (Found: C, 74:1; H, 6-5. C,,H,,O, requires C, 74-5; H, 655%). e 
Conversion of a-Ethoxy-B-methylenebutyric into a-Ethoxy-BB-dimethylacrylic Acid.—The fy-un- 
saturated acid (0-82 g.) was heated with aqueous 5N-sodium hydroxide (10 c.c.) for 24 hours at 100°. The 
roduct was isolated as for the methoxy-analogue and formed a solid residue (0-7 g.) which crystallised 
rom water in needles, m. p. 55°. 

Equilibration of a-Methoxy-B-methylenebutyric and a-Methoxy-BB-dimethylacrylic Acid.—Portions of 
the acid (ca. 10 mg.) were heated with 2-6N-ethanolic sodium ethoxide (1 c.c.) in a sealed tube at 95—9g° 
for various times. The cooled solutions were transferred to 50-c.c. flasks and neutralised by the addition 
of the pre-determined amount of 0-1N-ethanolic hydrogen chloride (i.¢e., equivalent to 1 c.c. of sodium 
ethoxide). After dilution with ethanol to 50 c.c., the solutions were filtered, and the light absorption 
immediately determined. The results have been given in the table. 

Methyl a-Bromo-BB-dimethylacrylate.—a-Bromo-ff-dimethylacrylic acid (20 g.) was dissolved in ether, 
cooled to 0°, and treated with an ethereal solution of diazomethane until a slight yellow colour persisted 
for a few minutes. Evaporation, and distillation of the residue, gave the methyl ester (18-6 g.), b. p. 
88—90°/25 mm., n?? 1-4926. 

Reaction of Methyl a-Bromo-BB-dimethylacrylate with Sodium Methoxide.—A solution of the bromo-ester 
(9-6 g.) in methanol (10 c.c.) was added to methanolic sodium methoxide (sodium, 5 g.; methanol, 75 c.c.), 
After 24 hours at ca. 20° the solution was neutralised with aqueous hydrochloric acid and extracted 
with ether. Evaporation of the dried (CaCl,) extracts gave an oil which on fractionation yielded methyl 
a-methoxy-BB-dimethylacrylate (5-15 g., 72%), b. p. 78—79°/25 mm., n}} 1-4451 (Found: C, 58-6; H, 8-3. 
C,H,,0, requires C, 58-3; H, 8-4%). Light absorption: Am. 2300 a.; ¢ = 11,810. A portion of the 
ester (1-9 g.) was dissolved in methanol (15 c.c.), mixed with aqueous 5N-sodium hydroxide (12-5 c.c.), 
heated under reflux for 4 hour, diluted with water, and extracted with ether (to remove a trace of oil), 
The aqueous solution was then acidified (Congo-red) with N-sulphuric acid and extracted with ether. 
Removal of solvent from the dried (CaCl,) extracts gave a solid residue of a-methoxy-f8-dimethylacrylic 
acid, m. p. 70-5°, after crystallisation from light petroleum. The p-phenylphenacyl ester formed needles 
(from alcohol), m. p. 89° (Found: C, 73-9; H, 6-2. C,H, O, requires C, 74-1; H, 6-2%). 

Methyl a-Methoxy-B-methylenebutyrate.—a-Methoxy-f-methylenebutyric acid (5-3 g.), esterified by 
treatment with the calculated amount of ethereal diazomethane, gave the methyl ester (4-95 g.) b. p. 
71—72°/21 mm., n# 1-4310 (Found: C, 58-6; H, 8-7. C,H,,O, requires C, 58-3; H, 84%). Light 
absorption: no maximum above 2200 a. When the ester (0-7 g.), methanol (5 c.c.), and aqueous 


5Nn-sodium hydroxide (5 c.c.) were set aside at 20° for } hour and then heated under reflux for } hour, the 
acid, isolated in the usual way, did not yield any solid af-unsaturated isomer and was mainly 
a-methoxy-f-methylenebutyric acid. The ester is therefore hydrolysed much more rapidly than it is 
isomerised. 

Action of Sodium Methoxide on Methyl a-Methoxy-B-methylenebutyric Acid.—A solution of the ester 
(4 g.) in methanolic sodium methoxide (sodium, 2-5 g.; methanol, 35 c.c.) was kept for 24 hours at ca. 20°, 


then diluted with water, and extracted with ether. The recovered ester (2-4 g.), b. p. 84—86°/39 mm., 
nv 1-4433, contained ca. 77% of methyl a-methoxy-f-dimethylacrylate. Light absorption : Amss. 2320 a.; 
e = 9080. This was confirmed by hydrolysis of a portion (0-8 g.) by heating it under reflux in methanol 
(7 c.c.) with aqueous 5N-sodium hydroxide (5 c.c.) for hour, the solid a-methoxy-88-dimethylacrylic 
acid, m. p. 70°, being readily isolated. 

Reaction of Ethyl a-Bromo-BB-dimethylacrylate with Sodium Ethoxide.—A solution of the bromo-ester 
(10-1 g.) in ethanol (5 c.c.) was added to ethanolic sodium ethoxide (sodium, 5 g.; ethanol, 75c.c.). The 
mixture became turbid and warm; it was cooled to 20° and set aside at room temperature for 24 hours, 
The excess of alkali was neutralised with 4N-sulphuric acid, and after dilution with water the solution was 
extracted with ether, to yield ethyl a-ethoxy-BB-dimethylacrylate (4-8 g., 56%), b. p. 96°/34 mm., 33 1-4393 
(Found: C, 62-4; H, 9-0. C,H,,O0, requires C, 62-8; H, 9-4%). Light absorption: Amar 23004.; 
e = 8950. A portion of the ester (0-8 g.) was hydrolysed by heating it under reflux for 4 hour with 
ethanol (5 c.c.) and aqueous 5N-sodium hydroxide (5 c.c.). After being worked up in the same way as 
for the corresponding methoxy-compound (see above) a-ethoxy-Bf-dimethylacrylic acid (0-54 g.), m. p. 
55—56°, was obtained. 

Ethyl a-Ethoxy-B-methylenebutyrate.—a-Ethoxy-B-methylenebutyric acid (5-1 g., containing a small 
proportion of af-unsaturated isomer) was dissolved in ethyl iodide (15 c.c.) and treated with silver oxide 
(7 g.) in small portions. A vigorous reaction occurred. After a further hour, dry ether was added, and 
the filtered solution was evaporated to an oil, distillation of which gave the ethyl ester (4-7 g.), b. p. 
82—83°/15 mm., ?? 1-4310 (Found: C, 62-5; H, 9-45. C,H,,O, requires C, 62-8; H, 94%). The 
presence of some of the af-unsaturated ester was indicated by the light absorption, Amar. 2280 a.; ¢ = 4820. 
Separation by distillation could not be effected and the mixture was therefore used for the following 
experiment. 

wo of Sodium Ethoxide on Ethyl a-Ethoxy-B-methylenebutyrate.—The above ester (4-0 g.) in ethanol 
(10 c.c.) was mixed with ethanolic sodium ethoxide (sodium, 3 g.; ethanol, 40 c.c.). After 24 hours at 
ca. 20° the product was isolated as for the analogous methoxy-compound, and gave 1-6 g., b. p. 98°/31 mm., 
ni? 1-4392. Light absorption: Amass..22804.; © = 9290; Aime. 2340 4.; © = 8600. The product was 
therefore mainly af-unsaturated ester; this was confirmed by hydrolysis of a portion (0-7 g.) by heating 
it under reflux with ethanol (5 c.c.) and aqueous 5N-sodium hydroxide (5 c.c.) for 4 hour, whereupon 
solid a-ethoxy-f8-dimethylacrylic acid (0-44 g.), m. p. and mixed m. p. 55°, was obtained. 

Reaction of Ethyl a-Bromo-BB-dimethylacrylate with Piperidine—The ester (20 g.) was dissolved in 
95% ethanol (32 c.c.) and piperidine (28 c.c.), set aside at ca. 20° for 5 days, and worked up by the 
procedure of Murfitt and Roberts (ioc. cit.). The product (12-9 g.), b. p. 78—80°/1 mm., n?? 1-4668, was 
a mixture of ethyl a-piperidino-8-methylenebutyrate and ethyl a-piperidino-8f-dimethylacrylate. Light 
absorption : Ams, 2190 a.; © = 2850. Ozonolysis of a portion in carbon tetrachloride solution gave 
formaldehyde, identified in the wash-water by formation of a copious precipitate of the dimedon derivative, 
m. p. 188°. 
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Hydrolysis of the Piperidino-ester.—A portion (1 g.) was dissolved in methanol (10 c.c.) and heated 
with 5N-sodium hydroxide (5 c.c.) for 45 minutes on the steam-bath; hydrolysis was not complete 
(oily globules still tooony Water was added and the unchanged ester was extracted with ether; the 
recovered material (0-30 g.), b. p. 82°/1 mm., n}} 1-4768, contained a higher proportion of the af-unsaturated 
form. Light absorption: Ames, 2280 a.; ¢ = 5490. The alkaline solution was acidified with a slight 
excess of sulphuric acid (Congo-red) and evaporated todryness. Extraction of the residue with methanol 
gave an oil which partly crystallised. The solid was drained on porous tile and gave the sulphate of 
a-piperidino-B-methylenebutyric acid, which formed leaflets, m. p. 210—212°, from methanol-ether 
(Found : C, 51-9; H, 7-7; N, 5-9. C,H,,O,N,4H,SO, requires C, 51-7; H, 7-8; N, 6-0%). 

Action of Sodium Ethoxide on the Piperidino-ester.—A solution of the ester (4-4 g.) in ethanol (10 c.c.) 
was added to ethanolic sodium ethoxide (sodium, 3 g.; ethanol, 40 c.c.) and set aside at ca. 20° for 24 hours, 
then diluted with water and extracted with ether to give ethyl a-piperidino-BB-dimethylacrylate (2-9 g.), 
b. p. 69°/0-4 mm., n?#? 1-4764 (Found: C, 68-2; H, 9-9; N, 6-8. C, 210,N requires C, 68-3; H, 10-0; 
N, 66%). Light absorption: Ames, 2270 4.; © = 8860. On ozonolysis of a portion, in carbon tetra- 
chloride, only a trace of formaldehyde was formed. The stability towards hydrolysis was shown by 
heating a portion (0-58 g.) with 2-5n-methanolic potassium hydroxide (10 c.c.) for 1 hour under reflux. 
On ether extraction, 0-35 g., b. p. 74°/1 mm., nf 1-4771, was recovered. 

Reaction of a-Bromo-BB-dimethylacrylic Acid with Aqueous Alkali.—(a) Two equal amounts of the 
bromo-acid (1:80 g. each) were dissolved, one in N-, and the other in 2N-aqueous sodium hydroxide (50 c.c. 
each) and heated at 100°. At intervals, 5-c.c. portions were titrated against 0-1N-hydrochloric acid 
(phenolphthalein), and the alkali consumed, allowing for the neutralisation of 1 mol. by the carboxyl 
group, was taken to indicate the amount of bromide ion liberated. Each portion, after titration, was 
treated with excess of aqueous 2: 4-dinitrophenylhydrazine sulphate, and after a few hours the 

ipitated 2: 4-dinitrophenylhydrazone of a-ketoisovaleric acid was collected, dried, and weighed. 
The results are shown in the figure. 

(b) The bromo-acid (0-9 g.) was heated with N-aqueous sodium hydroxide (25 c.c.) for 24 hours at 100°. 
The solution was acidified and extracted with ether. Evaporation of the extracts gave an oil (0-44 g.), 
which was dissolved in acetic acid (10 c.c.) and treated with a stream of ozonised oxygen for } hour; after 
addition of water and zinc dust the — was steam-distilled, and the presence of formaldehyde in the 
distillate confirmed by formation of the dimedon derivative, m. p. 188°. 

(c) The bromo-acid (18 g.) was dissolved in aqueous 2N-sodium hydroxide (300 c.c.) and heated on 
the steam-bath for 9 hours. The solution was then cooled, acidified with hydrochloric acid, and extracted 
with ether (1 x 100 c.c.; 4 x 50c.c.). Evaporation of the dried (CaCl,) extracts gave an oil (5-25 g.), 
which after being kept at 0° overnight deposited y-hydroxy-B-methylcrotonic acid; this crystallised from 
ethyl acetate-light petroleum is prisms (0-6 g.), m. p. 113° (Found: C, 51-5; H, 7-1. C,H,O, requires 
C, 61-6; H, 6-99). Light absorption: Ama 22704.; © = 8120; |e = 13,460 at 2190a. The 
p-phenylphenacyl ester formed needles, m. p. 129°, from alcohol (Found: C, 73-9; H, 6-2. C,H ,,0, 
requires C, 73-5; H, 5-85%). 

The liquid portion on fractional distillation gave : (i) a-ketoisovaleric acid (1 g.), b. p. 67—73°/18 mm., 
n? 1-4268, characterised as the 2 : 4-dinitrophenylhydrazone, m. p. 194°; and (ii) mainly a-hydroxy-B- 
methylenebutyric acid (0-9 g.), b. p. 100° (bath temp.) /0-0001 mm., m?! 1-4667 (Found: C, 50-5; H, 6-9. 
C,H,O, requires C, 51-6; H, 6-9%). The latter could not be entirely freed from y-hydroxy-f-methyl- 
crotonic acid, small amounts of which gradually separated out on long storage. 

The aqueous reaction mixture, remaining after the 5 ether extractions, was continuously extracted 
with ether for 11 hours, and gave an oil (2 g.) from which a further quantity of y-hydroxy-$-methylcrotonic 
acid (0-9 g.) crystallised. The total yield of this acid was 1-9 g. (16%). 

Proof of Structure of y-Hydroxy-B-methylcrotonic Acid.—Ozonisation. The acid (0-4 g.) in acetic acid 
(10 c.c.) was ozonised for 1 hour, the issuing gases being passed through water; no formaldehyde could 
be detected in this wash-water. The solution was then treated with water and zinc dust, and steam- 
distilled; no formaldehyde was present in the distillate, though a small amount of acetol was detected 
as the 2 : 4-dinitrophenylosazone. A further quantity of this derivative was obtained by distillation of 
the filtered residual aqueous acetic acid solution, and treatment of the distillate with excess of aqueous 
2: 4-dinitrophenylhydrazine sulphate on the steam-bath for 2 hours. It formed red needles, m. p. 
306°, from nitrobenzene (Found: N, 25-5. Calc. for C,;H,,0O,N,: N, 25-9%). Some unchanged 
y-hydroxy-f-methylcrotonic acid was recovered from the dry residue after distillation of the aqueous 
acetic acid solution. 

Hydrogenation. (a) A solution of the acid (1-1 g.) and sodium carbonate (0-8 g.) in water (20 c.c.) was 
shaken with hydrogen in the presence of Raney nickel (ca. 0-2 g.). After 3 hours, 90% of the theoretical 
amount of hydrogen had been absorbed; this was increased to 98% after a further 13-5 hours, with two 
fresh additions of catalyst. The filtered solution was then concentrated to ca. 15 c.c., acidified with 
10N-hydrochloric acid (3 c.c.), and heated on the steam-bath for 1} hours to effect lactonisation. It was 
cooled, treated with excess of sodium hydrogen carbonate (1-5 g.), and extracted with ether to give 
B-methylbutyrolactone (0-75 g.), b. p. 89°/14 mm., ?? 1-4327 (Found: C, 60-1; H,8-2. Calc. forC,H,O, : 
C, 60-0; H, 8-05%). The lactone (0-25 g.) was oxidised by heating it with sodium dichromate (1-3 g.) 
in 50%. aqueous sulphuric acid (2-5 c.c.) and water (7-5 c.c.) for 4 hours at 100°. Extraction with ether 
gave methylsuccinic acid (0-13 g.), which crystallised from ethyl acetate-light petroleum in prisms, m. p. 
and mixed por 112—113°. 

(b) The acid (0-2 g.) in water (10 c.c.) was hydrogenated in the presence of a 20% palladium-on-charcoal 
catalyst (0-05 g.); 1-8 mols. of hydrogen were absorbed in 2 hours. Distillation of the filtered solution 
under reduced pressure gave only a small acidic residue (0-04 g.), but the distillate had a strong odour of 
tsovaleric acid and required 11-5 c.c. of 0-1N-sodium hydroxide for neutralisation to phenolphthalein. 
Evaporation of this solution gave a sodium salt, which was identified by conversion into p-phenylphenacyl 
tsovalerate, m. p. and mixed m. p. 79°. 

Hydrogenation of y-Hydroxycrotonic Acid.—The acid (0-2 g.), kindly supplied by Dr. P. Bladon, was 


hydrogenated in water (10 c.c.) over a 20% palladium-on-charcoal catalyst (0-05 g.) and absorbed 
90 
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1-5 mols. of hydrogen in 1-5 hours. The solution was filtered and distilled. The distillate haq a 
pronounced odour of butyric acid and required 7-5 c.c. of 0-1N-sodium hydroxide for neutralisation. It 
gave p-phenylphenacy] butyrate, m. p. 83-5—84°, undepressed on admixture with an authentic specimen 
Drake and Bronitsky (J. Amer. Chem. Soc., 1930, 52, 3715) and Kégl and Sparenburg (Rec. Trav. chim, 
1940, 59, 1180) give m. p. 97°, whereas Kircher, Prater, and Haagen-Smit (Ind. Eng. Chem., Anal., 1946, 
18, 31) give m. p. 82°. , 

Proof of Structure of og nye Kaye gee a Acid.—Ozonisation. The acid (0-5 g.) in acetic 
acid (10 c.c.) was ozonised for 1 hour. he wash-water gave the dimedon derivative, m. p. 188°, of 
formaldehyde and a further quantity was obtained after steam-distillation of the acetic acid solution in the 
presence of zinc dust. This distillate also gave the 2 : 4-dinitrophenylosazone, m. p. 306°, of acetol on 
heating with excess of aqueous 2: 4-dinitrophenylhydrazine sulphate. 

Hydrogenation. The acid (0-4 g.), containing traces of y-hydroxy-f-methylcrotonic acid, was 
hydrogenated in water (10 c.c.) in the presence of a 20% palladium-on-charcoal catalyst for 7} hours, 
whereafter absorption of hydrogen (1-07 mols.) ceased. The filtered solution was evaporated to remove 
water and isovaleric acid, and gave a solid residue of a-hydroxyisovaleric acid, which crystallised from 
light petroleum in prisms (0-24 g.), m. p. and mixed m. p. 83—85°. The authentic material was prepared 
by treatment of a-bromoisovaleric acid with excess of 3N-aqueous sodium hydroxide at ca. 20° for 24 hours. 
The p-phenylphenacyl ester crystallised from alcohol in flattened needles, m. p. 108° (Found: C, 73-2; 
H, 6-15. Cy 9H, .O, requires C, 73-05; H, 6-45%). No hydrogen was absorbed when a-hydroxyisovaleric 
acid (0-2 g.) was treated as above in aqueous solution (10 c.c.) with the palladium catalyst (0-05 g.) for 
6 hours; the unchanged acid was recovered. 

Action of Aqueous Alkali on a-Hydroxy-B-methylenebutyric Acid.—The acid (0-02 g.), which gave a 
negative test with 2 : 4-dinitrophenylhydrazine sulphate, was dissolved in 5N-aqueous sodium hydroxide 
(5 c.c.) and heated for 45 minutes at 100°. The cooled solution was acidified with sulphuric acid and 
shown to contain a-ketoisovaleric acid by formation of the 2 : 4-dinitrophenylhydrazone, m. p. 194°. 

Reactivity of a-Chloro-aB-unsaturated Acids with Alkoxides.—(a) trans-a-Chlorocrotonic acid (0-12 g.) 
in ethanol (0-8 c.c.) was treated with 2-6N-ethanolic sodium ethoxide (1-2 c.c.). The heterogeneous 
mixture was heated under reflux for 8 hours, then diluted with water, acidified with sulphuric acid, and 
extracted withether. The halide in the aqueous portion was determined volumetrically, and corresponded 
to 36% reaction. 

(b) “a-Chloro-f8-dimethylacrylic acid (0-135 g.) in ethanol (0-8 c.c.) and 2-6N-ethanolic sodium ethoxide 
(1-2 c.c.) (homogeneous solution) on similar treatment gave chloride ion equivalent to 86% reaction. 


The authors thank Sir Ian Heilbron, D.S.O., F.R.S., for his interest in the work described in this and 
the three following papers, and are grateful also to Dr. E. A. Braude for the light-absorption data and 
for helpful discussion. One of them (M. U. S. S.) is indebted to the Ceylon Government for the award 
of a post-graduate scholarship. 
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651. Olefinic Acids. Part V. y-Methoxycrotonic Acid. 
By L. N. Owen and M. U. S. SULTANBAWA. 


The synthesis of y-methoxycrotonic acid has been investigated, and a suitable process devised 
for its preparation. It is very sensitive towards alkali, and readily undergoes prototropic 
change into the By-unsaturated isomer; this conversion has been studied under various 
conditions. $-Methoxycrotonic acid, also, undergoes prototropic change, whereas the 
a-methoxy-acid is stable towards alkali. These results can be attributed to the powerful +M 
effect of the methoxy-group, and can also be reconciled with hyperconjugation influences. 
y-Methoxycrotonic acid undergoes addition reactions with toluene-w-thiol, thiolacetic acid, 
and diazomethane. 

Some attempts to synthesise other analogues of y-methoxycrotonic acid are described. 
Methoxyacetone undergoes the Reformatsky reaction and yields, with ethyl bromoacetate, 
ethyl B-hydroxy-y-methoxyisovalerate, but dehydration of this product takes place in the 
By-direction. Condensation of dimethoxyacetone with ethyl cyanoacetate gives ethyl a-cyano- 
y-methoxy-B-(methoxymethyl)crotonate. 


In Part IV (preceding paper) it was shown that a-methoxy- and «-ethoxy-$-methylenebutyric 
acids readily underwent prototropic change in the presence of alkali and that the equilibrium 
mixtures consisted largely of the «-alkoxy-$$-dimethylacrylic acids. In order to determine 
the effect of alkoxy-substituents in the y-position of «-unsaturated acids, the preparation of 
y-methoxycrotonic acid has been studied. 

Ethyl y-bromocrotonate is a highly reactive substance, and is known to give the y-hydroxy- 
and y-acetoxy-esters when treated with moist silver oxide and with sodium acetate, respectively 
(Rambaud, Bull. Soc. chim., 1934, [v], 1, 1206, 1317). However, it is reported to give, with 
alcoholic sodium ethoxide, mainly ethyl 2-ethoxycyclopropane-l-carboxylate (idem, ibid., 
1938, [v], 5, 1552). It is possible that a similar reaction occurs with sodium methoxide, since 
we have failed to isolate any ethyl y-methoxycrotonate by treatment of the bromo-ester with 
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that reagent, either under the mildest conditions in methanol or in benzene suspension. It 
was thought, however, that y-bromocrotonic acid might more readily undergo nucleophilic 
replacement of bromine, since it should be less susceptible towards addition than the ester. 
This proved to be so, and with methanolic sodium methoxide it gave y-methoxycrotonic acid in 
good yield. Unfortunately, the y-bromo-acid is not readily prepared in large quantity, and the 
method was therefore unsuitable. It may be noted that, although the replacement reaction 
occurs in an anionotropic system, no rearrangement was observed, the conditions being 
essentially bimolecular (cf. Part IV, Joc. cit.); had rearrangement occurred, the formation (by 
subsequent prototropic change) of a-methoxycrotonic acid would have taken place. 
y-Ethoxycrotonic acid was synthesised by Lespieau (Bull. Soc. chim., 1906, [iii], 38, 467) 
from epichlorohydrin, but the yields and exact conditions were not specified. It has now been 
found ible to prepare y-methoxycrotonic acid ; > tt 
by it sess but the "ater stages required The nen eS Fe > Ie acid 
detailed investigation in order to obtain satis- “q 7 
factory results. 75 
Epichlorohydrin was converted into 2-hydroxy- 
$-methoxy-n-propy! chloride and thence into 6- 
hydroxy~y-methoxybutyronitrile (I) by Koelsch’s 
method (J. Amer. Chem. Soc., 1943, 65, 2461). 
The formation of y-methoxycrotonic acid from 
this nitrile, involving hydrolysis and dehydration, 
was attempted in several ways. (i) The nitrile 
was dehydrated over potassium carbonate to give 
y-methoxycrotononitrile (Koelsch, loc. cit.) ; hydro- 
lysis of the latter with either 25% sulphuric acid 
or 10% aqueous sodium hydroxide did not give 
any appreciable quantity of the solid methoxy- 
acid. In retrospect, the failure of the alkaline 
hydrolysis was probably caused by the very easy 
isomerisation into the fy-unsaturated methoxy- 
acid, which was established later. (ii) Hydrolysis 
of the nitrile (I) with aqueous alkali gave 8- 0 0 77 rn 
hydroxy~y-methoxybutyric acid (p-phenylphenacyl Hours. 
ester), but dehydration of the acid gave only poor I, n-NaOH. II, 4:8n-NaOH. 
yields of oil. (iii) The nitrile (I) was converted 
into methyl B-hydroxy-y-methoxybutyrate; dehydration of this with phosphoric oxide was un- 
successful, but by distillation over anhydrous potassium carbonate some dehydration was 
effected. (iv) Ethyl B-hydroxy~y-methoxybutyrate (II) was also prepared from the nitrile (I) and 
acetylated to give ethyl B-acetoxy~y-methoxybutyrate (III), distillation of which in portions over 
anhydrous potassium carbonate gave ethyl y-methoxycrotonate (IV). The latter was rapidly 
hydrolysed by brief treatment with hot n-alkali to give y-methoxycrotonic acid (V) in good 
yield : 
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11% 90% 
MeO-CH,°CH(OH)-CH,*CN ——> MeO-CH,’CH(OH)-CH,°CO,Et ——> MeO’CH,°CH(OAc)-CH,’CO,Et 
(I.) (II.) (III.) 


83% 74% 
—> MeO-CH,’CH:CH-CO,Et —> MeO-CH,CH:CH-CO,H 
(IV.) (V.) 


Hydrogenation of y-methoxycrotonic acid in aqueous solution, over a palladium-charcoal 
catalyst, gave y-methoxybutyric acid (p-phenylphenacyl ester) with only a trace of butyric acid. 
The hydrogenolysis of (V) thus occurs much less readily than that of the corresponding 
y-hydroxy-acid (see Part IV, loc. cit.). 

y-Methoxycrotonic acid is very readily converted into the #y-unsaturated isomer by the 
action of alkali, and for this reason the hydrolysis of its ester (see above) must be carried out 
rapidly. The isomerisation of the acid was followed in a roughly quantitative manner by 
heating it with excess of aqueous alkai (N. and 4-8N.), the 8-methoxymethylenepropionic acid 
(VI) formed being determined by acidification of test portions and precipitation of the 2 : 4-di- 
nitrophenylhydrazone of succinsemialdehyde (VII). It was found (see figure) that the equilibrium 
mixture contained ca. 70% of (VI); as would be expected, equilibration is faster with the 
higher concentration of alkali, since the mobility will then be greater, but the composition of 
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the final product is, within experimental error, independent of the alkali concentration. [t 
was also observed that slow isomerisation occurred when (V) was set aside at ordi 
temperature with excess of 5n-alkali, but that the sodium salt of (V) was unchanged by heating 
it in aqueous solution at 100°. In a larger-scale experiment, y-methoxycrotonic acid was 
heated with 5n-alkali at 100° for 2 hours (cf. figure), and 6-methoxymethylenepropionic acid (VI) 
was isolated from the product; it exhibited lactonic properties and probably existed partly in 
the form (VIID). 


MeO-CH:CH-CH,‘CO,H CHO:CH,CH,CO,H MeO-GH-CHyCH,-f0 
(VI.) (VII.) (VIII.) 


Since in crotonic acid the equilibrium lies entirely on the af-side, it is evident that the 
methoxy-group in the y-position exercises a profound effect. It was already known that in 
the a-position a methoxy-group favoured the «f-form (cf. Part IV, loc. cit.), and the opportunity 
was therefore taken to examine under comparable conditions the af—-fSy change for a-, 6-, and 
y-methoxycrotonic acid, all of which were now available. Equilibration was brought about 
by heating the acids with ethanolic sodium ethoxide, and the amount of af-acid was then 
determined from the absorption spectra, by the technique described in Part IV. a-Methoxy- 
crotonic acid, as expected, was practically unaffected by this treatment (confirmed on a larger 
scale by isolation of the unchanged acid), whereas with 6- and y-methoxycrotonic acids ca. 60% 
and 70%, respectively, of ®y-forms were present; the figure for the y-methoxy-acid was thus 
approximately the same as that determined, by different means, in the solutions equilibrated 
with aqueous alkali. On the earlier theories of tautomeric change, the favouring of the 
aB-unsaturated form by «-substitution, and, of the ®y-form by #- and y-substitution, is the 
result which would have been expected if the substituent group in each case had (+J, —T) 
characteristics (cf. Baker, ‘‘ Tautomerism,” Routledge, 1934, p. 56). That the methoxy-group 
(—I, +T) behaves in this way must be attributed, as pointed out in Part IV, to the powerful 
mesomeric (+) effect, which overshadows the weak inductive (—J) property. In the light 
of more modern concepts, the problem may be considered from the point of view of the energy 
contributions resulting from the hyperconjugation of the methoxy-group with ethylenic linkages 
in the appropriate positions. With the «-methoxy-acid, such hyperconjugation can apply only 
to the af-unsaturated structure (IX), whilst with the y-methoxy-acid it only comes into play 


Cx io" va 
Me-Cfi=C-CO,H CH=CH-CH,-CO,H Me-C=CH-CO,H CH,—=C-CH,'CO,H 


Me Me * Me Cc Me 
(IX.) (X.) (XI.) (XIL.) 


in the Sy-unsaturated form (X). With the B-methoxy-acid both the a$- (XI) and the fy-form 
(XII) offer the possibility of hyperconjugation, but, whereas in (XI) the effect is in competition 
with the hyperconjugation of the methyl group with the ethylenic linkage, this does not arise 
in (XII); the latter structure may therefore be considered to be the more stable. The mobility 
of the y-methoxy-acid, in its original «$-unsaturated form, must be increased by the —IJ effect 
of the methoxy-group, since the +M effect (which would decrease mobility) cannot operate 
until the #y-structure is established. 

The readiness with which y-methoxycrotonic acid undergoes addition reactions was shown 
in several instances. An aqueous solution of sodium y-methoxycrotonate reacted smoothly 
on heating with toluene-w-thiol to give, in good yield, -benzylthio-y-methoxybutyric acid (XIII), 
characterised by oxidation to {-benzylsulphonyl-y-methoxybutyric acid; a comparative 
experiment, with sodium crotonate, gave a smaller yield of §-benzylthiobutyric acid. 
y-Methoxycrotonic acid gave quantitative yields of the expected addition products when 
treated with (a) thiolacetic acid, and (b) diazomethane. From the former, §-acetylthio-y- 
methoxybutyric acid (XIV) was obtained, which on being heated in sodium carbonate solution 
with benzyl chloride was converted into (XIII). The diazomethane reaction gave methyl 4- 
methoxymethylpyrazoline-3-carboxylate (XV). The addition of bromine to y-methoxycrotonic 
acid is described in Part VI (following paper). 


MeO-CH,-CH—CH-CO,Me 
CH, N 
MeO:CH,°CH(S-CH,Ph)*CH,CO,H § MeO-CH,-CH(SAc)-CH,-CO,H 
(XIII.) (XIV.) 
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From the foregoing experiments it appeared that nucleophilic addition to the 8-carbon atom 
took place rather more readily with y-methoxycrotonic acid than with crotonic acid itself, 
but, since the differentiation was more striking when the corresponding «-bromo-acids were 
investigated, discussion of the additive reactivity is deferred to Part VI (following paper). 

Some attempts were made to synthesise other analogues of +y-methoxycrotonic acid, 
including y-methoxy-f$-methylcrotonic acid and $§-bismethoxymethylacrylic acid, and although 
these were unsuccessful some interesting points emerged. 

Few methoxy-ketones have been subjected to the Reformatsky reaction (cf. Rubin, Paist, 
and Elderfield, J. Org. Chem., 1941, 6, 260; Shriner, ‘“‘ Organic Reactions,” 1942, Vol. I, 1), but 
methoxyacetone was found to react with ethyl bromoacetate to give ethyl B-hydroxy~y-methoxy- 
isovalervate (XVI), hydrolysis of which gave the corresponding hydroxy-acid. Distillation of 
the hydroxy-ester over potassium carbonate gave a mixture of products, in which only methoxy- 
acetone was identified (2 : 4-dinitrophenylhydrazone); this ready thermal scission is, in effect, 
a reversed Claisen reaction. When the hydroxy-acid was heated with acetic anhydride the 
product was mainly 6-formylbutyric acid (XVII) (2 : 4-dinitrophenylhydrazone), indicating that 
although dehydration had been effected it had occurred in the fy-direction; this is in accord 
with the observations of Rubin et al. (loc. cit.), who found that the dehydration of somewhat 
similar compounds, under acidic conditions, proceeded in this way and gave aldehydes. The 
acetovy-ester was largely recovered unchanged after distillation over sodium acetate. 


MeO-CH,-CMe(OH)-CH,°CO,Et CHO-CHMe-CH,CO,H (MeO-CH,),C:C(CN)-CO,Et 
(XVI) (XVIL.) (XVIII) 


For the proposed synthesis of 86-bismethoxymethylacrylic acid, ««’-dimethoxyacetone was 
required. Grimaux and Le Févre (Bull. Soc. chim., 1889, [iii], 1, 11) and also Henze and Rogers 
(J. Amer. Chem. Soc., 1939, 61, 433) obtained only resinous products in attempts to prepare 
diethoxyacetone from a«’-dichloroacetone and sodium ethoxide. We observed similar results, 
even under the mildest conditions, with sodium methoxide, and also by treatment with methanol 
and silver carbonate. In order to reduce this high reactivity of the halogen atoms, aa’-di- 
chloroacetone was converted into its dimethyl ketal, but this compound was remarkably stable. 
It was practically unaffected by prolonged heating with methanolic sodium methoxide under a 
variety of conditions. 

Attempts were made to prepare dimethoxyacetone by the oxidation of 1 : 3-dimethoxy- 
propan-2-ol, either by the general method of Henze and Rogers (loc. cit.) (sodium dichromate 
and aqueous sulphuric acid) or by the procedure devised by Bowden, Heilbron, Jones, and 
Weedon (J., 1946, 39) for the oxidation of acetylenic carbinols (chromic anhydride—aqueous 
acetic acid—acetone). It proved to be impracticable to separate any large quantity of the 
ketone from unchanged alcohol, and the use of a greater proportion of oxidant merely resulted 
in diminished yield; nevertheless, an alcohol—ketone mixture was successfully condensed with 
ethyl cyanoacetate (cf. Cope, Hofmann, Wyckoff, and Hardenbergh, J. Amer. Chem. Soc., 
1941, 68, 3452), to give ethyl a-cyano~y-methoxy-B-methoxymethylcrotonate (XVIII). All efforts 
to hydrolyse and decarboxylate this compound failed. As was to be expected, in the presence 
of alkali the compound exhibited high mobility and was rapidly converted into the 
fy-unsaturated form, as indicated by the formation of a carbonyl compound on subsequent 
acidification. Attempted hydrolysis by acid led to extensive decomposition. 





EXPERIMENTAL. 


(Light petroleum, unless stated otherwise, was the fraction of b. p. 40—60°. Light-absorption 
measurements were made in alcoholic solution.) 

Methyl y»-Bromocrotonate.—Methyl crotonate (200 g.), N-bromosuccinimide (250 g.), and benzoyl 
peroxide (0-15 g.) were heated under reflux for 21 hours. The cooled solution was filtered and 
a. Fractionation of the residue gave methyl y-bromocrotonate (162 g.), b. p. 78—82° Bi mm., 

® 1-5021 (cf. Ziegler, Annalen, 1942, 552, 80; Karrer and Schmidt, Helv. Chim. Acta, 1946, 29, 573). 

” y-Bromocrotonic Acid.—The methyl ester (40 g.) in 25% aqueous ethanol (500 c.c.) was hydrolysed 
one barium — (32 g.) by the method of Braun (J. Amer. Chem. Soc., 1930, 52, 3173). Yield, 

g.; m. p. 69—71 


Action of Sodium Methoxide on Met hyl y-Bromocrotonate.—Sodium methoxide (1-7 g.) was suspended 


in dry benzene (10 c.c.) and cooled to 0°. Methyl y-bromocrotonate (5-5 g.) was added gradually, with 
vigorous stirring, a dark brown colour being develo a. After 3 hours at 0° water was added, and the 
benzene layer was separated, dried (Na,SO,), and evaporated to an oil. A small amount of solid 
gradually formed; this was removed and crystallised from carbon tetrachloride in colourless prisms, 
m. p. 168—169°. It was possibly methyl cyclopropenecarboxylate (Found: C, 61-0; H, 6-1. 5H,0, 
requires C, 61-2; H, 6-2%). Light absorption: Max., 3030 a.; El, 2600. On attempted distillation, 
the residual oil resinified. 
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Action of Sodium Methoxide on y-Bromocrotonic Acid.—The bromo-acid (3-35 g.) was dissolved in 
methanol and titrated (phenolphthalein) with 1-35n-methanolic sodium methoxide (14-5 c.c.). The 
sodium salt separated out during the neutralisation. The heterogeneous mixture was heated under 
reflux for 1 hour, then made homogeneous by addition of more methanol (10 c.c.), and heated for a 
further hour. The solvent was then removed under reduced pressure, and the residue was dissolved in 
dilute sulphuric acid and extracted with ether. The extracts were dried (Na,SO,) and evaporated to 
a solid, which was pressed on porous tile and crystallised from light petroleum in flattened needles of 
y-methoxycrotonic acid (1-9 g.), m. p. 66—67° (Found: C, 51-5; H, 68. C;H,O, requires C, 51-6; 
H, 6-9%). Light absorption: Max., 2210 4.; ¢ = 6030. 

a-Hydroxy-B-methoxy-n-propyl Chloride—Prepared by the method of Koelsch (loc. cit.) this had 
b. p. 64—66°/9 mm., njf 1-4456. 

-Hydroxy-y-methoxybutyronitrile.—This was obtained from the above chloride (Koelsch, Joc. cit.) 
and had b. p. 120—129°/17 mm., }$ 1-4386. 

y-Methoxycrotononitrile——The hydroxy-nitrile was dehydrated over potassium carbonate (Koelsch, 
loc. cit.). The product had b. p. 183—185°, njf 1-4364. When y-methoxycrotononitrile (1-1 g.) was 
heated on the steam-bath with 25% sulphuric acid (10 c.c.) for 3} hours, and then cooled and extracted 
with ether, only a trace of a dark oil was obtained; a similar result was observed when the hydrolysis 
was performed with 10% aqueous sodium hydroxide. 

B-Hydroxy-y-methoxybutyric Acid.—B-Hydroxy-y-methoxybutyronitrile (11-7 g.) was heated under 
reflux with 20% aqueous potassium hydroxide (60 c.c.) for 10 hours, whereafter no more ammonia was 
evolved. The solution was acidified and continuously extracted with ether for 24 hours. Evaporation 
of the dried (Na,SO,) extracts gave B-hydroxy-y-methoxybutyric acid (11 g.), b. p. 110—114°/0-003 mm., 
ni? 1-4464. The p-phenylphenacyl ester crystallised from alcohol in plates, m. p. 96° (Found: C, 69-2; 
H, 6-3. C, H,,O, requires C, 69-45; H, 6-15%). Dehydration of the acid by treatment in ether with 
phosphoric oxide or by distillation at 0-01 mm. over potassium hydrogen sulphate gave only poor yields 
of unsaturated liquid acids. 

Methyl B-Hydroxy-y-methoxybutyrate—A solution of B-hydroxy-y-methoxybutyronitrile (22-7 g.) 
in methanol (195 c.c.) and water (5 c.c.) was saturated with dry hydrogen chloride at 0° and subsequently 
heated under reflux in an oil-bath at 140° for 3 hours. Ammonium chloride was removed by filtration, 
and the filtrate was neutralised with sodium hydrogen carbonate, again filtered, and concentrated under 
reduced pressure. Fractionation of the residue gave methyl B-hydroxy-y-methoxybutyrate (13 g.), b. p. 
102—104°/17 mm., n?? 1-4311 (Found : C, 47-9; H, 8-15. C,H,,0, requires C, 48-6; H, 8-2%). When 
this ester was distilled slowly at ordinary pressure over potassium carbonate it gave an unsaturated 
product, which appeared to contain some af-unsaturated ester (light absorption: Max., <2150a.; 

= 4300 at 2180 a.) but could not be purified. 

Ethyl B-Hydroxy-y-methoxybutyrate——A solution of B-hydroxy-y-methoxybutyronitrile (450 g.) in 
ethanol (2500 c.c.) and water (60 c.c.) was treated with a stream of dry hydrogen chloride at 0° for 
6 hours and then heated under reflux in an oil-bath at 125—130° for 3} hours. After working up as 
for the methyl ester, ethyl B-hydroxy-y-methoxybutyrate (442 g.), b. p. 119—122°/23 mm., n?? 1-4274, was 
obtained (Found: C, 51-6; H, 8-4. C,H,,0, requires C, 51-8; nd 8-7%). 

Ethyl B-Acetoxy-y-methoxybutyrate-—The hydroxy-ester (468 g.) was heated under reflux with acetic 
anhydride (335 g.) for 1 hour in an oil-bath at 160—170°. On fractional distillation the acetoxy-ester 
(532 g.) was obtained, b. p. 104—110°/1-3 mm., nj} 1-4236 (Found: C, 52-6; H, 8-1. C,H,,0, requires 
C, 52-9; H, 7-9%). 

Ethyl y-Methoxycrotonate.-—The acetoxy-ester was distilled, in 100-g. portions, over anhydrous 
potassium acetate, from a 250-c.c. flask heated with a Bunsen flame. The distillate was collected up 
to b. p. 195° and then fractionated to remove acetic acid. Ethyl y-methoxycrotonate had b. p. 
78—79°/15 mm., n?% 1-4330 (Found: C, 58-1; H, 8-2. C,H,,0, requires C, 58-3; H, 84%). Yield, 
312 g. from 531 g. of acetoxy-ester. Light absorption: Max., <2150a.; © = 7200 at 2160 a. 

y-Methoxycrotonic Acid.—The ethyl ester (75 g.) was added, all at once, to N-sodium hydroxide 
(1000 c.c.) at 80—90° with vigorous stirring. A homogeneous solution was obtained in 1 minute, and 
after a total of 3 minutes it was quickly acidified by the addition of 4N-sulphuric acid, cooled as rapidly 
as possible, saturated with ammonium chloride, and extracted with ether (2 x 100; 3 x 50c.c.). The 
combined extracts from 4 such experiments were dried (CaCl,) and evaporated to a solid (170 g.); 
continuous ether extraction of the combined — residues gave a further quantity (79 g.) of less pure 
material, containing some oil. Crystallisation from light petroleum gave colourless needles of y-methoxy- 
crotonic acid (179 g.), m. p. 66—67°, undepressed on admixture with the acid, obtained above, from 
y-bromocrotonic acid. The p-phenylphenacyl ester crystallised from ethanol in needles, m. p. 109-5° 
(Found: C, 73-2; H, 6-0. C,,H,,O, requires C, 73-5; H, 5-85%). The methyl ester, prepared b 
reaction in dry ether with the calculated amount of ethereal diazomethane, had b. p. 88°/31 mm., n> 
1-4383 (Found: C, 55-5; H, 8-0. C,H,,O, requires C, 55-4; H, 7°75%). Hydrogenation of the acid 
(1-5 g.) in water (10 c.c.) in the eng of 10% palladium-charcoal (0-4 g.) was complete in 4 hour; 
continuous ether extraction of the filtered solution gave y-methoxybutyric acid (0-9 g.), b. p. 
130—138°/30 mm., n}? 1-4244, together with 0-15 g. of lower-boiling material which contained a little 
butyric acid. p-Phenylphenacyl y-methoxybutyrate crystallised from ethanol in needles, m. p. 81° 
(Found: C, 72-75; H, 6-35. Cy, ,H,.,O, requires C, 73-0; H, 6-45%). 

Action of Alkali on y-Methoxycrotonic Acid.—(a) The acid (1-006 g.) was dissolved in N-sodium 
hydroxide (25 c.c.) and heated at 100°. At intervals, 2-c.c. portions of the cooled solution were with- 
drawn, acidified with 4n-sulphuric acid, and treated with excess of aqueous 2 : 4-dinitrophenylhydrazine 
sulphate. After 1 hour, the precipitated derivative was collected, washed, dried im vacuo over calcium 
chloride, and weighed. A similar series of determinations was carried out in 4-8n-sodium hydroxide 
(25 c.c., with 1-001 g. of acid). The results are shown in the figure. 

(6) When the acid (0-1 g.) was dissolved in excess of 4-8N-sodium hydroxide (1 c.c.), set aside for 
24 hours, then acidified and treated with the 2: 4-dinitrophenylhydrazine reagent, a small yield 
of derivative was obtained, corresponding to ca. 10% conversion into the By-form. 
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(c) When the acid was exactly neutralised with N-alkali and the solution thereafter heated at 100° 
for 2 hours, no appreciable amount of 2: 4-dinitrophenylhydrazone was formed on addition of the 


ent. 
wea) y-Methoxycrotonic acid (5-75 g.) was heated with 4-8n-sodium hydroxide (50 c.c.) for 2 hours 
at 100°, then cooled and treated with a slight deficiency (118 c.c.) of 2n-hydrochloric acid, The solution 
was immediately extracted with ether, and the dried (CaCl,) extracts, on evaporation and fractionation 
of the residue, gave B-methoxymethylenepropionic acid (1-9 g.), b. p. 73—75°/3-5 mm., n?? 1-4330 (Found : 
C, 51-7; H, 7:2. C,H,O, requires C, 51-6; H,6-9%). It showed no appreciable light absorption above 
2150 a. It was not completely soluble in sodium carbonate solution and probably existed partly in the 
lactonic form. 

Action of Sodium Ethoxide on a-, B-, and y-Methoxycrotonic Acid.—The a- and B-methoxy-acids were 
prepared by the method of Owen (Part I; /., 1945, 385). 

(a) The acids (ca. 10 mg. each) were equilibrated by heating for 18 hours at 100° with 2-6n-ethanolic 
sodium ethoxide; the solutions were thereafter neutralised and diluted, according to the procedure 
described in Part IV (loc. cit.), for the determination of the absorption spectra : 


Initial absorption. Final absorption. 
Acid. us is a ) a €. 
a-Methoxycrotonic 2220 9400 
B- ” 2280 5300 
a ” <2200 1700 at 22004. 


The decrease in the wave-length of maximum absorption (accompanying the reduction in concentration 
of the af-unsaturated acid) which is most marked when the f- and y-methoxy-acids are treated with 
alkoxides, has been observed also in other instances of aB —-> By change encountered in the present 
investigations. 

(b) a-Methoxycrotonic acid (5-8 g.) was heated with 5n-soduim methoxide (60 c.c.) in a sealed tube 
at 100° for 24 hours. The acid was recovered unchanged (4-8 g.), m. p. and mixed m. p. 58°. 

Addition Reactions of y-Methoxycrotonic Acid.—(a) With toluene-w-thiol. The acid (1-18 g.) was 
dissolved in water (1 c.c.) and neutralised with 5n-sodium hydroxide (2-1 c.c.). Toluene-w-thiol (2 g.) 
was added and the solution was heated under nitrogen for 18 hours at 100°. Excess of thiol was 
extracted with ether and the solution was then acidified with 4n-sulphuric acid. Ether extraction 
gave B-benzylthio-y-methoxybutyric acid (2-13 g.; 87%) as a colourless viscous liquid, b. p. 140—160° 
(bath ee eek). mm., mj 1-5453 (Found: C, 59-9; H, 6-8; S, 13-1. C,,H,,0,S requires C, 60-0; 
H, 6-7; S, 13-4%). 

(b) With thiolacetic acid. y-Methoxycrotonic acid (3-5 g.) was dissolved in thiolacetic acid (3-1 g.) 
by gentle warming. After a few hours, some unchanged methoxy-acid had separated; the mixture 
was therefore heated under nitrogen for 1 hour at 100° and then fractionated, to yield B-acetylthio-y- 
methoxybutyric acid (5-1 g., 85%), b. p. 134°/0-2 mm., nu} 1-4910 (Found: C, 43-6; H, 6-2; S, 16-4. 
C,H,,0,S requires C, 43-75; H, 6-3; S, 16-7%). Light absorption: Max., 2280a.; e¢ = 8100. 

(c) With diazomethane. y-Methoxycrotonic acid (1 g.) in ether (10 c.c.) was treated with an excess 
of ethereal diazomethane (100 c.c.) in the dark for 4days. Evaporation of the solvent then gave methyl 
4-methoxymethylpyrazoline-3-carboxylate as a pale yellow oil (1-5 g.), b. p. 120°/0-01 mm., m}§ 1-5124 
(Found: C, 48-8; H, 7-1; N, 15-8. C,H,,0O,;N, requires C, 48-8; H, 7-0; N, 16-2%). 

B-Benzylsulphonyl-y-methoxybuyric Acid.—(a) B-Benzylthio-y-methoxybutyric acid (0-6 g.) was 
dissolved in water (2 c.c.) containing sodium carbonate (0-2 g.). Potassium permanganate (1-05 g.) 
dissolved in water (30 c.c.) was added gradually, with cooling, the colour being rapidly discharged in 
the early stages, but persisting after the addition of the total quantity. The excess was removed with 
sulphur dioxide. The product, isolated by ether extraction, formed a viscous oil, from which B-benzyl- 
sulphonyl-y-methoxybutyric acid gradually separated; it recrystallised from water in needles, m. p. 
95° (Found: C, 53-2; H, 5-8; S, 11-1. C,.H,,0,S oe er C, 52-9; H, 5-9; S, 11-8%). 

(b) B-Acetylthio-y-methoxybutyric acid (0-8 g.) and sodium carbonate (1 g.) were dissolved in water 
(15 c.c.). A solution of benzyl chloride (0-6 g.) in ethanol (10 c.c.) was added, and the mixture was 
heated on the steam-bath under nitrogen for 1 hour. The solution was cooled and extracted with ether 
to remove excess of benzyl chloride and benzyl alcohol, and then gradually treated with a solution of 
potassium permanganate (1 g.) in water (30 c.c.). After treatment with sulphur dioxide and extraction 
with ether, B-benzylsulphonyl-y-methoxybutyric acid, m. p. and mixed m. p. 95°, was obtained. 

Action of Toluene-w-thiol on Crotonic Acid.—The acid (1-0 g.) was suspended in water (1 c.c.), and 
neutralised with 5N-sodium hydroxide (2-5 c.c.); toluene-w-thiol (2 g.) was added and the mixture was 
heated at 100° for 18 hours under nitrogen. After being worked up in the same way as described for 
the addition to y-methoxycrotonic acid, the crude product (2-0 g.) on distillation afforded B-benzylthio- 
butyric acid (1-8 g.; 74%) as a colourless viscous liquid, b. p. 100° (bath temp.) /0-0001 mm., nm} 1-5503, 
which was characterised by oxidation with potassium permanganate to f-benzylsulphonylbutyric acid, 
m. p. 132°. 

Methoxyacetone.—Prepared by the reaction of methoxyacetonitrile (Org. Synth., Coll. Vol. II, p. 387) 
with methylmagnesium iodide according to the method of Henze (J. Amer. Chem. Soc., 1934, 56, 1350), 
this had b. p. 112—114°, ni 1-4016. The 2: oe og crystallised from methanol in 
oe _ m. p. 163° (Found: C, 45-1; H, 4:7; N, 20-5. C,H,,0,N, requires C, 44-8; H, 4-5; 

» 20-9%). 

Ethyl B-Hydroxy-y-methoxyisovalevate—To a solution of methoxyacetone (23 g.) and ethyl bromo- 
acetate (34 g.) in dry benzene (150 c.c.), zinc wool (13-5 g.) was added, followed by a trace of iodine. 
When the initial vigorous reaction had subsided, the temperature was raised to ca. 75° by warming the 
mixture on the steam-bath, and another small crystal of iodine was added. A further vigorous reaction 
occurred, and subsided after 15 minutes. The mixture was finally heated on the steam-bath under reflux 
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for 45 minutes and then cooled. The product was decomposed by the addition of ice and 4n-sulphuric 
acid, and the benzene layer was removed, washed with water, dried (Na,SO,), and evaporated under 
reduced pressure. Fractionation of the residue gave ethyl B-hydroxy-y-methoxyisovalerate (16-5 g.) 
b. p. 105°/21 mm., nf 1-4293 (Found: C, 54-2; H, 9-0. C,H,,O, requires C, 54-5; H, 9-2%). On 
slow distillatiqn over potassium carbonate at ordi pressure and refractionation of the distillate 
a lower-boiling fraction, b. p. 75—78°/230 mm., nde 1-3958, was obtained, which was shown to 
contain methoxyacetone by formation of the 2: 4-dinitrophenylhydrazone, m. p. and mixed m. Pp. 
164—165°. 

Dehydration of B-Hydvoxy-y-methoxyisovaleric Acid—The acid was prepared by hydrolysis of the 
above ethyl ester (6-2 g.) with boiling 5N-methanolic potassium hydroxide for 18 hours; methanol was 
then evaporated under reduced pressure, and the solid residue was dissolved in water, extracted with 
benzene to remove a small amount of oil, acidified, and continuously extracted with ether for 36 hours, 
Evaporation of these dried (CaCl,) extracts gave the crude hydroxy-acid (2-5 g.), b. p. 80—90°/0-001 mm. 
A portion (1-5 g.) was heated under reflux with acetic anhydride (6 c.c.) for 3 hours on a sand-bath. 
After removal of acetic acid and acetic anhydride by distillation, a main fraction, b. p. 49—55°/0-01 mm., 
was obtained; this reduced alkaline permanganate and on treatment with aqueous 2 : 4-dinitrophenyl- 
hydrazine sulphate gave B-formylbutyric acid 2 : 4-dinitrophenylhydrazone, which formed orange needles, 
m. p. 174—175°, from aqueous methanol (Found: C, 44:7; H, 4:0; N, 19-5. C,,H,,0,N, requires 
C, 44-6; H, 4-1; N, 18-9%). 

Ethyl B-Acetoxy-y-methoxyisovalerate—Ethyl B-hydroxy-y-methoxyisovalerate (8-1 g.) was heated 
under reflux with acetic anhydride (11 c.c.) for 3 hours. Fractionation of the product gave the acetoxy- 
ester (7:4 g.), b. p. 47°/0-2 mm., nl¥ 1-4283 (Found: C, 54-7; H, 8-1. C, H,,0, requires C, 55-0; 
H, 83%). On distillation of a portion at ordinary pressure over sodium acetate, a very small amount 
of a lower-boiling unsaturated liquid was obtained, b. p. 883—100°/15 mm., 7! 1-4322, but the bulk of 
the acetoxy-ester was recovered unchanged. 

Reactions of aa’-Dichloroacetone.—(a) The ketone (2 g.) and silver carbonate (6 g.) in methanol (25 c.c.) 
were heated under reflux for 7 hours. The filtered solution on evaporation gave an oil, which resinified 
on attempted distillation at 10 mm. 

(b) A solution of the ketone (6-35 g.) in methanol (100 c.c.) was cooled to —10°, and 2-35n-methanolic 
sodium methoxide (3-5 c.c.) was gradually added. The temperature was allowed to rise during 2 hours 
to 7°, the solution becoming neutral. A further quantity (17-5 c.c.) of the sodium methoxide was added, 
at 0—5°, during 7 hours; the solution became neutral after being kept at this temperature overnight. 
Sodium chloride was removed by filtration, and methanol by evaporation under reduced pressure; 
the residue was a brown resin. 

Stability of aa’-Dichloroacetone Dimethyl Ketal_—The ketal, m. p. 81°, was prepared by the method 
of Prjanischnikow and Leontowitsch (Ber., 1935, 68, 1866). (a) This compound (1-7 g.) was heated 
under reflux with 1-18N-methanolic sodium methoxide (10 c.c.) for 60 hours. Water was added, the 
organic material was removed in ether, and the chloride ion in the aqueous portion was determined 
volumetrically ; it corresponded to 1-5% of the theoretical for complete replacement. 

(b) A similar experiment, in a sealed tube at 180° for 24 hours, in the presence of copper powder 
(0-06 g.), indicated ca. 5% liberation of chloride ion. 

(c) A similar experiment, in a sealed tube at 180° for 68 hours, in the presence of sodium iodide 
(0-3 g.) and copper powder (0-06 g.), gave ca. 5% liberation of chloride ion. 

Oxidation of 1 : 3-Dimethoxypropan-2-ol.—(a) To the alcohol (20 g.), prepared from glycerol aa’-di- 
chlorohydrin by the method of Henze and Rogers (/oc. cit.), and sodium dichromate (30 g.), a solution 
of sulphuric acid (14-2 c.c.) in water (104 c.c.) was added during 4 hours with vigorous stirring, the 
temperatuie being kept at 15—20° by external cooling. After being stirred for a further 16 hours the 
product was isolated by continuous ether extraction; it was acidic, and was therefore dissolved in 
aqueous sodium carbonate and again isolated by continuous extraction with ether. The material 
(15-2 g.), b. p. 683—65°/11 mm., m}9 1-4180, contained ca. 27% of ketone (estimated as the 2 : 4-dinitro- 
phenylhydrazone). 

(6) Dimethoxypropanol (24 g.) was dissolved in acetone (44 c.c.) and treated with a solution of 
chromic acid (14-9 g.) in dilute sulphuric acid (12 c.c. of concentrated acid in 44 c.c. of water), added 
duringe2 hours, the temperature being maintained at 0°. After being stirred for a further 3 hours, the 
acetone was removed under reduced pressure, and the aqueous solution was continuously extracted 
with ether. The extracts were dried (K,CO,) and yielded an oil (16-7 g.), b. p. 66°/15 mm., nj? 1-4192, 
which contained ca. 35% of ketone. 

Ethyl a-Cyano-B-methoxymethyl-y-methoxycrotonate.—Fractional distillation of the above alcohol- 
ketone mixtures gave a fraction (20-5 g.) containing ca. 40% of ketone. This was added to ammonium 
acetate (1-35 g.), ethyl cyanoacetate (9-9 g.), acetic acid (3-9 c.c.), and benzene (20 c.c.), and the mixture 
was heated under reflux, in a flask fitted with a Dean and Stark water-separator, in an oil-bath at 140° 
for 7 hours; 1-8 c.c. of water were collected during that period. The solution was then washed with 
water and evaporated to an oil, fractionation of which furnished ethyl a-cyano-B-methoxymethyl-y-methoxy- 
crotonate (6 g.), b. p. 90—91°/0-003 mm., nm}? 1-4590 (Found: C, 55-9; H, 7:0; N, 6:7. CyH,,0,N 
requires C, 56-3; H, 7:1; N, 6-6%). 

Hydrolysis of the Cyano-estery.—(a) The ester (1-5 g.) was heated on the steam-bath for 24 hours 
with 5Nn-hydrochloric acid (15 c.c.). Considerable charring occurred. The solution was filtered and 
extracted with ether; acidic products were taken up from the ether with aqueous sodium hydrogen 
carbonate, and the latter solution was then acidified and extracted with ether. Evaporation of these 
dried (Na,SO,) extracts gave a small yield of a semi-solid product which was drained on porous tile and 
crystallised from benzene-light petroleum in small prisms (0-06 g.), m. p. 110—111°. The substance 
was saturated towards permanganate and bromine water, and did not show any significant light 
absorption (Found: C, 45-7; H, 5-9. C,;H,O, requires C, 45-5; H, 6-1%). 

(b) The cyano-ester (1 g.) was warmed on the steam-bath with 5N-aqueous sodium hydroxide 
(4 c.c.). It dissolved rapidly, and after 4 minute the solution was cooled and acidified; addition of 
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eous 2 : 4-dinitrophenylhydrazine sulphate then gave a precipitate, indicating isomerisation to the 
py-unsaturated form. 


The authors thank Dr. E. A. Braude for the absorption-spectra data. 
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652. Olefinic Acids. Part VI. «-Bromo-y-methoxycrotonic Acid. 
By L. N. Owen and M. U. S. SULTANBAWaA. 


The cis- and trans-forms of a-bromo-y-methoxycrotonic acid have been synthesised from 
af-dibromo-y-methoxybutyric acid, the allocation of the stereochemical structures being based 
on relative melting points, methods of preparation, and absorption spectra. The bromo-acid 
shows high reactivity towards alkoxides; with methanolic sodium methoxide it undergoes 
addition (with elimination of hydrogen bromide) to give By-dimethoxycrotonic acid, and also a 
succession of prototropic and anionotropic changes which lead to the formation, after hydrolysis, 
of B-formylacrylic acid. Unlike a-bromocrotonic acid, it also undergoes addition reactions with 
toluene-w-thiol, thiolacetic acid, and diazomethane. The theoretical aspects of the increased 
reactivity, caused by the presence of the methoxy-group in the y-position, are briefly discussed. 

The formation of the lactone of er ae acid, by the action of alkali on 
afy-tribromobutyric acid, necessitates a revision of the classical formule for the a- and 
B-halogeno-crotonolactones, and of some related compounds. 


THE preparation of y-methoxycrotonic acid, and some of its properties, have been discussed in 
Part V (preceding paper). The a-bromo-derivative was required in order to compare its 
reactivity with that of other «8-unsaturated a-bromo-acids (Parts I—IV; Owen e¢ al., J., 1945, 
385; 1947, 1030; this vol., pp. 236, 3089). The addition of bromine to y-methoxycrotonic acid 
was very rapid in carbon disulphide, carbon tetrachloride, or chloroform, and in daylight there 
was considerable evolution of hydrogen bromide, suggesting the occurrence of simultaneous 
attack on the methoxy-group. When, however, the calculated amount of bromine was added 
to a cooled solution of the acid in carbon tetrachloride, light being excluded, a smoother reaction 
occurred, and af}-dibromo~y-methoxybutyric acid was formed. The yield of crystalline dibromide 
was ca. 70% on a small scale, but was much less when larger quantities were used; this dibromide 
was always accompanied by a liquid product, probably consisting largely of the stereoisomeric 
form. Even the pure solid dibromo-acid was rather unstable and evolved hydrogen bromide 
when kept for a few weeks. 

Elimination of hydrogen bromide from an «$-dibromo-acid can be effected by treatment 
either with alkali or with organic bases, and, when cis-trans-isomerism is possible in the product, 
the stereoisomer obtained may depend not only on the particular form of the dibromo-acid used, 
but also on the nature of the reagent. Thus the higher-melting stereoisomer of «$-dibromo- 
butyric acid gives mainly cis-x-bromocrotonic acid when aqueous alkali is used, whereas the 
lower-melting stereoisomer under these conditions gives a greater proportion of the trans-acid; 
with pyridine, on the other hand, the trans-acid is obtained irrespective of whether the higher- 
or lower-melting dibromide is used (James, J., 1910, 97, 1565; Pfeiffer, Ber., 1910, 48, 3042). 
The solid «f-dibromo~y-methoxybutyric acid reacted vigorously with dry pyridine to give 
trans-a-bromo~y-methoxycrotonic acid (I), m. p. 83—84°; the cis-isomer, m. p. 55°, was obtained 
by the use of cold aqueous sodium hydroxide. The allocation of trans- and cis-structures, 
suggested by the methods of preparation and by the relative melting points of the isomers, is 
supported by the absorption spectra, since the higher-melting form shows maximum absorption 
at a lower ‘wave-length than the acid of m. p. 55°, in conformity with the behaviour of the cis- 
and ¢vans-forms of a-chloro- and «-bromo-crotonic acid (see Table); furthermore, the intensity 
of the absorption is greater for the trans- than for the cis-compounds (cf. Koch, Chem. and Ind., 
1942, 273; Bowden, Braude, and Jones, J, 1946, 946; see also Part VII, following paper). 

The reactivity of «-bromo-acrylic, -crotonic, and -86-dimethylacrylic acid towards alkoxides 
has already been discussed in Part IV (loc. cit.). In comparison with «-bromocrotonic acid, 
«-bromo-y-methoxycrotonic acid would be expected to show enhanted reactivity, since the 
presence of the methoxy-group (—J property) should increase the mobility of the system and 
also, as with y-methoxycrotonic acid itself, favour the prototropic change into the Sy-unsaturated 
form (II). Furthermore, the methoxy-acid should show a greater ability to add nucleophilic 
teagents. In «-bromocrotonic acid the hyperconjugation of the methyl group with the double 
bond results in deactivation of the 8-carbon atom, so that addition is less easy than with «-bromo- 
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acrylic acid; but in «-bromo-y-methoxycrotonic acid the — I effect of the methoxy-group acts in 
opposition to the hyperconjugation of the remaining two hydrogen atoms, and the $-carbon atom 
is therefore deactivated to a smaller extent. Both the prototropic change and the addition 
reaction would result in the bromine atom ceasing to be attached to an ethylenic carbon atom; 
replacement or elimination could then be expected to occur. Comparative experiments showed 
that with aqueous alkali the halogen atom in (I) was completely liberated in 14 hours, the 
corresponding times for «-bromocrotonic and a-bromo-$$-dimethylacrylic acids being 2 and 
7 hours respectively. 


MeO-CH:CH-CHBr-CO,H —> (MeO),CH-CH:CH‘CO,H —»> CHO-CH:CH-CO,H 
(II.) (VI.) (VIL.) 


MeO-CH,°CH:CBr-CO,H 
(I.) 


MeO-CH,*CH(OMe)*CHBr-CO,H —> MeO-CH,*C(OMe):CH:CO,H —»> MeO-CH,'CO-CH,-CO,H 
(III.) (IV.) (V.) 


a-Bromo-y-methoxycrotonic acid reacted readily with methanolic sodium methoxide to give, 
together with much polymeric material, a small yield of a crystalline product which was shown, 
on the following evidence, to be fy-dimethoxycrotonic acid (IV). It showed a light-absorption 
maximum at 2320 a. and was therefore «$-unsaturated, whilst on treatment with 2: 4-dinitro- 
phenylhydrazine sulphate in dilute sulphuric acid it gave the 2: 4-dinitrophenylhydrazone of 
y-methoxyacetoacetic acid (V) ; this derivative was decarboxylated by heating it in ethyl acetate 
solution and gave the 2 : 4-dinitrophenylhydrazone of methoxyacetone, the isolation of which 
definitely established the position of the B-methoxy-group. This indicates the occurrence of the 
addition reaction, to give (III), followed by elimination of hydrogen bromide. 

The liquid portion from the sodium methoxide reaction was hydrolysed with sulphuric acid 
to convert enol ethers into keto-acids, and, preliminary tests having shown that the 2 : 4-dinitro- 
phenylhydrazones of these acids could not be effectively purified by chromatography, the acids 
were esterified with diazomethane and then treated with methanolic 2 : 4-dinitrophenylhydrazine 
sulphate. Chromatography of the derivatives on alumina gave the 2 : 4-dinitrophenylhydrazone 
of methyl $-formylacrylate. The formation of $-formylacrylic acid (VII) indicates that in the 
reaction of (I) with sodium methoxide an initial prototropic change to (II) is followed by 
replacement of bromine with anionotropic change, to give yy-dimethoxycrotonic acid (VI). In 
the reactions of a-bromocrotonic and «-bromo-$$-dimethylacrylic acid with alkoxides only the 
*‘ direct ’’ substitution products were observed, although the postulated intermediates were 
anionotropic systems (Part IV, loc. cit.). In the present instance, although the conditions were 
the same, the occurrence of anionotropic rearrangement suggests that a Syl mechanism must 
play at least some part in the reaction (cf. the reaction of «-bromo-8$-dimethylacrylic acid with 
aqueous alkali; Part IV, loc. cit.). This can be explained by the + T effect of the methoxy-group, 
which, coming into play in the Py-unsaturated structure (II), facilitates the ionisation of the 
bromine atom; the consequent formation of a free carbonium ion also accounts for the formation 
of the polymeric by-product. ; 

Interaction of the bromo-acid (I) with sodium ethoxide similarly gave a considerable amount 
of polymer, together with a little y-methoxy-B-ethoxycrotonic acid, the structure of which was 
proved in the same way as for the Sy-dimethoxy-compound. 

The ease of addition to «-bromo~y-methoxycrotonic acid, compared with «-bromocrotonic 
acid, was shown by its reactions with toluene-w-thiol, diazomethane, and thiolacetic acid. 
Subsequent elimination of hydrogen bromide occurred in the first two cases, and the products 

MeO-CH,*C==C-CO,Me 

MeO-CH,-C(S*CH,Ph):CH-CO,H Sn eee MeO-CH,CH(SAc)*CHBr-CO,H 


(VIII) 3 (X.) 
H,CH:CBr-CO 
CH,Br-CHBr-CHBr-CO,H 
(XI) (XII) 


were respectively -benzylthio~y-methoxycrotonic acid (VIII), methyl 4-methoxymethylpyrazole-3- 
carboxylate (IX), and «-bromo-8-acetylthio-y-methoxybutyric acid (X). Since in similar experiments 
with «-bromocrotonic acid no addition had been observed with any of these reagents (Part II, 
loc. cit.), the activating effect of the methoxy-group is very apparent. 
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Absorption spectra in alcohol were kindly determined by Dr. E. A. Braude and are recorded 
in the Table. 
Amex. A- maz. Aen. Ae 

cis-MeO-CH,°CH:CBr-CO,H_ ... 2370 5,500 MeO-CH,°CH(SAc)-CHBr-CO,H 2290 

2420* 5,100 cis-Me°-CH:CCl-CO,H 2 
trans- ” ” ” 2290 6,000 trans- ” ” 
MeO-CH,*C(OMe):CH-CO,H ... 2320 15,500  cis-Me-CH:CBr-CO,H 
MeO-CH,C(OEt):CH-CO,H 2320 17,000 ftrans- ,, 

2370* 16,500 
MeO-CH,’C(S‘CH,Ph):CH'CO,H 2680 6,500 


* Inflexion. 


” 


In an alternative approach to the synthesis of «-bromo-y-methoxycrotonic acid, an attempt 
was made to convert afy-tribromobutyric acid (XI) into wy-dibromocrotonic acid by treatment 
with two equivalents of alkali (i.e., one equivalent in excess of that required for neutralisation 
of the carboxyl group). Two bromine atoms, however, were removed by this treatment, and the 
product was a crystalline solid, C,H,O,Br, m. p. 59—60°, which showed a light-absorption 
maximum at 2210 a. (e 10,000). The remaining bromine atom must be the most stable of the 
three originally present in the tribromo-acid, and is clearly in the a-position; the compound, 
consequently, is the lactone (XII) of a-bromo-y-hydroxycrotonic acid. A compound of this 
structure, but of m. p. 77°, is described in the early literature, whereas an isomer, m. p. 58°, is 
said to be the 8-bromo-lactone (Beilstein, ‘‘ Handbuch,” 4th edn., 17, 250). It is therefore 
necessary to consider the evidence on which the older structures for these lactones were based. 

The so-called «-bromo-lactone was prepared by several methods, but with one exception they 
throw no light on the structure of the product. This exception, the addition of aqueous hydro- 
bromic acid to y-hydroxytetrolic acid (Lespieau and Vignier, Compt. rend., 1909, 148, 241), 
would be expected on modern views to yield not the a- but the 8-bromo-lactone; tetrolic acid 
itself under these conditions gives 6-bromocrotonic acid (Michael and Shadinger, J. Org. Chem., 
1939, 4, 128), and the presence of the hydroxyl group in the y-position would not be expected to 
reverse the direction of the addition. 

The so-called 6-bromo-lactone was obtained, apart from non-definitive methods, by the 
action of concentrated aqueous hydrobromic acid on “ 3 : 5-dibromofuran-2-carboxylic acid ”’ 
(Hill and Cornelison, Amer. Chem. J., 1894, 16, 188, 277). According to Gilman, Vanderwal, 
Franz, and Brown (J. Amer. Chem. Soc., 1935, 57, 1146) the latter acid is actually 3 : 4-dibromo- 
furan-2-carboxylic acid, and similar revisions of structure apply also to certain other halogen 
derivatives of furan-2-carboxylic acid; it follows that the structures allocated to the bromo- 
lactones should be interchanged (cf. also Vanderwal, Iowa State Coll. J. Sci., 1936, 11, 128). 

These revisions imply also that similar corrections should be applied to the lactones of the 
following substituted y-hydroxycrotonic acids: a-chloro-, 6-chloro-, a-anilino-, #-bromo-a- 
anilino-, §-chloro-x-iodo-, and §-bromo-a-iodo-. It follows also that ‘“‘ «$$-tribromo- 
butyrolactone ”’ is actually the a«8-compound. 


EXPERIMENTAL, 


(Light petroleum, unless otherwise stated, was the fraction, b. p. 40—60°.) 

aB-Dibromo-y-methoxybutyric Acid.—A solution of bromine (0-55 c.c.) in carbon tetrachloride (5 c.c.) 
was added to y-methoxycrotonic acid (1-2 g.) in carbon tetrachloride (2-5 c.c.). After 8 days at 0°, 
colourless crystals (2 g.) of aB-dibromo-y-methoxybutyric acid had separated ; these formed prisms (1-7 g.), 
m. p. 79—80° [from light petroleum (b. p. 60—80°)], which slowly evolved hydrogen bromide when kept 
at room temperature (Found: C, 22:3; H, 3-1; Br, 56-75. C,H,O,Br, requires C, 21-75; H, 2-9; 
Br, 57-9%). On a larger scale the yield was lower (58 g. of crude dibromide from 70 g. of y-methoxy- 
crotonic acid), and recrystallisation of quantities more than 2—3 g. at a time resulted in considerable 
loss. Evaporation of the original carbon tetrachloride mother-liquors under reduced pressure gave a 
yellow oil probably containing the stereoisomer (see below). 

trans-a-Bromo-y-methoxycrotonic Acid.—The dibromo-acid (32 g.) was dissolved in dry pyridine 
(120 c.c.) and heated on the steam-bath for 1 hour. The cooled solution was then poured into an excess 
of 25% sulphuric acid and extracted with ether; removal of the solvent gave a solid residue (12-5 g.), 
a further small quantity being obtained by continuous ether-extraction of thesolution. trans-a-Bromo-y- 
methoxycrotonic acid crystallised from light petroleum (b. p. 60—80°) in long needles, m. p. 82-5—84° 
(Found : C, 30-9; H,3-9; Br, 40-7. C,H,O,BrrequiresC, 30-8; H,3-6; Br,41-0%). Light absorption : 
see Table. The same product was obtained by treatment, with pyridine, of the liquid residues from the 
preparation of the dibromo-acid (see above). 

cis-a-Bromo-y-methoxycrotonic Acid.—The crude —_ dibromo-acid (4-5 g.) was dissolved, with 
cooling, in N-sodium hydroxide (35 c.c.), set aside for 24 hours, and then acidified with sulphuric acid. 
Ether extraction gave a pasty solid (1-7 g.), which on crystallisation from light petroleum gave cubes of 
cis-a-bromo-y-methoxycrotonic acid, m. p. 55° (Found: C, 30-9; H, 3-7; Br, 40-9. C,;H,O,Br requires 
C, 30-8; H, 3-6; Br, 41-0%). Light absorption: see Table. 





3108 Owen and Sultanbawa: Olefinic Acids. Part VI. 


Action of Sodium Methoxide on a-Bromo-y-methoxycrotonic Acid.—The trans-acid (4-95 g.) in methanol 
(25 c.c.) was treated with 4-3n-methanolic sodium methoxide (17-8 c.c.) and heated under reflux for 
14 hours. Most of the methanol was then removed under reduced pressure, and the residue was dissolved 
in water, acidified with sulphuric acid, and immediately extracted with ether. The dried (Na,SO,) 
extracts gave an oil (2-7 g.), which on distillation gave 1-0 g., b. p. 110°/0-001 mm., the remainder bein: 
resinous. The distillate partly crystallised. The solid (0-3 g.) was collected, and on crystallisation from 
carbon tetrachloride gave needles, m. p. 111°, of By-dimethoxycrotonic acid (Found: C, 49-5; H, 7-15 
C,H O, requires C, 49-3; H, 69%). Light absorption: see Table. On treatment with 2 : 4-dinitro- 
phenylhydrazine in dilute sulphuric acid it gave the 2 : 4-dinitrophenylhydrazone of y-methoxyacetoacetic 
acid, which formed needles, m. p. 149—150°, from ethyl acetate-ether (Found: C, 43-2; H, 4-25; N 
18-7. C,,H,,0,N, requires C, 42-3; H, 3-9; N, 179%). Difficulty was experienced in the purification 
of this derivative owing to its ready decarboxylation; when heated under reflux in ethyl acetate solution 
for several hours it gave the 2 : 4-dinitrophenylhydrazone of methoxyacetone, m. p. and mixed m. p, 
160—162°. 

In a subsequent experiment, carried out under essentially the same conditions, except for a shorter 
reaction time (1 hour), a different solid was obtained, which crystallised from eoutene-tekt petroleum in 
prisms, m. p. 148—154° (Found: C, 50-45; H, 4:6. C,H,O, requires C, 50-5; H, 4-7%). Light 
absorption: Max., 2700 4.; e¢ = 13,000 in alcohol. On treatment with aqueous 2: 4-dinitrophenyl- 
hydrazine sulphate this gave a 2 : 4-dinitrophenylhydrazone, red prisms, m. p. 171—174°, from methanol 
(Found: C, 45-4; H, 3-75; N, 13-95. C,,H,,O,N, requires C, 45-7; H, 3-6; N, 14-2%). Light 
absorption : Max., 2640 and 3980 a.; ¢ = 18,500 and 31,000 respectively, in chloroform. The analyses 
and light absorptions agree with a structure such as 2-keto-5-methoxycyclohex-3-en-1 : 4-dicarboxylic 
acid, which might be formed by intermolecular elimination of hydrogen bromide from two molecules of 
bromo-acid, followed by rearrangement and ketonisation, but the amount of product was insufficient for 
further study. 

The liquid portions from the main reaction products were combined and heated with 2N-sulphuric acid 
for } hour at 100°. The cooled solution on extraction with ether gave an acid oil, which was converted 
into the methyl ester by treatment with diazomethane, and thence into the 2 : 4-dinitrophenylhydrazone 
with methanolic 2 : 4-dinitrophenylhydrazine sulphate. The derivative was dissolved in ethyl acetate 
and then adsorbed on a column of alumina; on development with ethyl acetate, a main yellow band 
appeared. The material recovered by ethy] acetate extraction of this band was taken up in benzene and 
transferred to another column of alumina. Development with benzene gave a small yellow band, which 
gave an oily product, and a main orange band, which was subsequently divided into 4parts. The first of 
the orange bands gave a trace of material which crystallised from ethyl acetate—light petroleum in orange 
prisms, m. p. 171—173°, insufficient for analysis. The second gave the 2: 4-dinitrophenylhydrazone of 
methyl 8-formylacrylate, which crystallised from ethyl] acetate in stout orange needles, m. p. 199—200° 
(Found: C, 45-5; H, 3-65; N, 19-0. C,,H O,N, requires C, 44-9; H, 3-4; N, 19-05%). Light 
absorption: Max., 3680 4.; © = 34,000. Infl. 3750 a.; ¢ = 31,500. The remaining two bands gave 
only a small amount of impure material. 

Action of Sodium Ethoxide on a-Bromo-y-methoxycrotonic Acid.—On the addition of 2-7N-ethanolic 
sodium ethoxide (11-1 c.c.) to a solution of the bromo-acid (1-95 g.) in ethanol (4 c.c.), a precipitate of the 
sodium salt appeared, which persisted after 15 minutes’ heating on the steam-bath but was brought into 
solution by the addition of more ethanol (5 c.c.). The solution was heated under reflux for a further 
20 minutes and then evaporated under reduced pressure. The residue was dissolved in water, acidified, 
and extracted with ether. Evaporation of the dried (Na,SO,) extracts gave an oil (1-1 g.) which deposited 
some solid (0-075 g.) after a few days. Recrystallisation from light petroleum gave colourless plates of 
y-methoxy-B-ethoxycrotonic acid, m. p. 93° (Found : C, 52-7; H,7-5. C,H,,0, requires C, 52-5; H, 7-55%). 
Light absorption: see Table. On treatment with aqueous 2: 4-dinitrophenylhydrazine sulphate, as for 
the dimethoxy-analogue, the 2 : 4-dinitrophenylhydrazone of methoxy-acetone, m. p. and mixed m. p. 
163—164°, was obtained. 

Addition Reactions of a-Bromo-y-methoxycrotonic Acid.—(a) With toluene-w-thiol. The bromo-acid 
(1 g.) was heated with toluene-w-thiol (1 g.) and pyridine (1 c.c.) for 14 hours on the steam-bath. The 
product was dissolved in excess of sodium hydrogen carbonate solution and extracted with ether, these 
extracts being rejected. After acidification, the solution was again extracted with ether, to yield a 
yellow viscous oil (0-44 g.), which on distillation gave a lower-boiling fraction, containing some 
unchanged bromo-acid, and a main fraction, b. p. 210° (bath temp.) /0-0004 mm., which partly solidified. 
The crystals were drained on porous tile and recrystallised from light petroleum in leaflets of B-benzylthio- 
y-methoxycrotonic acid, m. p. 67° (Found: C, 60:7; H, 6-1. C,,H,,0,S requires C, 60-5; H, 5-9%). 
Light absorption : see Table. 

(b) With thiolacetic acid. The bromo-acid (0-4 g.) was dissolved in thiolacetic acid (1 c.c.) and set 
aside for2 months. Excess of thiolacetic acid was then removed under reduced pressure, and the residual 
oil was distilled at 100° (bath temp.) /0-0001 mm., to give a-bromo-B-acetylthio-y-methoxybutyric acid asa 
deep yellow viscous liquid, n}§ 1-5248 (Found: C, 30-5; H, 4-6. C,H,,O,SBr requires C, 31-0; H, 
41%). Light absorption: see Table. 

(c) With diazomethane. The bromo-acid (1 g.) in dry ether (10 c.c.) was treated with 2 equivalents 
of ethereal diazomethane and set aside in the dark for 5 days. Removal of solvent gave a deep yellow 
viscous oil (1-34 g.) which spontaneously lost hydrogen bromide on drying im vacuo at ordinary 
temperature, and left a semi-solid residue, crystallisation of which from alcohol, and then from water, 
gave needles of methyl 4-methoxymethylpyrazole-3-carboxylate (0-2 g.), m. p. 153° (Found : C, 49-7; H, 5-9; 
N, 16-5. C,H O3N, He wm C, 49-4; H, 5-9; N, 16-5%). 

Methyl aBy-Tribromobutyrate.—A solution of methy] y-bromocrotonate (33 g.) and bromine (11 c.c.) in 
carbon tetrachloride (50 c.c.) was set aside for 2 weeks and then exposed to ultra-violet light for 2 hours. 
Removal of the solvent, and fractionation, gave methyl aBy-tribromobutyrate (42 g.), b. p. 110—111°/4 mm., 
ni? 1-5531 (Found: Br, 70-6. C,H,O,Br, requires Br, 70-8%). 

aBy-Tribromobutyric Acid.—y-Bromocrotonic acid (2-65 g.) was dissolved in carbon tetrachloride 
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(20 c.c.) in a silica tube; bromine (1 c.c.) was added, and the solution was exposed to ultra-violet light 
for 20 minutes. The tribromo-acid (3-6 g.), crystallising in plates from light petroleum (b. p. 100—120°), 
had m. p. 130—131° (Rambaud, Bull. Soc. chim., 1934, [v], 1, 1342, gives m. p. 132°). 

Action of Alkali on the Tribromo-acid.—aBy-Tribromobutyric acid (1-1 g.) was dissolved in 50% 
aqueous methanol (10 c.c.), treated with 0-78N-aqueous potassium hydroxide (8-5 c.c., 2 equivs.) and set 
aside for 5 days. Methanol was then removed under reduced pressure, and the remaining aqueous 
solution was extracted with ether to yield an oil which ly crystallised. The lactone of a-bromo-y- 
hydroxycrotonic acid was drained on porous tile and crystallised from light petroleum (b. p. 100—120°) in 
needles, m. p. 58-5—60° (Found: C, 30-1; H, 2:1; Br, 48-9. C,H,O,Br requires C, 29-55; H, 1-9; Br, 
49:15%). Light absorption: Max., 22104.; e¢ = 10,000. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. KENsINGTON, Lonpon, S.W.7. (Received, July 6th, 1949.] 





653. Olefinic Acids. Part VII. The Addition of Thiols to 
Propiolic and Acetylenedicarboxylic Acid. 


By L. N. Owen and M. U, S. ‘SULTANBAWA. 


The addition of toluene-w-thiol to propiolic acid has been studied under a variety of 
conditions; three main products are obtained, viz., cis-, trans-, and (cis- + trans-)8-benzylthio- 
acrylic acid, each of which on hydrogenation yields B-benzylthiopropionic acid, whilst oxidation 
gives B-benzylsulphinyl- and then f-benzylsulphonyl-acrylic acid. With thiolacetic acid, 
propiolic acid forms cis- and trans-f-acetylthioacrylic acid; the cis- and trans-methyl esters, 
a by the diadduct, methyl af8-bisacetylthiopropionate, are similarly obtained from 
methyl propiolate. With 2 mols. of thiolacetic acid, acetylenedicarboxylic acid gives a good 
yield of the diadduct, aa’-bisacetylthiosuccinic acid, hydrolysed to aa’-dimercaptosuccinic acid 
(‘‘ dithiotartaric acid’’); from methyl acetylenedicarboxylate, both the meso- and the pL-form of 
methyl aa’-bisacetylthiosuccinate have been isolated. In the formation of the diadducts, the 
addition of the second molecule of thiol therefore takes place in an “‘ abnormal ’”’ direction. 


In Part II (Owen and Somade, J., 1947, 1030) it was shown that a-bromoacrylic acid reacted 
with toluene-w-thiol in pyridine to give $-benzylthioacrylic acid, and with thiolacetic acid to 
give «-bromo-$-acetylthiopropionic acid. Similar reactions were also carried out by Owen and 
Sultanbawa on a-bromo-y-methoxycrotonic acid (Part VI, preceding paper). The formation 
of 8-benzylthioacrylic acid clearly involves the addition of toluene-w-thiol, followed by elimin- 
ation of hydrogen bromide, though the structure was not proved. In order to prepare further 
quantities of this compound, and to investigate the possible existence of cis- and trans-isomers, 
the addition of toluene-w-thiol to propiolic acid was explored as a possible alternative route. 
There have been few investigations on the addition of thiols to acetylenic compounds. 
Ruhemann and Stapleton (J., 1900, 77, 1179) by the addition of sodium thiophenoxide to ethyl 
phenylpropiolate obtained a mono-adduct (I), and by a similar addition to ethyl acetylenedi- 
carboxylate they prepared a mono- (II) and a di-adduct (III); the structure of (III) was not 


PhS-CPh:CH-CO,Et CO,Et-C(SPh):CH-CO,Et CO,Et-C(SPh),°CH,-CO,Et 
(I.) (II.) (III.) 


proved and the di-adduct may well have been the a«’-bisphenylthiosuccinic ester, particularly 
in view of the known tendency for an “ abnormal” direction of addition of thiols to olefins. 
The remaining publications on this subject have concerned the addition of thiols to acetylenic 
hydrocarbons (Carothers, J. Amer. Chem. Soc., 1933, 55, 2008; Kohler and Potter, ibid., 1935, 
57, 1316; Bader, Cross, Heilbron, and Jones, this vol., p. 619; B.I.0.S., F.D. 3781/45), 
acetylenic ketones (Ruhemann, J., 1905, 87, 467; Bowden, Braude and Jones, J., 1946, 946), 
and acetylenic ethers (Bader et al., loc. cit.). 

The addition of toluene-w-thiol to propiolic acid (IV) can theoretically yield three possible 
mono-adducts, the a- (V), and the cis- and trans-B-compounds (VI). Preliminary experiments, 
in the presence of various catalysts, appeared to indicate that three different crystalline mono- 
adducts were in fact formed, but subsequent investigation proved that these were cis- (VI), 
the trans- (VI), and the cis- + trans-compound (VI); no evidence has been obtained of the 
formation of the a-compound (V). With molar proportions of acid and thiol, a liquid by-product 
was usually formed, probably containing a di-adduct, but this was not examined. The yield 
of mono-adduct, based on thiol, was generally improved by the use of an excess of propiolic acid. 

The use of peroxide catalysts favoured the formation of cis- (VI). Thus, on heating the 
Teactants with 3% of benzoyl peroxide the resulting mixture yielded some pure cis-8-benzylthio- 
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acrylic acid, m. p. 144—145°. When, however, 5% of ascaridole was used as catalyst, this 
isomer formed the major part of the reaction product. In the presence of a small amount 


HC:C-‘CO,H —»> CH,Ph‘S‘CH:CH-CO,H —-> CH,Ph-S-CH,-CH,-CO,H 
(IV.) (VI.) (VIL.) 


| 


CH,:C(S‘CH,Ph)‘CO,H CH,Ph-SO-CH:CH:CO,H —» CH,Ph‘SO,-CH:CH-CO,H 
(V.) (VIII.) (IX.) 


of sulphuric acid, a preponderance of the trans-$-benzylthioacrylic acid, m. p. 162—163°, was 
formed, identical with the compound of similar m. p. described in Part II (loc. cit.). With only 
a trace of sulphuric acid, the product consisted mainly of the cis—trans-mixture, m. p. ca. 126— 
127°, which could not be effectively separated by crystallisation and was at first mistaken for a 
third isomer. It was, however, smoothly converted into the trans-acid by heating it alone, or 
preferably in acetic acid with a trace of hydrogen chloride; a similar conversion was carried out 
on the pure cis-acid. The choice of the acid, m. p. 144—145°, rather than of that, m. p. 126— 
127°, as the individual stereoisomer follows from the observation that the m. p. of the former 
was depressed to that of the latter when mixed with an equal weight of the pure trans-acid; this 
is confirmed by the absorption spectra, the data for the acid of m. p. 126—127° being intermediate 
between those of the other two (see Table). 

Conclusive proof that the three crystalline acids were all B-substituted compounds was 
afforded by hydrogenation in the presence of a large amount of palladium—charcoal (cf. Mozingo 
et al., J. Amer. Chem. Soc., 1945, 67, 2092); each gave B-benzylthiopropionic acid (VII), identical 
with a synthetic sample prepared by the method of Schénberg and Iskander (J., 1942, 90), and 
different from «-benzylthiopropionic acid synthesised from the potassium salt of toluene-w-thiol 
and sodium a-bromopropionate. 

Oxidation of 8-benzylthioacrylic acid (VI) with hydrogen peroxide gave B-benzylsulphinyl- 
(VIII) and 6-benzylsulphonyl-acrylic acid (IX). 

The only published work on the addition of thiolacetic acid to acetylenic compounds is that 
of Bader et al. (loc. cit.), who obtained mono- and di-adducts; the latter were shown to be vicinal 
bisacetylthio-compounds, the addition of the second molecule of thiolacetic acid having pro- 
ceeded ‘‘ abnormally.” The addition to acetylenic acids was not described. In view of the 
successful results, outlined above, on the addition of toluene-w-thiol to propiolic acid, the reaction 
of this acid with thiolacetic acid has now been investigated. The cis- (m. p. 118°5—120°) and 
the trans- (m. p. 149—150°) form of §-(acetylthio)acrylic acid were obtained, together with a 
liquid product which probably contained the di-adduct. The reaction proceeded more smoothly 
with methyl propiolate to give methyl cis- (m. p. 58°) and trans- (m. p. 84°5°) B-acetylthioacrylate 
(X) and methyl] «$-bisacetylthiopropionate (XI). 


CHiC-CO,Me —> AcS-CH:CH-CO,Me — >» AcS-CH,-CH(SAc)-CO,Me 
(X.) (XI.) 


The ready formation of the vicinal di-adduct (XI), by ‘“‘ abnormal ” addition, suggested the 
possibility of preparing an analogous compound from acetylenedicarboxylic acid or its ester. 
When this acid was treated with 2 mols. of thiolacetic acid, in ethyl acetate, a solid product 
gradually separated. This was aa’-bisacetylthiosuccinic acid (XII), which appeared to be a 
mixture of two forms (presumably meso- and DL-) but as separation was not readily achieved the 


CO,H-C:iC-CO,H —> CO,H-CH(SAc)-CH(SAc)*CO,H —> CO,H-CH(SH)-CH(SH)-CO,H 
(XII) (XIII.) 


CO,Me-CH(SAc)*CH(SAc)*CO,Me 
(XIV.) 


material was hydrolysed with aqueous hydrochloric acid to the dithiol, aa’-dimercaptosuccinic 
acid (XIII). The preparation of this substance was of interest, since in the course of the investig- 
ations on the synthesis of dithiols as anti-arsenicals (inter al., Evans, Fraser, and Owen, this 
vol., p. 248), unsuccessful attempts had been made to obtain it by replacement reactions on 
aax’-dihalogenosuccinic acids and esters. 

From the reaction of methyl acetylenedicarboxylate with thiolacetic acid, methyl aa’- 
bisacetylthiosuccinate (XIV) was obtained in meso- and pt-forms, though individual allocation 
of stereochemical structures was not possible. 
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¢is-CH,Ph’S*CH:CH’CO,H cis-AcS*CH:CH:CO,H 
trans- ” ” ty ‘ans- ” ” 

cis- + trans- op 

CH,Ph-SO-CH:CH-CO,H 


CH,Ph-SO,°CH:CH-CO,H 

€0,H-CH(SAc)*CH(SAc)-CO,H ... 

C0,Me-CH(SAc)*CH(SAc)*CO,Me, 
m. p. 119-5—120-5° 

(0,Me-CH(SAc)*CH(SAc)*CO,Me, 
m. p. 71—72° 


Light-absorption data in alcohol, determined by Dr. E. A. Braude, are recorded in the Table; 
the allocations of the cis- and trans-structures to the stereoisomeric pairs, on the basis of relative 
melting points, are supported by these values, since the cis-compounds show maximum 
absorption at longer wave-lengths than their ‘vans-isomers (cf. Part VI, loc. cit.). 


EXPERIMENTAL. 
(Light petroleum, unless otherwise stated, was the fraction of b. p. 40—60°.) 


Propiolic Acid.—Hydrated ferric nitrate (2 g.) and sodium (3-5 g.) were added to liquid ammonia 
(1:5 1.), followed, after 5 minutes, by more sodium (42-5 g)- A rapid stream of acetylene was passed 
through the gt tome solution until the colour became black. Ether (500 c.c.) was added, and the 
ammonia was allowed to evaporate off, more ether being added as required. The ethereal suspension 
of sodium acetylide was transferred to an autoclave, together with an excess of solid carbon dioxide, 
and stirred for 72 hours; the pressure, which initially rose to 25 atm., had then fallen to 20 atm. The 
product was then acidified with 5n-sulphuric acid, then saturated with sodium sulphate, and continuously 
extracted with ether, to yield 75 & of propiolic acid, b. p. 80—88°/50 mm. 

Addition of Toluene-w-thiol to Propiolic Acid.—(a) A mixture of propiolic acid (0-7 g.), toluene-w-thiol 
(0-63 g.), and benzoyl peroxide (0-02 g.) (acid : thiol = 2: 1) was heated at 80° for 45 minutes, whereupon 
it partly solidified. After draining on porous tile, the solid (0-68 g., 50% based on thiol) was extracted 
with hot carbon tetrachloride; the insoluble portion crystallised from benzene in plates (0-1 g.) and was 
the cis-monoadduct, m. p. 139—145°, obtained in a purer form in a later experiment. The carbon 
tetrachloride extracts deposited needles (0-26 g.), m. p. 126—127°, of the cis- + tvans-forms (see below). 
The yields of crude solid under identical conditions, with the same amounts of acid and catalyst, but 
with acid : thiol ratios of 1: 1 and 1 : 2, were 55 and 35% respectively. 

(b) A mixture of propiolic acid (4-2 g.), toluene-w-thiol (7-4 g.), and ascaridole (0-2 g.) (acid : thiol = 
1:1) was heated under reflux for 14 hours on the steam-bath. The solid (5-45 g., 47%) obtained by 
draining the product on porous tile gave, on recrystallisation from carbon tetrachloride, long needles 
(3-5 g.) of cis-B-benzylthioacrylic acid, m. p. 144—145° (Found: C, 61-9; H, 5-2; S, 16-0. Cj, 9H,,.0,S 
requires C, 61-8; H, 5-2; S, 165%). Light absorption: see Table. The mother-liquors gave 0-6 g. 
of the cis- + trans-material, m. p. 125—126°. 

(c) A mixture of propiolic acid (0-7 g.), toluene-w-thiol (0-63 g.), and sulphuric acid (0-02 g.) (acid : 
thiol = 2: 1) was set aside for 3 days. The pasty material so obtained was drained on porous tile, and 
the crude solid (0-96 g., 97%) was recrystallised from a large volume of hot carbon tetrachloride, to give 
needles, m. p. ca. 155—160°, raised to 158—164° (0-29 g.) on washing with hot carbon tetrachloride; 
recrystallisation from benzene then gave trans-B-benzylthioacrylic acid, m. Fs 162—163°, undepressed 
on admixture with the specimen obtained by Owen and Somade (loc. cit.) (Found: S, 16-7. Calc. for 
CywH,»O,S: S, 16-5%). Light absorption: see Table. The carbon tetrachloride mother-liquors 
deposited 0-12 g. of material, m. p. 126—133°. With an acid: thiol ratio of 1:1, the yield of crude 
product was reduced to 48%. 

(d) Propiolic acid (0-7 g.) was mixed with toluene-w-thiol (0-62 g.) (acid : thiol = 2: 1) and a trace 
‘ca. 2 mg.) of sulphuric acid was added. After a few days, the solid (0-77 g., 80%) was separated and 
crystallised from carbon tetrachloride in needles of the cis- + trans-form, m. p. 125—127°, unaltered on 
repeated crystallisation (Found: C, 61-3; H, 5-3; S, 16-5. C,)H,.0,S requires C, 61-8; H, 5-2; S, 
165%). Light absorption, see Table. With 1:1 and 1:2 ratios of acid : thiol the products after 
recrystallisation also had m. p. 125—127°, though the yields were only 29 and 19% respectively. With 
an 8:1 ratio, however, the product (yield, 79%) gave needles, m. p. 1 153°, which evidently contained 
a higher proportion of the tvans-form. 

(e) A mixture of propiolic acid (0-8 g.), toluene-w-thiol (0-66 g.) (acid : thiol = 2: 1), and 4n-sulphuric 
acid (0-01 c.c.) was set aside for 3 days at room temperature. The solid (0-74 g., 72%) was collected and 
crystallised from carbon tetrachloride in needles of the cis- + tvans-form, m. p. 126—127°. A small 
less-soluble fraction was recrystallised from benzene and formed plates of the cis-form, m. p. 144°. With 
an acid : thiol ratio of 1 : 1 the crude yield was 18%. 

Conversion of cis- into trans-Acid.—(a) The cts- + trans-mixture, m. p. 126—127° (0-1 g.), was 
_ at 150° for 4 hour; two recrystallisations from benzene gave the trans-acid, m. p. and mixed m. p. 

(6) The cis- + trans-acid (1 g.), in acetic acid (5 c.c.) containing a trace of hydrogen chloride, was 
heated on the steam-bath for 6 hours. The product was precipitated by the addition of water and on 
gt pare from benzene gave the trans-acid, m. p. 155—157°, raised on further recrystallisation 

—163°. 

(c) The pure cis-acid (0-15 g.), on similar treatment with hydrogen chloride in acetic acid for 4 hours 

at 100°, gave the trvans-acid, m. p. 164—165°. 
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a-Benzylthiopropionic Acid.—A solution of a-bromopropionic acid (1-5 g.) in alcohol (10 c.c.) was 
added to a solution of toluene-w-thiol (2-5 g.) and potassium hydroxide (1-1 g.) in alcohol (20 C.c.) 
Separation of sodium bromide began immediately, and after the mixture had been heated on the steam. 
bath for 15 minutes the solvent was evaporated, and the residue dissolved in sodium hydrogen carbonate 
solution and extracted with ether, these extracts being rejected. The aqueous solution was then acidified 
and extracted with ether to yield a solid residue of a-benzylthiopropionic acid, which formed large prisms 
m. p. 78—79°, from light petroleum (b. p. 60—80°) (Found: C, 61-3; H, 5-9. C,9H,,0,S requires C. 
61-2; H, 6-15%). . 

Hydrogenation of the B-Benzylthioacrylic Acids.—(a) The cis- + trans-acid (0-1 g.) in methanol (50 
c.c.) was hydrogenated at ordinary temperature and pressure, in the presence of 10% palladium- 
charcoal (2-6 g.) (cf. Mozingo e¢ al., loc. cit.). Absorption ceased after 40 minutes, and the filtered solu- 
tion was evaporated to a solid; extraction with light petroleum left a small residue, m. p. 140—157° 

ssibly unchanged starting material (if this is so, the cis-form would appear to be preferentially 
fdvegunated’ Concentration of the light petroleum extracts gave leaflets (0-03 g.) of B-benzylthio- 
propionic acid, m. p. 81—83°, undepressed on admixture with an authentic sample prepared by the 
method of Schénberg and Iskander (/., 1942, 90) but showing a large depression on admixture with the 
a-isomer. The low recovery must be attributed to extensive loss by adsorption on the large amount 
of catalyst necessary for the reduction. 

(b) The pure cis-acid (0-15 g.) was similarly treated in methanol (75 c.c.) in the presence of the 
catalyst (4 g.). Extraction of the product with light petroleum gave 0-045 g. of -benzylthiopropionic 
acid, m. p. and mixed m. p. 81—82°. 

(c) The ¢rans-acid (0-15 g.) similarly gave 0-015 g., m. p. and mixed m. p. 81—82°. The exceptionally 
low yield again aa that the tvans-acid is hydrogenated less readily. 

Oxidation of B-Benzylthioacrylic Acid.—(a) The cts- + trans-acid (0-2 g.) was dissolved in acetic acid 
(3 c.c.) and mixed with 30% hydrogen peroxide (0-8 c.c.). A white precipitate rapidly formed. After 
12 hours it was collected and crystallised from methanol, to give large prisms of B-benzylsulphinylacrylic 
acid, m. p. 164° (Found: S, 15-2. Cy, 9H,.O;S requires S, 15-25%). Light absorption :.see Table. The 
mother-liquor, on dilution with water and extraction with ether, gave flakes of the sulphone (described 
below), m. p. 192—194°. 

(b) The acid (0-5 g.) in acetic acid (7 c.c.) was treated with 30% hydrogen peroxide (1-2 c.c.). The 
precipitate gradually redissolved, and after 3 days had disappeared. Water (15 c.c.) was added, and on 
cooling in ice the B-benzylsulphonylacrylic acid (0-17 g.) separated, m. p. 193—-194° after recrystallisation 
from aqueous methanol (Found: C, 53-5; H, 4:5; S, 141. C,,H,,O,S requires C, 53-1; H, 4-45; S, 
14:2%). Light absorption: see Table. The same sulphoxide and sulphone were obtained from both 
the cis- and the trans-form of B-benzylthioacrylic acid. 

Addition of Thiolacetic Acid to Propiolic Acid.—A mixture of propiolic acid (0-7 g.) and thiolacetic 
acid (1°9 g.) was set aside for 2 weeks, and the excess of thiolacetic acid was then removed under reduced 
pressure. The residue (2-1 g.) contained a small amount of solid, which was collected and crystallised 
from light petroleum (b. p. 80—100°) in small prisms of trans-B-acetylthioacrylic acid (0-03 g.), m. p. 
149—150° (Found: C, 41-0; H, 4:2; S, 21-6. C,;H,O,S requires C, 41-1; H, 4-15; S, 219%). Light 
absorption : see Table. The liquid portion was distilled at 120° (bath temp.) /0-0001 mm., and deposited 
some solid; recrystallisation from light petroleum (b. p. 80—100°) gave cis-B-acetylthioacrylic acid, m. p. 
118-5—120° (Found : C, 41-0; H, 4-5; S, 21-5. C,;H,O,S requires C, 41-1; H, 4:15; S, 21-9%). Light 
absorption : see Table. 

Addition of Thiolacetic Acid to Methyl Propiolate——A mixture of methyl] propiolate (6-4 g.) and thiol- 
acetic acid (13-8 g.) was set aside for a week and then heated on the steam-bath for 1 hour. Removal 
of excess thiolacetic acid under reduced pressure, and fractionation of the residue gave (i) 1-0 g., b. p. 
62—65° /0-4 mm., and (ii) 9-5 g. at 120° (air bath temp.)/0-4mm. The first fraction solidified completely 
and on recrystallisation from ethanol gave large prisms of methyl Neg oe agg m. p. 58—58-5° 
(Found: C, 44-9; H, 4-9. C,H,O,S requires C, 45-0; H, 5-0%). Light absorption: see Table. The 
second fraction, a deep-red liquid, deposited 2-2 g. of a colourless solid, which on recrystallisation from 
alcohol furnished the trans-isomer, m. p. 84-5° (Found: C, 45-1; H, 4:65; S, 19-4. C,H,O,S requires 
C, 45-0; H, 5-0; S, 200%). Light absorption: see Table. Refractionation of the liquid portion of 
(ii) gave a further quantity of this mono-adduct, b. p. 73°/0-5 mm., followed by methyl af-bisacetylthio- 
propionate (3-1 g.), b. p. 83—84°/0-001 mm., n# 1-5201 (light absorption: see Table); the latter was 
converted into methyl af-dimercaptopropionate, b. p. 52°/0-5 mm., n?# 1-5192, by treatment with 1% 
methanolic hydrogen chloride at room temperature for 3 days [Found: S(H), 40-25. Calc. for CgH,O,S,: 
S(H), 42-15%] (Pavlic, U.S.P. 2,408,094, gives b. p. 54°/0-5 mm., n} 1-5251). 

Addition of Thiolacetic Acid to Acetylenedicarboxylic Acid.—A solution of acetylenedicarboxylic acid 
(5-8 g.) and thiolacetic acid (7-6 g.) in ethyl acetate (15 c.c.) was set aside for 8 days. The colourless 
solid (8-95 g.), which had then appeared, was collected and recrystallised from acetone to give small 
prisms of aa’-bisacetylthiosuccinic acid, m. p. 171—173° (Found: C, 36-2; H, 3-9; S, 23-45. CgH 0,5, 
requires C, 36-1; H, 3-8; S, 24-1%). Light absorption: see Table. This material (3 g.) was heated 
under reflux for 1 hour with 1% aqueous hydrochloric acid (25 c.c.) under nitrogen. On cooling, a pale 
yellow solid (1 g.) was obtained, and a further small quantity was isolated by ether extraction. 
Recrystallisation from aqueous methanol gave colourless prisms of aa’-dimercaptosuccinic acid, m. p. 
190—192° (decomp.) [Found: C, 26-1; H, 3-7; S, 34:2; S(H), 25-1. C,H,O,S, requires C, 26-35; 
H, 3-3; S, 35-15%). 

Addition of Thiolacetic Acid to Methyl Acetylenedicarboxylate—A mixture of methyl acetylenedi- 
carboxylate (1-46 g.) (cf. Jeffery and Vogel, J., 1948, 678) and thiolacetic acid (1-69 g.) was set aside for 
3 days. The large colourless crystals of methyl aa’-bisacetylthiosuccinate (0-45 g.) were collected and 
recrystallised from light petroleum (b. p. 80—100°) in prisms, m. p. 119-5—120-5° (Found: C, 40-9; 
H, 4-9; S, 21-7. C,)H,,O,S, requires C, 40-8; H, 4-8; S, 21-8%). Light absorption: see Table. The 
liquid portion of .he reaction mixture was then heated on the steam-bath for 2} hours; after removal of 
low-boiling material, under reduced pressure, the residue partly solidified. The solid (1-3 g.) was drained 
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on porous tile and dissolved in hot alcohol; on cooling, a small crop of colourless prisms, m. p. 90—110°, 
was obtained. Light petroleum (b. p. 60—80°) was then added, whereupon large rhombs were gradually 
deposited; recrystallisation from alcohol-light petroleum (b. p. 60—80°) gave the stereoisomeric methyl 
aa’-bisacetylthiosuccinate, m. p. 71—72° (Found: C, 41-0; H, 5-0; S, 20-2. C,9H,,0O,S, requires C, 
40-8; H, 4:8; S, 21-8%). Light absorption: see Table. 
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654. The Preparation of the Two Stereoisomeric Forms of 
7 : 7'-Diacenaphthenyl.* 


By J. Ipris Jones. 


Diacenaphthenylidene has been reduced with sodium in boiling methylcyclohexanol to 
7: 7’-diacenaphthenyl, m. p. 168-5°. Catalytic hydrogenation with a copper chromite catalyst 
yields the same hydrocarbon together with the known stereoisomeric modification, m. p. 124° 
(lit., 120°). Raney nickel, on the other hand, favours further hydrogenation in the nuclei. 
The following additional reduction products have also been isolated: octahydro-, decahydro-, 
and tetrvadecahydro-7 : 7’-diacenaphthenyl. By an unexplained reaction 7 : 7’-diacenaphthenyl, 
m. p. 168-5°, is formed by treating acenaphthylene with benzylmagnesium bromide. 


ACENAPHTHYLENE, obtained by the catalytic dehydrogenation of acenaphthene (Kynaston and 
Jones, J. Soc. Chem. Ind., 1949, 68, 225, 228), polymerises to give a linear polymer (I) (Dzie- 
wonski and Leyko, Ber., 1914, 47, 1679; Jones, Brit. Plastics, 1946, 18, 286; Flowers and 
Miller, J]. Amer. Chem. Soc., 1947, 69, 1388) but with acid catalysts the predominant tendency is 
to form the dimer diacenaphthenylidene (II) (Dzieworski, Ber., 1915, 48, 1917). 


-CH- = - A “at === —(H, “*<k pus 

A’ TA 1 N AK ¢ cS 

KA INXAZ WV \F KAZ KAZ ) \A LA y 
(I.) (II.) (III.) 


In connection with a study of the ultra-violet absorption spectra of polymers and copolymers 
of acenaphthylene (Herington and Jones, J. Polymer Sci., in the press) it became necessary 
to prepare 7: 7’-diacenaphthenyl (III). This hydrocarbon, having two asymmetric carbon 
atoms, should exist in two stereosiomeric modifications—a meso- and a racemic form—but only 
one form, m. p. 120°, has hitherto been described. This was first prepared by Dziewonski and 
Paschalski (Ber., 1914, 47, 2685) by reduction of the lower-melting isomer of 1:2: 3: 4-di- 
1’ : 8’-naphthylenecyclobutane (‘‘ B-heptacyclene,” one of the dimeric forms of acenaphthylene 
obtained by photochemical polymerisation) with hydriodic acid and red phosphorus, and later 
(Dziewonski and Dolinski, Ber., 1915, 48, 1925) by a similar reduction of diacenaphthenylidene. 
Repetition of the latter experiment by the present author failed to give the desired hydrocarbon ; 
instead a mixture of more highly hydrogenated hydrocarbons resulted. Other methods of 
reduction were therefore investigated. 

Diacenaphthenylidene is conveniently prepared by Dziewonski and Dolinski’s method (loc. 
it., 1922) which consists in heating acenaphthylene picrate in acetic acid solution with con- 
centrated hydrochloric acid and regenerating the product from the picrate. In the preparation 
of diacenaphthenyl from diacenaphthenylidene the difficulty is to restrict the reduction to the 
ethylenic double bond. If the reduction goes beyond this stage a multiplicity of products 
becomes possible with various degrees of nuclear hydrogenation and different stereochemical 
configurations caused by the presence of two asymmetric carbon atoms and the possibility of 
cis-trans-isomerism in the higher hydrogenated states. Another difficulty arises from the very 
low solubility of diacenaphthenylidene in the usual solvents. Thus, no reduction could be 
effected with zinc dust in boiling acetic acid, with or without pyridine. With Raney nickel or 
Adams’s catalyst in alcohol, acetic acid, dioxan, or piperidine, even at the boiling point, no 
reduction was observed. Hydrogenation with palladised asbestos in boiling decalin or acetic 
acid also failed. However, diacenaphthenylidene is appreciably soluble in boiling methy]l- 


* In the author’s American publications, this compound was termed 1: 1’-biacenaphthyl. In this 
paper British nomenclature is used. Editor. 
9P 
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cyclohexanol and in this medium it was possible to effect reduction with sodium. When a 
small proportion of sodium was used the product was contaminated with unchanged 
diacenaphthenylidene which made purification difficult. On the other hand, higher proportions 
of sodium led to nuclear hydrogenation and the separation of the products was again difficult, 
However, by this means, two reduction products were isolated, one of which proved to be 
7: 1’-diacenaphthenyl, C,,H,,, m. p. 168°5°, a stereoisomer of the hydrocarbon, m. p. 120°, 
reported by Dziewonski and co-workers. The other product was an octahydro-derivative of 
diacenaphthenyl, one of the isomeric forms of bistetrahydro-7-acenaphthenyl, C.,Hy., m. p. 253°, 
in which the location of the reduced rings is not known. 

Hydrogenation of diacenaphthenylidene with Raney nickel at 150° and 140 atmospheres’ 
pressure yielded a complex mixture of solid and liquid products, only two of which were 
characterised—a decahydro-7 : 7’-diacenaphthenyl, C,,H,,, m. p. 176°, and a tetradecahydro- 
7 : 1’-diacenaphthenyl, C,,H 32, m. p. 146°; the structures are unknown, since here again nothing 
is known of the disposition of the tetrahydro- and decahydro-nuclei. Under similar conditions, 
but at only 70 atmospheres of hydrogen, the main product was the decahydro-derivative, 30%, 
of the diacenaphthenylidene being recovered unchanged. 

Copper chromite has proved a valuable catalyst for certain selective hydrogenations of 
carbon-carbon double bonds, as in the hydrogenation of phenanthrene to 9: 10-dihydro- 
phenanthrene (Burger and Mosettig, J. Amer. Chem. Soc., 1935, 57, 2731). This selective 
activity has been found also in the case of diacenaphthenylidene, hydrogenation being confined 
almost exclusively to the olefinic double bond; the product consists of the two forms of diace- 
naphthenyl, one of m. p. 168°5° identical with that derived from the foregoing’ sodium-—methy]l- 
cyclohexanol reduction, the other of m. p. 124° (picrate, m. p. 222—223°) corresponding to 
Dziewonski’s substance (m. p. 120°; picrate, m. p. 222—223°). The ultra-violet absorption 
spectra of the isomeric forms of 7 : 7’-diacenaphthenyl have been plotted (Herington and Jones, 
doc. cit.). The curves were of the same form and, as was to be expected, they showed a close 
parallelism with the spectrum of acenaphthene. However, there were significant differences 
between the relative intensities of certain absorption bands for the two diacenaphthenyls. 
‘Within the limits of experimental error it has been shown that the absorption spectra of the two 
isomeric forms of optical antipodes and the racemic form are identical (Brode, ‘‘ Chemical 
Spectroscopy,”’ John Wiley & Sons, 1945, p. 219), but little information appears to be available 
on the spectra of meso- and racemic compounds. However, for the tartaric acids Stewart 
(J., 1907, 91, 1537) did observe differences in absorption. Dissimilarities are common in the 
spectra of ¢is- and trans-isomers (Jones, Chem. Reviews, 1943, 32, 41), but, in general, too little 
is known of the effects of stereochemical factors on absorption to permit a deduction of the 
configuration by a study of the spectra alone. 

The higher-melting isomer of 7: 7’-diacenaphthenyl has also been prepared from 
acenaphthylene by a somewhat novel reaction involving a Grignard reagent. Fuson and 
Porter (J. Amer. Chem. Soc., 1948, 70, 895) have shown that Grignard reagents (tert.-butyl-, 
benzyl-, and ~-chlorobenzyl-magnesium chloride) react additively with the highly conjugated 
olefin bisdiphenylene-ethylene. It appeared of interest to see whether acenaphthylene similarly 
would add on Grignard reagents. When an ethereal solution of acenaphthylene (1 mole) was 
added to benzylmagnesium bromide (1 mole) and the mixture was heated under reflux for 4 
hours the products obtained were 7 : 7’-diacenaphthenyl, m. p. 168-5°, together with dibenzyl and 
some unchanged acenaphthylene. An extra mole of benzyl bromide added to the Grignard 
reagent after the addition of the acenaphthylene gave only some polyacenaphthylene. Although 
this reaction presented interesting features it was not possible to examine it beyond this stage 
and further work is not contemplated. It is not clear whether this is a reaction of acenaphthylene 
per se or of its dimer diacenaphthenylidene which might have been formed by polymerisation 
under the influence of the Grignard reagent. Ethylmagnesium bromide is known to polymerise 
allyl cyanide (Bruylants et al., Bull. Soc. chim. Belg., 1923, 82, 317; 1926, 35, 239) and butyl- 
and phenyl-magnesium bromide induce rapid polymerisation of methylacrylonitrile (Beaman, 
J. Amer. Chem. Soc., 1948, 70, 3115). 


EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford.) 


Diacenaphthenylidene (Dzieworski and Dolinski, loc. cit.) was obtained as yellow needles, m. p. 277° 
({picrate, m. p. 216—217°). This presumably is the stable trans-modification, for it sublimes unchanged 
at 300° in a vacuum. Choknacki (Bull. Acad. Polonaise, 1939, a, No. 1—3a, 101) described two 
crystalline modifications of diacenaphthenylidene, the a-form stable at < 100° and the f-form from 100° 
to the m. p. 277°, but there is no mention of a cis-isomer in the literature. 
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Reduction of Diacenaphthenylidene. Preparation of 17: '1’-Diacenaphthenyl_—(a) With hydriodic 
acid and ved phosphorus. epetition of Dziewofski and Dolinski’s experiment (loc. cit.) failed to yield 
any picrate-forming material. The product was an oil and was clearly a mixture of more highly 
hydrogenated material from which no pure individual product could be isolated. 

(b) With zinc dust in boiling acetic acid. Diacenaphthenylidene (5 g.) in glacial acetic acid (250 ml.) 
was treated under reflux with zinc dust (15 g.), and boiling was continued for 7 hours. The diace- 
naphthenylidene was recovered unchanged. Addition of pyridine (25 g.) and a trace of water (0-5 ml.) 
failed to induce reduction. 

(c) With sodium in methylcyclohexanol. Diacenaphthenylidene is not appreciably soluble in boiling 
ethyl or amyl alcohol, and was not reduced with sodium in either of these media. In methylcyclo- 
hexanol (Howard’s ‘‘ Sextol’’) it dissolves readily at the b.p. Sodium (5 g.) was added in small pieces 
during 1 hour to a boiling solution of diacenaphthenylidene (3 g.) in ‘“‘ Sextol”’ (250 ml.). At the end of 
the reaction the solution still exhibited the characteristic blue fluorescence of diacenaphthenylidene. 
The solvent was removed by distillation in steam, the semi-solid residue separated, and the accompanying 
liquid extracted with ether. On removal of the ether the product was obtained as a thick oil (3 g.) 
which partly solidified at 0°. Attempts at crystallisation afforded only a little impure diacenaphthenyl- 
idene, so the product was treated with picric acid (2-5 g.) in boiling alcohol. In this way pure diace- 
naphthenylidene picrate (1 g.), m. p. 216—217°, was recovered. Further crystallisation from alcohol 
yielded a — of glistening plates (1-1 g.), not a picrate, which after purification by washing with dilute 
ammonia and recrystallisation from alcohol plus a little benzene left 0-9 g. of plate-like crystals with a 
pale yellowish tint, melting at 168-5°, and exhibiting a slight bluish fluorescence in solution. This 
compound in benzene solution was chromatographed on an alumina column. A broad band showing an 
intense bluish fluorescence in ultra-violet light travelled down the column and was eluted with more of 
the same solvent. A very narrow band of fluorescent material was retained on the column. From the 
eluted fraction on crystallisation 7 : 7’-diacenaphthenyl, m. p. 168-5°, was obtained (Found: C, 94-0; 
H,6-0. C,,H,, requires C, 94-1; H,5-9%). The purified material in benzene solution no longer exhibited 
any fluorescence in ordinary daylight. The product regenerated from the mother-liquor containing 
the picric acid was an oil from which no pure compound could be separated. Analysis showed that 
hydrogenation had proceeded well beyond the diacenaphtheny] stage. 

When diacenaphthenylidene (5 g.) in 500 ml. of boiling “‘ Sextol’’ was treated during 1 hour with 12 g. 
of sodium and the solvent removed with steam, 5-5 g. of an oil were recovered from which only 
diacenaphthenylidene picrate (0-7 g.) separated on treatment with picric acid. Considerable difficulty 
was experienced in working up the oil recovered from the picric acid. It contained a little solid material, 
at least part of which eventually separated from alcohol-toluene on prolonged cooling. By repeated 
crystallisation from alcohol containing a little benzene this afforded colourless fine needles (0-1 g.) of 
octahydro-7 : 7’-diacenaphthenyl, m. p. 253° (Found: C, 91-7; H, 8-05. C,,H.,. requires C, 91-7; 
H, 83%), presumably one of the isomeric forms of bistetrahydro-7-acenaphthenyl. The remainder of the 


product consisted of a mixture of hydrocarbons of different degrees of hydrogenation from which no 


single pure individual could be isolated, either by distillation or by chromatography taking advantage 
of the intense blue fluorescence of the material in ultra-violet light. 

(d) Hydrogenation with noble-metal catalysts. Diacenaphthenylidene does not dissolve appreciably 
in acetic acid, ethyl alcohol, dioxan, benzene, toluene, chloroform, or piperidine at room temperature, 
and no hydrogenation could be effected with Adams’s catalyst in any of the these media even at the b. p. 
Attempts at hydrogenation with palladium-asbestos in boiling decalin or glacial acetic acid were also 
unsuccessful. 

(e) Hydrogenation with a Raney nickel catalyst. As was the case with Adams’s catalyst and the 
solver;ts listed above, diacenaphthenylidene resisted hydrogenation under the same conditions with 
Raney nickel. However, under pressure, reduction products were obtained but in these the naphthalene 
nuclei had also been hydrogenated. An autoclave containing diacenaphthenylidene (5 g.), ethyl alcohol 
(250 ml.), and about 1 g. of Raney nickel was charged with hydrogen to a pressure of 100 atmospheres. 
The temperature was raised to 150°, with stirring, and was maintained thereat for 3 hours, the maximum 
pressure recorded being 140 atmospheres. The contents of the autoclave were filtered to remove the 
Raney nickel, and the catalyst was washed with hot alcohol and benzene. Addition of picric acid (3-5 g.) 
to the bluish fluorescent solution yielded some diacenaphthenylidene picrate (1 g.) but no other picrate. 
After removal of the excess picric acid, the remainder of the product (semi-solid) was crystallised from 
benzene-alcohol (1 : 1), giving, first, white glistening plates (1-8 g.), m. p. 176° after further recrystallis- 
ations from the same solvent mixture. This compound was a form of decahydro-7 : 7’-diacenaphthenyl 
(Found: C, 91-2; H, 8-9. C,,H,, requires C, 91-1; H, 89%). After further crystallisation and 
recrystallisation another hydrocarbon was isolated as rosettes of colourless crystals (0-8 g.), m. p. 146°. 
Analysis showed this to be a tetradecahydro-7 : 7’-diacenaphthenyl (Found: C, 89-95; H, 10-2. C.Hs, 
requires C, 89-9; H, 10-1%). What was left of the product was liquid and, although some segregation 
of the constituents was achieved by chromatographic analysis on alumina in ultra-violet light using light 
petroleum (b. p. 40—60°), not enough material was available for characterisation. Both the deca- and 
tetradeca-hydro-derivatives fluoresced (blue) strongly in the ultra-violet. During the chromatographic 
separation more than one intensely fluorescent band was obtained on the column, while part of the product 
was not so strongly adsorbed and was eluted. This did not fluoresce and on examination was found to 
be a mixture of highly hydrogenated material, partly crystalline. 

When the hydrogenation was repeated with the same proportions of the reagents but with an initial 
pressure of only 50 atmospheres of hydrogen (maximum pressure, 70 atmospheres), 1-2 g. of 
diacenaphthenylidene were recovered unchanged and a further 0-3 g. was isolated through the picrate. 
The only crystalline product isolated in this case was decahydrodiacenaphthenyl, m. p. 176° (1 g.). 

(f) Hydrogenation with copper chromite catalyst. Diacenaphthenylidene (5 g.), ethyl alcohol (250 ml.), 
and a copper-chromium oxide catalyst (1 g.) (Adkins, Folkers, and Connor, J. Amer. Chem. Soc., 1932, 
54, 1138) were heated with stirring for 6 hours at 170°, the maximum pressure of hydrogen being 158 
atmospheres. The charge, after opening of the autoclave, was brought to the boil and was filtered while 
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hot, fresh quantities of boiling alcohol being added to wash the catalyst. The filtrate was reduced to a 
small volume and was allowed to crystallise. Altogether, 2-5 g. of almost colourless plates, m. p. 158—164° 
separated which, after repeated crystallisation from light petroleum (b. p. 80—100°) plus a little benzene 
yielded 7 : 7’-diacenaphthenyl, m. p. 168-5 (1-5 g.)._ The combined mother-liquors did not crystallise 
arene as an oil from alcohol and other solvents. Addition of picric acid (4-6 g.) to a benzene-alcoho] 
solution of the residual product yielded golden-yellow needles of 7: 7’-diacenaphthenyl picrate 
m. p. 222—223° (1-5 g.), identical with the product described by Dziewoiski (Joc. cit.) (Found: C, 56-9: 
H, 3-2; N, 10-8. Calc. for C;,H,,0,,N,: C, 56-5; H, 3-16; N, 110%). On regeneration with dilute 
ammonia, 7 : 7’-diacenaphthenyl, m. p. 124° (lit., 120°) (Found: C, 93-9; H, 5-9. Calc. for C,,H,,: 
C, 94:1; H, 5-9%), was obtained in the form of colourless plates (from alcohol). 

Reaction of Acenaphthene with Benzylmagnesium Bromide.—To benzylmagnesium bromide prepared 
from benzyl bromide (17-1 g.) and magnesium (2-43 g.) in dry ether (100 ml.) was added a solution of 
acenaphthylene (15-2 g.) in ether (100 ml.). After being heated under reflux for 4 hours the solution, 
from which some crystalline material had separated, was poured on a mixture of broken ice and ammonium 
chloride. A white insoluble material separated, and from the ethereal solution after concentration and 
addition of alcohol a further quantity was obtained. After crystallisation from benzene-alcohol (1 : ]) 
this solid material yielded crystalline plates of 7: 7’-diacenaphthenyl, m. p. 169° (8 g.) (Found: C, 93-9: 
H, 585%; M, 328. C,,H,, requires C, 94-1; H, 5-9%; M, 306). Its identity was confirmed by the exact 
correspondence of its ultra-violet absorption spectrum in benzene solution with that of the corresponding 
diacenaphthenyl obtained by reduction of diacenaphthenylidene and by the absence of any depression 
in a mixed m. p. determination. No picrate could be prepared from it. Distillation of the product left 
after recovery of the diacenaphtheny] furnished a yellow oil (12-1 g.), the bulk of which distilled at 
118—122°/6mm. Addition of picric acid to an alcoholic solution of this distillate afforded acenaphthylene 
picrate (14-4 g.), m. p. 203° (decomp.), and from the residue, after removal of excess of picric acid, dibenzy] 
(5-9 g.), m. p. 52°. 

In a second experiment, to benzylmagnesium bromide, prepared as above, a solution of acenaphthylene 
(15-2 g.) in ether (100 ml.) was run in and the mixture was heated under reflux for 5} hours. Next 
morning more benzyl bromide (17-1 g.) was added and refluxing was continued for 2} hours. The product 
was isolated by pouring on ice-ammonium chloride and was extracted with ether. The dried ethereal 
solution was poured into excess of ethyl alcohol whence there separated an amorphous biscuit-coloured 
solid (5-8 g.) which proved to be exclusively polyacenaphthylene, soluble in benzene and chloroform, 
moderately soluble in acetone, and insoluble in light petroleum and alcohol. It showed signs of softening 
at ca. 220° but had no definite m. p. Nodiacenaphthenyl was found. From the alcohol-soluble portion 
of the product, by distillation at 7 mm., benzyl bromide, dibenzyl, and acenaphthylene were recovered, 
but it was difficult to determine the exact amounts present in the total distillate (21 g.). The distillation 
was made difficult by the presence of polymeric material which either had not been completely precipitated 
in the alcohol or had formed during the early stages of the distillation. The temperature was raised to 
265° but still much material remained undistilled. Some pyrolysis occurred as the last fraction to distil 
contained acenaphthylene and some diacenaphthenylidene. 


The work described above has been carried out as part of the research programme of the Chemical 
Research Laboratory, Department of Scientific and Industrial Research, and this paper is published by 
permission of the Director of the Laboratory. 


CHEMICAL RESEARCH LABORATORY, DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH, TEDDINGTON, MIDDLESEX. [Received, July 11th, 1949.] 





655. The Rotatory Dispersion and Circular Dichroism of 
(—)-y-Chloro-y-nitroso-5-phenylvaleric Acid. 


By STOTHERD MITCHELL and W. E. F. NAIsMITH. 


We have obtained (—)-y-chlovo-y-nitroso-8-phenylvaleric acid by fractional crystallisation of 

the (-+)-compound combined with (+)-a-(2-hydroxy-l-naphthyl) benzylamine, 
OH:C,,H,"CHPh-NH,. 

The resolved acid exhibits the Cotton effect in the region of absorption due to the nitroso- 
group. Thespecific rotation (in alcoholic solution) has a positive maximum ot +372° at 5900 4., 
passes through zero at about 6500 a., and has a negative maximum of —400° at 6760 a. We 
have represented the circular dichroism curve as the sum of two probability curves, and have 
calculated partial rotations and anisotropy factors associated with each of these components. 


In connection with work on asymmetric photochemical action, it became desirable to study the 
rotatory dispersion and circular dichroism of a chloronitroso-acid which had been resolved by 
one of the classical methods. Some progress in this direction has already been recorded. 
Mitchell and Simpson (J., 1940, 784) prepared (—)-menthyl (+-)-$-chloro-$-nitrosobutyrate, but 
were unable to isolate the corresponding acid. Mitchell, Schwarzwald, and Simpson (J., 1941, 
602) showed that y-chloro-y-nitrosovaleric acid was readily obtained and could be kept for 
several weeks without appreciable decomposition. This (+)-acid formed stable salts with 
(—)-menthylamine, but no resolution resulted when they were fractionally crystallised from 
n-hexane. A number of alkaloids were then tried in place of menthylamine, but in most cases 
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only viscous oils resulted. The quinine salts were solid, however, and crystallisation from 
methyl acetate produced some resolution, the (—)-base-(—)-acid component being the less 
soluble. Noticeable decomposition of the salts occurred when they were left in contact 
with the solvent for only a few hours at 0°. Somewhat similar results were obtained 
with “ (+)-$-naphthol-phenylaminomethane ”’ [(-+-)-«-(2-hydroxy-l-naphthyl)benzylamine] 
OH’C,,H,°CHPh-NH,, but in this case (with ethyl acetate as solvent) the (+)-base—(+)-acid 
component tended to separate first. A large number of crystallisations would have been 
required for complete resolution, so we decided to try an acid of higher molecular weight. We 
were thus led to prepare y-chloro-y-nitroso-8-phenylvaleric acid, which turned out to be very 
suitable for our purpose. 

The salts produced by combining the (+)-acid with (+ )-«-(2-hydroxy-l-naphthyl)benzyl- 
amine were reasonably stable, and were submitted to fractional crystallisation from ethyl 
acetate. Table I shows the progress of the resolution, values of the observed rotation being 
given for two wave-lengths. The acid was recovered from the tenth fraction, and after 


crystallisation from n-hexane was used for the optical measurements. 


c= 


TABLE I. 


2-008 g./100 c.c. (in methyl alcohol) ; / 


Rotatory Dispersion in Alcohol. 


TABLE II. 


Solutions : (a) c = 2-004; (b) c = 0-681 g./100 c.c.; ¢ = 18°. 


Solution (a); 7 = 1 dm. 


A. 
5000 
5100 
5200 
5300 


At. 
7190 
7100 
7025 
6970 
6930 
6890 


a. 
+3-85° 
+411 
+4-42 
+4-80 


Ellipticity. 
—0-05° 
—0-07 
—0-11 
—0-16 
—0-25 


(a). 
+192-2° 
+205-1 
+ 220-6 
+239-5 


Solution (5); 7 = 0-6 dm. 


A 
5400 
5500 
5600 
5700 
5800 
5900 
6000 
6100 


a. 
+1-09° 
+1-18 
+1-27 
+1-36 
+1-48 
+1-52 
+1-43 
+1-32 


TABLE III. 
Circular Dichroism in Alcohol. 


[a]. 
+266-8 
+288-8 
+310-9 
+332-9 
+362-0 
+371-9 
+349-9 
+323-0 


Solution (b); 1 = 0-25 dm. 


i. 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 


c = 0-681 g./100 c.c.; 1 = 2-5cm.; # = 18°. 


A. 
5900 
6000 
6100 
6200 
6300 
6400 
6500 


Ellipticity. 


—0-35° 
—0-49 
—0-59 
—0-69 
—0-83 
—1-02 
—1-13 


TABLE IV. 


Absorption in Alcohol. 


Concn., 0-07736m.; 7 = 1 cm. 


x 
6860 
6830 
6810 
6790 
6770 
6755 


€. 

10-34 
11-63 
12-93 
14-22 
15-52 
16-81 


A. 
6600 
6700 
6800 
6900 
7000 


a. 
+0-52° 
+0-48 
+0-30 
—0-07 
—0-47 
—0-65 
— 0-67 
—0-55 
—0-40 


Ellipticity. 


—0-97° 
—0-62 
—0-38 
—0-24 
—0-13 


de. 
6370 
6400 
6430 
6460 
6500 


[a]. 
+306-0° 
+282-0 
+176-3 
— 41-1 
—276-2 
—381-9 
— 393-8 
— 323-2 
—235-1 


€. 
18-09 
19-39 
20-68 
21-98 
23-27 


Readings of rotatory dispersion and circular dichroism were made visually with the apparatus 
previously described (cf. Mitchell and Simpson, J., 1940, 784), and the results are set out in 
Tables II and III. The absorption data were recorded photographically with a Spekker 
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photometer and a glass spectrograph using Ilford long-range plates. The wave-lengths i, and 
2g, at which the double spectrograms had equal density, were found by means of a Hilger 
microphotometer, and are given in Table IV 
along with the corresponding molecular ex- 
tinction coefficients, ¢. 

In Fig. 1 the curves of rotatory dispersion, 
A absorption, and circular dichroism are all 
plotted on the same wave-length scale. A 
study of this diagram reveals three points 
of interest. (1) The absorption and circular 
dichroism curves are similar in shape, but the 
former is broader than the latter, and ¢,,. 
occurs at a slightly longer wave-length than 
(€: — €-)max.. (2) The rotatory dispersion 


us curve crosses the axis of zero rotation at 


Fic. 1. 














the same wave-length (A = 6500 a.) as 
(e; — €,)max.. (3) The circular-dichroism curve 
is made up of two parts, and the form of 
the rotatory dispersion curve suggests that it 
may contain components related to each of 
these parts. 

We proceeded therefore to analyse the 
(full line) circular-dichroismcurve, Fig. 2 (bd), 
7000 6500 6000 into two (dotted) curves of the type 

A. 


(e -_ €,) = (ez _ €,)max.67 1A — 0/6)" 


where Ag is the wave-length corresponding to 
(e; — €,)max, and 6 is defined by 2’ = 1°66510, ’ being the half width of the band. The sum of 
these two component curves is shown as a broken line, which agrees quite well with the 
experimental curve. 























1. Rotation. 2. Absorption. 3. Circular dichroism. 


Fie. 2. 





25 
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15 
3) 
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7000 6600 6200 5800 7000 6600 5 208 
A 














(a) Absorption. (b) Circular dichroism. 


The contributions to the rotatory dispersion associated with each of these component 
circular-dichroism curves were then calculated by means of Kuhn’s equation as modified by 
Lowry and Hudson (Phil. Trans., 1933, A, 2382, 117) and are shown dotted in Fig. 3. When 
the sum of these dotted curves (broken line) is subtracted from the experimental curve (full line) 
the residual curve rises more or less uniformly towards the shorter wave-lengths, showing that 
the anomalies caused by the nitroso-group have been fairly well eliminated. 

In order to calculate the anisotropy factors (g) we have represented the absorption curve, 
Fig. 2(a), as the sum of three components, two of which correspond to those of the circular- 
dichroism curve. For the large component g = (e; — ¢,)max./€max. = —0°023, and for the small 
(short-wave) component g = —0°020. 
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The presence of the third (long-wave) component is not very clearly indicated by the form of 
the absorption curve in this case, but it is quite apparent with some other nitroso-compounds, 
¢.g., nitrosyl chloride (Proc. Roy. Soc., 1939, A, 172, 432). 


Fie. 3. 








Experimenta! curve. 
seeeeeessComponent curves. 

Sum of components. 

Residual! curve. 











EXPERIMENTAL. 


Preparation of 8-Phenyl-levulic Acid, CH,Ph*CO-CH,’CH,°CO,H.—The half ester 
CHPh:C(CH,Ph)*CH(CO,Et)*CH,°CO,H 

was obtained by boiling dibenzyl ketone and diethyl succinate under reflux for 6 hours with potassium 
tert.-butoxide in an excess of tert.-butyl alcohol (cf. Johnson, Goldman, and Schneider, J. Amer. Chem. 
Soc., 1945, 67, 1357). Hydrolysis of the half ester with 5% sodium hydroxide solution produced the 
corresponding dicarboxylic acid which was then oxidised with 4% potassium permanganate solution at 
0° (cf. Russwurm and Schultz, Annalen, 1899, 308, 175) to give (impure) 8-phenyl-levulic acid. The 
latter was purified through the semicarbazone. After liberation with dilute sulphuric acid, the keto-acid 
was crystallised from light petroleum and had m. p. 54—55°. Treatment with hydroxylamine 
hydrochloride and potassium acetate gave the oxime, m. p. 98°. 

y-Chlovo-y-nitroso-8-phenylvaleric Acid, CH,Ph°CCl(NO)-CH,°CH,°CO,H.—The thoroughly dried 
oxime of §-phenyl-levulic acid was dissolved in dry ether, and chlorine was passed into the solution until 
a green colour appeared. Removal of the ether under reduced pressure gave a stable blue solid. After 
crystallisation from n-hexane, this acid had m. p. 74° (Found: C, 73-2; H, 8-8; N, 4-2. C,,H,,0,NCl 
requires C, 73-1; H, 9-0; N, 4:1%). 

Resolution of (+)-y-Chlovo-y-nitroso-8-phenylvaleric Acid.—We prepared first (+)-a-(2-hydroxy-l- 
naphthyl)benzylamine [‘‘ (+)-f-naphthol-phenylaminomethane,’’ Org. Synth., 1929, 9, 60] and then 
resolved it as described by Betti (Gazzetta, 1906, 36, (2), 392]. 

On mixing of equimolecular quantities of the (+)-base and the (+)-chloronitroso-acid (in ether) a 
pale blue precipitate [(-+)-acid-(+)-base] was obtained, having m. p. 102—105° (decomp.) (Found : 
C, 68-8; H, 5-4; N, 5-7. C,,H,,O,N,Cl requires C, 68-5; H, 5-5; N,5-7%). Addition of 66 g. of acid 
to 68-5 g. of base gave 110 g. of product which was submitted to fractional crystallisation from ethyl 
acetate, about 70% of material being recovered at each stage. The rotations of some of the fractions 
are given in Table I. After the tenth crystallisation, the remaining salt [(—)-acid—(+)-base] was 
treated with dilute hydrochloric acid, and the liberated (—)-acid was extracted with ether, dried, re- 
covered, and finally crystallised from n-hexane (m. p. 78°). 


We are indebted to the Carnegie Trust for the Universities of Scotland for a scholarship which 
enabled one of us (W. E. F. N.) to take part in this work. The microanalyses were carried out by Miss 
R. H. Kennaway. 


UNIVERSITY OF GLASGOW. [Received, July 22nd, 1949.] 
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656. Studies in the Polyene Series. Part XXXIV. The Synthesis 
of a Cy, Alcohol related to Vitamin A. 


By G. W. H. CHEESEMAN, SiR Ian HEILBrRon, E. R. H. Jones, and B. C. L. WeEeEpon, 


In continuation of the schemes previously outlined for the synthesis of vitamin A and its 
analogues, the crystalline C,, primary alcohol (IV), containing an acetylenic bond in the side 
chain and a cyclohexene ring devoid of methyl groups, has now been prepared. 

Condensation of ethynylcyciohexene (I) with 6-methylocta-3 : 5 : 7-trien-2-one (II) gives 
the tertiary carbinol (III) which on treatment with dilute acids is isomerised to the primary 
carbinol (IV). 


Unt recently, all successful syntheses in the vitamin-A field (for summary see Heilbron, /., 
1948, 386; see also Cheeseman, Heilbron, Jones, Sondheimer, and Weedon, this vol., p. 1516: 
Isler et al., Helv. Chim. Acta, 1949, 32, 489; Schwarzkopf ef a/., ibid., p. 443; Milas et al., J. 
Amer. Chem. Soc., 1948, 70, 1591, 1597) have commenced with B-ionone. However, this starting 
material leads to only a few of the structural variants of the vitamin-A molecule required for the 
complete elucidation of the relationship between biological activity and molecular structure. 
With a view to overcoming this limitation, and also to developing new approaches to vitamin A 
(V) itself, attention has recently been directed in this and other laboratories to the use of 
ethynylcyclohexene (I), and its methyl homologues, for the preparation of compounds related to 
vitamin A (Heilbron ef al., J., 1948, 386; this vol., pp. 287, 742, 2023; Milas et al., J. Amer. 
Chem. Soc., 1948, 70, 1292, 1829; Sobotka and Chanley, ibid., p. 3914). This paper records 
the synthesis of (IV) in which the side chain differs from that of vitamin A only in the 
replacement of an ethylenic by an acetylenic linkage. 
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When the Grignard reagent from ethynylcyclohexene (I) was condensed with 6-methylocta- 
3:5: 7-trien-2-one (II) (Cheeseman, Heilbron, Jones, Sondheimer, and Weedon, this vol., 
p. 2031), by a method similar to that previously used in the condensation with octa-2 : 4: 6- 
trien-l-al (Heilbron, Jones, Lewis, Richardson, and Weedon, J., 1949, 742), the tertiary carbinol 
(III) was obtained. In order to avoid the losses involved in distillation, the crude condensation 
product, which was shown by light-absorption measurements to contain ca. 65% of (III), was 
employed in the preparation of the fully conjugated carbinol (IV). 

The tertiary carbinol (III) underwent anionotropic re-arrangement on being shaken with 
1% sulphuric acid to give the impure isomer (IV). In view of the instability of (IV) to 
prolonged treatment with acid, it was most satisfactorily prepared by effecting only partial 
re-arrangement of (III) and separating the resulting mixture of carbinols by chromatography. 

Esterification of the crude carbinol (IV) with both ~-phenylazobenzoy] chloride and anthra- 
quinone-2-carboxyl chloride gave, after chromatographic purification, the corresponding 
crystalline derivatives, m. p. 106—109° and m. p. 153—155°, respectively. Hydrolysis of the 
anthraquinone-2-carboxylate yielded the crystalline primary carbinol, 9-cyclohex-1’-enyl-3 : 7- 
dimethylnona-2 : 4 : 6-trien-8-yn-l-ol (IV), m. p. 75—76°. Subsequently it was found possible 
to prepare the crystalline carbinol [in ca. 7% yield based on (III) consumed] simply by seeding the 
concentrates obtained by chromatography of the crude re-arrangement product. 

Light-absorption data for the various compounds described in this paper are presented in 
Table I. The carbinol (III) exhibits absorption of high intensity consistent with the presence 
in the molecule of conjugated enyne and triene systems. The light-absorption properties of 
(IV) and its derivatives are similar to those of vitamin A and the corresponding derivatives. 

When the carbinol (IV) was administered orally in arachis oil to rats deficient in vitamin A, 
growth responses were produced at doses which indicated that the carbinol possessed activity 
of the same order as that of the corresponding acid (ca. one thousandth that of vitamin A 
itself; Heilbron, Jones, and Richardson, J., 1949, 287). 
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TABLE I. 


Amax., A. 
Carbinol (III) 2280 
2600 
2700 
2800 


)-CiC-CH-[CH:CH],"Me* 2690 
H 2780 * 


Carbinol (IV) 3200 
3370 * 


‘ CiC-[(CH!CH),-CHMe-OH 4 2390 
l 3210 
3350 29,500 





Vitamin A (V) * 3280 49,000 





p-Phenylazobenzoate of (IV) 3250 fT 56,500 
p-Phenylazobenzoate of vitamin A # 3250—3280 81,500 


Anthraquinone-2-carboxylate of (IV) 2580 fT 72,500 
3280 48,500 


Anthraquinone-2-carboxylate of vitamin A? 2550 53,500 
3250—3280 56,000 


* Inflexion. T In chloroform. 


1 Heilbron, Jones, Lewis, Richardson, and Weedon, this vol., p. 742. 
2 Isler, Huber, Ronco, and Kofler, Helv. Chim. Acta, 1948, 30, 1911. 


EXPERIMENTAL, 


Light-absorption data were determined in alcohol unless stated otherwise. All the operations were 
carried out in an atmosphere of nitrogen. 

The alumina (Spence, type H, mesh 100—200) was washed with dilute hydrochloric acid (ca. 0-2n.), 
and then with water, until the filtrate no longer contained chloride ions, and finally with methanol. 
After being dried in air at 20°, the adsorbent was graded (III—IV; cf. Brockmann and Schodder, Ber., 
1941, 74, 73) and stored in a tightly stoppered bottle. 

9-cycloHex-1’-enyl-3 : 7-dimethylnona-1 : 3 : 5-trien-8-yn-7-ol (III).—Ethynylcyclohexene (20-0 g., 
0-19 mol.) in ether (100 c.c.) was added dropwise to a solution of ethylmagnesium bromide (prepared 
from magnesium, 4-5 g., 0-18 mol.) in ether (300 c.c.) and the mixture was refluxed for 3 hours. After 
cooling to 20°, a solution of 6-methylocta-3 : 5 : 7-trien-2-one (18-5 g., 0-14 mol.; Cheeseman, Heilbron, 
Jones, Sondheimer, and Weedon, this vol., p. 2031) in ether (100 c.c.) was added over a period of 
45 minutes, and the mixture was stirred for 12 hours and then poured on ice and ammonium chloride 
(125 g.). The product was extracted with ether, and the ethereal solution was washed with water and 
dried (MgSO,). After removal of the solvent and excess of ethynylcyclohexene under reduced pressure, 
a viscous dark red oil (32-0 g.), nj 1-5420, was obtained. Light absorption: Maxima, 2280, 2700, and 
2800 a.; E}%, = 730, 1020, and 840 respectively, indicating a ca. 65% content of the carbinol. 

Distillation of a portion (0-7 g.) of the crude material gave 9-cyclohex-1’-enyl-3 : 7-dimethylnona- 
1:3: 5-trien-8-yn-7-ol (0-3 g.) as a pale yellow oil, b. p. 100—110° (bath temp.)/10~ mm., n}$ 1-572 
(Found: C, 83-65; H, 9-25. C,,H,,O requires C, 84-25; H,9-15%). Light absorption: see Table I. 

9-cycloHex-1’-enyl-3 : 7-dimethylnona-2 : 4 : 6-trien-8-yn-1-ol (IV).—A solution of the above carbinol 
(24-0 g.; ca. 65% pure) and a trace of quinol in peroxide-free ether (300 c.c.) was shaken at 20° for 
18 hours with dilute sulphuric acid (1200 c.c.; 1% w/v). The ethereal layer was separated, washed 
with a saturated solution of sodium hydrogen carbonate and water, dried, and concentrated by 
evaporation under reduced pressure to a dark viscous oil (21-6 g.), ml 1-569. Light absorption : 
Maxima, 2290, 2700, and 3080 a.; Ei%, = 600, 720, and 400, respectively. 

A portion (10-9 g.) of the crude product was dissolved in light petroleum (60 c.c.; b. p. 40—60°) and 
the solution poured on to a column of alumina (700 g.). The chromatogram was developed with a range 
of solvents, and four bands were eluted (see Table II). 

The oil (1-35 g.) obtained from zone (iii) was dissolved in light petroleum (10 c.c.) and the solution 
seeded with crystalline (IV) (for preparation see below). The solid (500 mg.) deposited was warmed 
with pentane (ca. 80 c.c.) and the insoluble polymeric material filtered off. The filtrate was cooled to 
0°, and 9-cyclohex-1’-enyl-3 : 7-dimethylnona-2 : 4 : 6-trien-8-yn-l-ol (250 mg.) crystallised in colourless 
needles, m. p. 75—76°, which rapidly turned yellow on exposure to air (the m. p. was not raised by 
further recrystallisation) (Found: C, 83-9; H, 9-15. C,,H,,O requires C, 84:25; H, 9-15%). Light 
absorption: Maxima, 3200 and 3370 a.; E}%, = 1740 and 1170, respectively. Concentration of the 
pentane mother liquors gave a further crop (84 mg.) of crystalline product, m. p. 72—76°. 
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Taste II. 


Wt. of Light absorption : 

Zone. Eluant. material. Appearance. Np. - 
(i) Light petroleum, b. p. 40—60° 3-6. pale yellow oil ni 1-558 730 
780 
620 
530 


(ii) Benzene 2-25 g. pale yellow oil nif 1-575 470 
920 
820 
410 


(iii) * 10% Ether in benzene 1:35 g. _ pale yellow oil ni8 1-617 — 


(iv) 20% Ether in benzene 1-0 g. dark yellow oil n?? 1-558 700 


380 
* Adsorbed on the column for ca. 6 hours. 


After removal of the solvent from the combined mother liquors under reduced pressure, an oil 
(760 mg.), n?? 1-603, was obtained. Light absorption: Maxima, 2510 and 3210 a.; E}%, = 660 and 
1000, respectively : Inflexions, 3050 and 3340 .; E}%, = 830 and 700, respectively, indicating an 
appreciable content of the carbinol (possible a mixture of stereoisomers). A portion (300 mg.) of the 
oil was esterified with anthraquinone-2-carboxyl chloride in the manner described below. The crude 
product (530 mg.) was triturated with acetone and the solid then obtained was recrystallised from the 
same solvent giving the ester (80 mg.), m. p. 153—155°, undepressed on admixture with that described 
below. 

p-Phenylazobenzoate of (IV) (cf. Isler, Huber, Ronco, and Kofler, Helv. Chim. Acta, 1947, 30, 1911). 
A solution of p-phenylazobenzoyl chloride (0-5 g.) in methylene chloride (5 c.c.) was added slowly to a 
solution of the crude carbinol (IV) [0-85 g.; E!%, (3150 a.) = 470, indicating a purity of ca. 25%] in 
methylene chloride (6 c.c.) and dry pyridine (1 c.c.) causing the precipitation of a solid pyridine salt. 
The mixture was shaken at 20° for 24 hours. Water (1 c.c.) was added, and the mixture was warmed 
to 50° for 5 minutes to hydrolyse the excess of acid chloride. After the addition of hydrochloric acid 
(50 c.c.; 2N.), the aqueous layer was extracted with ether (3 x 25 c.c.), the ethereal solution was washed 
with hydrochloric acid (2N.), sodium hydroxide solution (0-5N.), and water, and dried (MgSO,). Removal 
of the solvent under reduced pressure gave a dark red oil (1-2 g.) which was dissolved in a mixture of 
benzene (2 c.c.) and light petroleum (4 c.c.; b. p. 40—60°), and the solution was filtered through a 
column of alumina (60 g.). The chromatogram was developed with the same mixture; the least 
strongly adsorbed band was eluted and, after removal of the solvent under reduced pressure, gave a 
red oil (360 mg.) which was dissolved in light petroleum (ca. 3 c.c.; b. p. 40—60°). When kept at 0°, 
the solution deposited an orange, crystalline solid (110 mg.), m. p. 96—106°, which was recrystallised 
from the same solvent giving the p-phenylazobenzoate in needles, m. p. 106—109° (Found: C, 79-9; 
H, 7:0; N, 6-55. CypHgg0,N, requires C, 79-95; H, 6-7; N, 6-2%). Light absorption: see Table I. 

Anthraquinone-2-carboxylate of (IV) (cf. idem, loc. cit.). A solution of anthraquinone-2-carboxyl 
chloride (0-5 g.) in methylene chloride (8 c.c.) was slowly added to a solution of the crude carbinol (IV) 
{1-16 g.; Ei%, (3150 a.) = 385, indicating a purity of ca. 20%] in methylene chloride (3 c.c.) and dry 
pyridine (1 c.c.), causing the precipitation of a solid pyridine salt. The mixture was shaken at 20° for 
24hours. Water (1 c.c.) was then added, and the mixture kept at 50° for 5 minutes. After the addition 
of hydrochloric acid (50 c.c.; 2N.) the aqueous layer was extracted with ether (3 x 25 c.c.), and the 
ethereal solution was washed with hydrochloric acid (2N.), sodium hydroxide solution (0-5N.), and water, 
and dried (MgSO,). Removal of the solvent under reduced pressure gave a dark red oil (1-35 g.) which 
was dissolved in a mixture of benzene (3 c.c.) and light petroleum (6 c.c.; b. p 40—60°) and the solution 
was passed through a column of alumina (100 g.). e chromatogram was developed with the same 
mixture of solvents and the least strongly adsorbed, orange-coloured zone was eluted. Removal 
of the solvent from the orange yellow solution under reduced pressure yielded a partly solid residue 
(250 mg.). Crystallisation of the solid from acetone gave the anthraquinone-2-carboxylate (125 mg.) 
in crimson — m. p. 153—155°. Further crystallisation from the same solvent raised the m. p. to 
154—156° (Found: C, 80-7; H, 6-2. C,,H,,O,4 requires C, 80-65; H, 5-9%). Light absorption: see 
Table I. 

Regeneration of the carbinol (IV) from the anthvaquinone-2-carboxylate (cf. idem, loc. cit.). The 
anthraquinone-2-carboxylate (84-6 mg.; m. p. 154—156°) was heated to 50° with alcoholic potassium 
hydroxide solution (2 c.c.; 2Nn.) until the crimson colour of the derivative had disappeared 
(ca. 10 minutes). The precipitated potassium anthraquinone-2-carboxylate was filtered off and washed 
well with alcohol. The combined alcoholic solutions were diluted with water, and the product isolated 
by extraction with light petroleum (b. p. 40—60°). The petroleum solution was washed with potassium 
hydroxide solution (0-5n.), dilute sulphuric acid (2N.), saturated sodium hydrogen carbonate solution 
and water, and then dried (MgSO,). Removal of the solvent under reduced pressure gave an oil which 
rapidly solidified (m. p. 70—71°; 42-6 mg.). Recrystallisation from pentane gave (IV) in colourless 
needles, m. p. 74—75°. 
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657. Studies in the Polyene Series. Part XXXV. A New Method 
for the Synthesis of Some Acetylenic Acids related to Vitamin A. 


By J. B. Toocoop and B. C. L. WEEDon. 


A new method has been developed for the preparation of acetylenic acids of the type (V), 
some of which have been shown previously to produce slight but definite growth responses 
when administered as the sodium salt to rats deficient in vitamin A. 

Condensation of the ethynylcyclohexenes (I; R, = R, = R; = H; R, = Me, R, = 
R, =H; and R,=R,=H, R,;= Me) with methyl 2-chlorovinyl ketone gives the 
corresponding carbinols (VI). These, on treatment with dilute sulphuric acid, are converted 
into the aldehydes (VII) which on condensation with acetone yield the ketones (IV). Reaction 
of the ketone (IV; R, = R, = H, R,; = Me) with ethyl bromoacetate and zinc leads to the 
isolation of the crystalline acid (V; R, = R, = H, R, = Me). 


PREVIOUS papers in this Series (Heilbron, Jones, and Richardson, this vol., p. 287; Heilbron, 
Jones, Lewis, and Weedon, ibid., p. 2023; cf. Heilbron, J., 1948, 386) have described 
the synthesis of the acids (V; R,, R, = H or Me, R,; = H) which, with one exception (V; 
R, = R; = H, R, = Me), showed small but definite growth-promoting properties when 
administered as the sodium salt to rats deficient in vitamin A. The method of preparation 
may be summarised as follows. The appropriate ethynylcyclohexenes (I) were condensed 
with crotonylideneacetone and the resulting carbinols (II) isomerised, by treatment with 
dilute acids, to the fully conjugated carbinols (III), which were oxidised to the corresponding 
ketones (IV). Treatment of the latter with methyl bromoacetate under Reformatsky 
conditions led to the isolation of the crystalline acids (V). A new route for the preparation of 
the intermediate ketones (IV) has now been developed and employed for the synthesis of the 
crystalline acid (V; R, = R, = H, R; = Me). 
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The Grignard reagents from the ethynylcyclohexenes (I; R, = R, = R; = H; R, = Me, 
R,= R,; =H; and R,= R,=H, R, = Me) were condensed with methyl 2-chlorovinyl 
ketone, by a method similar to that previously employed (Jones and Weedon, J., 1946, 937) 
in analogous condensations with other acetylenes, and gave the carbinols (VI; R, = 
R, = R, = H; R, = Me, R, = R, = H;; and R, = R, = H, R, = Me) in excellent yields. 

As was expected, treatment of these carbinols with dilute mineral acids resulted in 
anionotropic re-arrangement, followed by elimination of hydrogen chloride, yielding the 
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aldehydes (VII; R, = R, = R, = H; R, = Me, R, = R, = H; and R, = R, = H, R, = Me) 
(cf. idem, loc. cit.) which were purified by regeneration from the semicarbazones (cf. Heilbron, 
Jones, and O’Sullivan, J., 1948, 866). The most satisfactory method of effecting these 
conversions was found to be steam-distillation of mixtures of the chloro-carbinols and 1% 
sulphuric acid, the aldehydes thus obtained requiring no further purification before use in the 
next stage of the synthesis. 

Condensation of the aldehydes (VII; R, = R, = R, = H; and R, = Me, R, = R, = H) 
with acetone occurred readily in the presence of aluminium ¢ert.-butoxide yielding the ketones 
(IV; R,=R,=R,=H; and R, = Me, R, = R, = H), identical with those obtained 
previously by the alternative route described above. Similarly the aldehyde (VII; R, = 


R, = H, R,; = Me) gave the ketone (IV; R, = R, = H, R; = Me); treatment of this with 


Amen, A- 

Carbinol (VI; R,=R,=R,;=H) 2290 
(VI; R,=Me, R,=R,=H) 2280 

(VI; R,=R,=H, R,=Me) 2290 
CH,:CH-C:C-CMe(OH)-CH:CHCI = 


Aldehyde (VII; R,=R,=R,=H) 2230 
2810 

3140 

(VII; R,=Me, R,=R,=H) 2290 

2820 

3080 

3150 

(VII; R,=R,=H, R,;=Me) 2220 

3100 

CH,:CH-C:C-CMe:CH-CHO 2200 
2820 

2920 

3000 


Ketone (IV; R,=R,=R;=H)? 2450 
3350 
(IV; R,=R,=H, R,;=Me) 2410 

3360 16,500 


Acid (V; R,=R,=R,=H)? 3380 33,000 
2580 14,000 
(V; R,=R,=H, R,=Me) 3390 34,000 


1 Jones and Weedon, /oc. cit. 2 Heilbron, Jones, and Richardson, Joc. cit. 3 Heilbron, Jones, 
Julia, and Weedon, this vol., p. 1823. 


ethyl bromoacetate and zinc, and dehydration of the resulting hydroxy-ester and hydrolysis, 
led to the isolation of the crystalline acid (V; R, = R, = H, R,; = Me), m. p. 205—206°, in 
13% yield. 

This acid produced no growth responses when administered orally, as an aqueous solution 
of the sodium salt buffered to pH 10, to young rats on a diet deficient in vitamin A (the tests 
were carried out at doses which would have revealed activity of the order of one thousandth of 
that of vitamin A itself). 


All compounds described in this paper exhibited the expected light-absorption properties 
(see table). 


EXPERIMENTAL. 


Light-absorption data were determined in ethanol except where stated otherwise. All the operations 
were carried out in an atmosphere of nitrogen. The 2: 4-dinitrophenylhydrazones were purified by 
chromatographic adsorption on alumina from benzene solution. 

1-Chloro-5-cyclohex-1’-enyl-3-methylpent-1-en-4-yn-3-ol (VI; R, = R, = R; = H).—Ethynylceyclo- 
hexene (24 g.) in ether (50c.c.) was added dropwise during 30 minutes to a solution of ethylmagnesium 
bromide (prepared from 6 g. of magnesium) in ether (150 c.c.), and the mixture refluxed for 24 hours. 
After cooling, a solution of methyl 2-chlorovinyl ketone (12 g.; freshly prepared) in ether (50 c.c.) was 
added during 30 minutes and the mixture refluxed for 1 hour and then cooled. The Grignard complex 
was decomposed with ice and ammonium chloride (15 g.), and the product was isolated with ether, and 
heated at 90°/18 mm. to remove excess of ethynylcyclohexene (ca. 9 g.). Distillation of the residue from 
a short-path still gave the carbinol (21-1 g.) as a colourless viscous liquid, b. p. 65° (bath temp.) /10™ mm., 
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nB omg (Found: C, 68-15; H, 7-15. C,,;H,,;OCl requires C, 68-4; H, 7:15%). Light absorption: 
table. 
8° 5-cycloHex-1’-enyl-3-methylpent-2-en-4-yn-1-al (VII; R,= R, = R,; = H).—A mixture of the 
preceding chloro-carbinol (3-4 g.) and sulphuric acid (500 c.c.; 1% w/v) was steam-distilled, and the 
product was isolated from the distillate by ether extraction. After being dried, the ethereal extract 
was evaporated, and the residue distilled giving the crude aldehyde (1-8 g.), b. p. 55°(bath 
temp.)/10 mm. This material was treated with semicarbazide acetate in aqueous methanol, and 
gave the semicarbazone (1-72 g.) which crystallised from alcohol in colourless needles, m. p. 200° 
(decomp.) (Found : N, 17-95. C,3;H,,ON; requires N, 18-15%). Light absorption : Maximum, 3130 a. ; 
= 29,000. 

A mixture of the semicarbazone (1-60 g.; m. p. 200°), sulphuric acid (50 c.c.; 10% w/v), and light 
petroleum (50 c.c.; b. p. 80—100°) was refluxed and stirred vigorously until all the solid had disappeared 
(44 hours). After isolation, distillation gave the aldehyde (0-84 g.) as a yellow liquid, b. p. 45—50° 
(bath temp.) /10~° mm., mf 1-5730 (Found: C, 82-0; H, 8-35. C,,H,,O requires C, 82:75; H, 8-1%). 
Light absorption: see table. The 2: 4-dinitrophenylhydrazone crystallised from alcohol in red prisms, 
m. p. 161° (Found: N, 16-1. C,,H,,0,N, requires N, 15-85%). Light absorption in chloroform 
(main band only): Maximum, 3950 a.; & = 39,000. 

8-cycloHex-1’-enyl-6-methylocta-3 : 5-dien-7-yn-2-one (IV; R, = R, = R,; = H).—A solution of the 
preceding aldehyde (2-61 g.) and aluminium #ert.-butoxide (3-65 g.) in benzene (120 c.c.) and acetone 
(70 c.c.) was refluxed for 48 hours. After cooling, the mixture was poured into cold dilute sulphuric 
acid (200 c.c.; 2-5% w/v) and the organic layer was separated, washed with sodium hydrogen carbonate 
solution and water, and dried, and the solvent evaporated. Distillation of the residue gave the ketone 
(2:13 g.), b. p. 95—105°(bath temp.) /10 mm., nf 1-6070. Light absorption: Maxima, 2300 and 
3340 a.; E}%, = 460 and 920, respectively, indicating a purity of ca. 85%. The 2: 4-dinitrophenyl- 
hydrazone crystallised from alcohol in red needles, m. p. 204°, undepressed on admixture with a specimen 
prepared from the ketone made according to Heilbron, Jones, and Richardson (this vol., p. 287) (Found : 
N, 14-1. C,,H,,0,N, requires N, 14:2%). Light absorption in chloroform (main band only) : 
Maximum, 4100 4.; ¢ = 38,500. The semicarbazone crystallised from alcohol in colourless needles, 
m. p. 190° (decomp.), undepressed on admixture with an authentic specimen. Light absorption : 
Maximum, 3360a.; e¢ = 42,000. Inflexion, 35204.; e© = 26,000 [idem, loc. cit., give m. p. 194° 
(decomp.) (rapid heating). Light absorption: Maximum, 33604.; e¢ = 46,500. Inflexion, 3520 a.; 

= 26,000]. A specimen of the pure ketone, regenerated from the semicarbazone, had b. p. 80—85° 
(bath temp.)/10-> mm., n}f 1-6170. Light absorption: Maxima, 2420 and 3360 4.; e = 15,500 and 
23,000, respectively [idem, loc. cit., give b. p. 80—85°(bath temp.)/10 mm., u}® 1-6185. Light 
absorption : see table]. 

1-Chloro-5-(6 : 6-dimethylcyclohex-1-enyl)-3-methylpent-1-en-4-yn-3-ol (VI; R, = Me, R, = R,; = H). 
—6 : 6-Dimethylethynylcyclohexene (15-8 g.) (Heilbron, Jones, Lewis, and Weedon, this vol., p. 2023) 
in ether (100 c.c.) was added dropwise during 30 minutes to a solution of ethylmagnesium beonitile (from 
2-85 g. of magnesium) in ether (150 c.c.), and the mixture was refluxed for 34 hours. After cooling, a 
solution of methyl 2-chlorovinyl ketone (7-0 g.; freshly prepared) in ether (100 c.c.) was added during 
1 hour, and the mixture was refluxed for 1 hour and then cooled. The Grignard complex was decomposed 
with ice and ammonium chloride, and the product was isolated with ether. After being heated at 
90°/0-1 mm., to remove excess of 6 : 6-dimethyl-l-ethynylcyclohexene (5 g.), the crude carbinol (15-6 g.) 
was obtained as a dark yellow viscous oil. Light absorption: Maximum, 22904.; Ei%, = 540. 
Distillation of a small portion of the product gave the carbinol as a colourless viscous liquid, b. p. 
50—55° (bath temp.) /10-5 mm., jf 1-5228 (Found: C, 71-05; H, 8-4. C,,H,,OCl requires C, 70-6; 
H, 8-2%). Light absorption: see table. 

5-(6 : 6-Dimethylcyclohex-1-enyl)-3-methylpent-2-en-4-yn-1-al (VII; R, = Me, R, = R, = H).—The 
preceding chloro-carbinol (14-0 g.) was added to sulphuric acid (1350 c.c.; 1% w/v) and the mixture 
steam-distilled. The product was isolated with ether giving the crude aldehyde (10-5 g.) as a dark 
yellow liquid. Light absorption: Maxima, 2290 and 30404.; Ei%, = 580 and 520, respectively, 
indicating a purity of ca. 60%. The crude aldehyde (8-0 g.) was treated with semicarbazide acetate in 
aqueous methanol and gave the semicarbazone (4-7 g.) which crystallised from aqueous alcohol in 
colourless needles, m. p. 210° (Found: N, 16-0. C,,;H,,ON, requires N, 16-2%). Light absorption : 
Maximum, 3150 a.; ¢ = 36,000. Inflexion, 3250 a.; © = 29,500. 

Regeneration of the semicarbazone (4:3 g.) gave 5-(6 : 6-dimethylcyclohex-1-enyl)-3-methylpent-2- 
en-4-yn-l-al (2-3 g.) as a yellow liquid, b. p. 55°(bath temp.)/10-° mm., m?? 1-5588 (Found: C, 83-2; 
H, 9-25. C,,H,,O requires C, 83-1; H, 9-0%). Light absorption: see table. The 2 : 4-dinitrophenyl- 
hydrazone crystallised from alcohol in orange prisms, m. p. 153—154° (Found: C, 62-65; H, 6-05. 
C,,H,,0,N, requires C, 62-8; H, 5-8%). Light absorption in chloroform (main band only) : Maximum, 
3910 a.; © =.36,000. 

8-(6 : 6-Dimethylcyclohex-1-enyl)-6-methylocta-3 : 5-dien-7T-yn-2-one (IV; R, = Me, R, = R, = H). 
—A solution of the above aldehyde (2-0 g.; crude) and aluminium fert.-butoxide (4-0 g.) in benzene 
(120 c.c.) and acetone (60 c.c.) was refluxed for 64 hours. Isolation of the product gave the ketone 
(1-52 g.) as a light yellow liquid, b. p. 85—90°(bath temp.) /10 mm., n?} 1-5775. Light absorption : 
Maxima, 2480 and 3220a.; Ei%, = 370 and 720, respectively, indicating a purity of ca. 85%. The 
2: 4-dinitrophenylhydrazone crystallised from alcohol in dark red plates, m. p. 186—187° undepressed 
on admixture with an authentic specimen (Heilbron, Jones, Lewis, and Weedon, this vol., p. 2023, give 
m. p. 187°). The semicarbazone crystallised from aqueous methanol in colourless needles, m. p. 
189—190°, undepressed on admixture with an authentic specimen (idem, loc. cit., give m. p. 187°). 

1-Chloro-5-(4-methylcyclohex-1-enyl)-3-methylpent-1-en-4-yn-3-ol (VI; R,=R, =H, R; = Me).— 
A solution of 4-methyl-l-ethynylcyclohexene (25 g.; Heilbron, Jones, Toogood, and Weedon, this vol., 
p. 2028) in ether (100 c.c.) was added to ethylmagnesium bromide (prepared from 4-9 g. of magnesium) in 
ether (150 c.c.) and the mixture refluxed for 2} hours. The mixture was cooled, and a solution of methyl 
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2-chlorovinyl ketone (13 g.) in ether (100 c.c.) was added during 30 minutes. After being stirred for a 
further 30 minutes at 20° and then 1 hour under reflux, the mixture was again cooled and the Grignard 
complex decomposed with ice and ammonium chloride (15 g.). The product was isolated with ether. 
After being heated at 60°/5 x 10-* mm. to remove excess of 4-methyl-l-ethynylcyclohexene (8-5 g.), the 
crude carbinol (28-2 g.) was obtained as a dark yellow viscous oil. Light absorption: Maximum, 
2290 a.; ES = 720. Distillation of a small portion of the product gave the carbinol as a colourless 
viscous liquid, b. p. 75—80°(bath temp.) /10-* mm., nj}? 1-5232 (Found: C, 69-95; H, 7-85. C,3;H,,0C1 
requires C, 69-45; H, 7-75%). Light absorption: see table. 

5-(4-Methylcyclohex-1-enyl)-3-methylpent-2-en-4-yn-1-al (VII; R, = R, = H, R; = Me).—The pre- 
ceding chloro-carbinol (28-2 g.; crude) was divided into 3 approximately equal portions and each was 
added to sulphuric acid (1200 c.c.; 1% w/v) and the mixtures steam-distilled. The distillates were 
combined, and the product isolated with ether giving the crude aldehyde (17-7 g.) as a dark yellow 
liquid. Light absorption: Maxima, 2220 and 3090 4.; E{%, = 650 and 425, respectively, indicating 
a purity of ca. 65—70%. The crude aldehyde (2-0 g.) was treated with semicarbazide acetate in aqueous 
methanol, and gave the semicarbazone (0-90 g.) which crystallised from aqueous alcohol in colourless 
needles, m. p. 205° (Found: C, 68-25; H, 7-45. C,,H,ON,; requires C, 68-5; H, 7-8%). Light 
absorption: Maxima, 3090 and 3280 4.; ¢ = 26,500 and 21,500, respectively. 

Regeneration from the semicarbazone (0-70 g.; m. p. 205°) gave the aldehyde (0-40 g.) as a yellow 
liquid, b. p. 50—55° (bath temp.) /10~ mm., n? 1-5600 (Found: C, 82-4; H, 8-45. C,;H,,O requires 
C, 82-9; H, 855%). Light absorption: see table. The 2 : 4-dinitrophenylhydrazone crystallised from 
acetic acid in red prisms, m. p. 178° (Found: C, 61-9; H, 5-1. CygHyO,N, requires C, 61-95; H, 
5-55%). Light absorption in chloroform (main band only) : Maximum, 3940 a.; ¢ = 39,500. 

8-(4-Methylcyclohex-1-enyl)-6-methylocta-3 : 5-dien-7-yn-2-one (IV; R,=R,=H, R,; = Me).— 
A solution of the preceding aldehyde (17-7 g.; crude) and aluminium #ert.-butoxide in benzene (600 c.c.) 
and acetone (400 c.c.) was refluxed for 62 hours. The product was isolated and distilled, giving the 
ketone (13-4 g.) as a yellow viscous liquid, b. p. 95°(bath temp.)/10°?mm. Light absorption : Maxima, 
2310 and 33504.; E}%, = 500 and 720, respectively, indicating the presence of only traces of 
impurities. A portion (2-4 g.) of this material was treated with an excess of semicarbazide acetate in 
aqueous methanol and gave the semicarbazone (1-2 g.) which crystallised from aqueous alcohol in pale 
yellow needles, m. p. 171° (Found: N, 14-75. C,,H,,;ON; requires N, 14-75%). 

A mixture of the semicarbazone (1-0 g.; m. p. 171°), dilute sulphuric acid (50 c.c.; 10% w/v), and 
light petroleum (50 c.c.; b. p. 80—100°) was refluxed and stirred vigorously until all the solid had 
disappeared (45 minutes). Isolation gave the ketone (0-55 g.) as a yellow viscous oil, b. p. 80—85° (bath 
temp.) /10-* mm., n}** 1-5850 (Found: C, 84-2; H, 9-15. C,gH,O requires C, 84-15; H, 8-85%). 
Light absorption: see table. The 2: 4-dinitrophenylhydrazone crystallised from acetic acid in dark 
red plates, m. p. 197° (Found: C, 64-25; H, 5-75. C,,H,,0O,N, requires C, 64-65; H, 5-9%). Light 
absorption in chloroform (main band only) : Maximum, 4100 4.; ¢ = 38,000. 

8-(4-Methylcyclohex-1-enyl)-2 : 6-dimethylocta-1 : 3 : 5-trien-T-yn-1-carboxylic Acid (V; R, = R, = H, 
R, = Me).—A mixture of the above ketone (6-45 g.), ethyl bromoacetate (5-6 g.), activated zinc turnings 
(2-1 g.), mercuric chloride (0-1 g.), and dry benzene (125 c.c.) was heated under reflux for 1 hour, during 
which time most of the zinc dissolved. The dark red mixture was cooled, decanted from unreacted 
zinc, and shaken with acetic acid (200 c.c.; 5% w/v). The benzene layer was separated, washed free of 
acid, and dried and the solvent evaporated giving the crude hydroxy-ester (9-2 g.), m?$ 1-538. Light 
absorption : Maxima, 2270, 2820, and 2910 a.; E{%, = 540, 500, and 500, respectively. 

A mixture of the hydroxy-ester and anhydrous oxalic acid (25 g.) was heated at 90—100°/0-05 mm. 
for3hours. After being cooled, the residue was extracted with light petroleum (300 c.c.; b. p. 60—80°), 
and the extract was washed with water and dried, and the solvent evaporated, yielding the unsaturated 
ester (6-9 g.), n?° 1-586. Light absorption: Maxima, 2600, 2800, and 3430 4.; Ei%, = 440, 360, and 
460, respectively. 

The ester was dissolved in a solution of potassium hydroxide in methanol (300 c.c.; 10% w/v) and 
kept at 20° for 48 hours. Water (1 1.) was then added, the non-saponifiable material was extracted with 
ether and the aqueous layer was acidified to pH 4—5 with phosphoric acid (ca. 100 c.c.; 50% w/v), 
The liberated acid was extracted with ether, and the extract was washed with water, dried, and 
evaporated. The residual brown gum was triturated with light petroleum (5 c.c., b. p. 40—60°). The 
solid (1-46 g.) thus obtained was recrystallised from methanol giving the acid (1-00 g.) as pale yellow 
needles, m. p. 205—206° (Found: C, 79-65; H, 8-45. C,,H,,O, requires C, 79-95; H, 8-2%). Light 
absorption : see table. 
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By Rospert D. HawortH, JAMES McKENnNA, and GorDOoN H. WHITFIELD. 


The ultra-violet absorption spectra of conessine and its derivatives have been examined, 
and as a result three partial formule, (II), (III), and (IV), have been proposed for the 
pregnatriene, C,,Hy, obtained by Spath and Hromatka (loc. cit.). Hofmann degradation of 
conessine metho-salts under a variety of conditions has been investigated, and it is concluded 
that the conjugated diene system present in apoconessine is derived from the original double 
bond in conessine and the double bond introduced during the elimination of trimethylamine. 

Conessine and dihydroconessine metho-salts are isomerised to some extent by alkali, and 
the new bases heteroconessine and its dihydvo-derivative have been isolated. Direct pyrolysis 
of dihydroconessine dimethohydroxide, however, gave a base, C,,H,,N,, probably formed by 
rupture of the heterocyclic ring of the alkaloid. 

A small yield of 5-wdlopregnane is obtained by Emde reduction of hexahydroapoconessine 
methochloride. 


In Part I (this vol., 831) the conversion of conessine into 5-allopregnane (I) was described 
and it was concluded that the structural formula of the alkaloid was derived from (I) by the 
insertion of a dimethylamino-group, a cyclic methylimino-group, and one double bond. 
Although a complete solution of this problem has not yet been reached, the present 
communication includes a number of observations which have a bearing on the structural 
position, excluding several possible formule for the base and its degradation products. 

The ultra-violet absorption spectra of conessine, meoconessine (Siddiqui and Vasisht, J. Sci. 
Res. India, 1945, 3, 559), tsoconessine (Siddiqui, Proc. Indian Acad. Sci., 1935, 2, 426), hetero- 
conessine (see below), dihydroconessine (Spath and Hromatka, Ber., 1930, 63, 126) and dioxy- 
conessine (Warnecke, Ber., 1886, 19, 60, 78, 1682) exhibit no maximum in the region examined 
(log ¢ in ethanol for these six bases at 2120 A. is approximately 3-1) and it may be concluded 
that neither conessine nor any of the isomers and derivatives listed above contains a vinyl- 
amine group (see Bowden; Braude, Jones, and Weedon, /J., 1946, 46). apoConessine, C,,H,,N 
(Kanga, Ayyar, and Simonsen, /J., 1926, 2123; Spath and Hromatka, loc. cit.), and the 
levorotatory pregnatriene C,,H3,) (Spath and Hromatka, loc. cit.) have identical absorption 
spectra in ethanol, showing a peak at 2350+ 5a. (log e« 4°3). apoConessine must also, 
therefore, be devoid of a vinylamine group, otherwise a marked difference in the spectra would 
be expected on account of the additional chromophoric effect of the heteroenoid group 
(cf. Bowden et al., loc. cit.). The presence of a diene system in the pregnatriene is suggested by 
the yellow colour which is developed in acetic acid solution with p-nitrobenzenediazonium 
chloride and by the red colour developed in 90% trichloroacetic acid (Rosenheim, Biochem. J., 
1929, 23, 47; Schénheimer and Evans, J. Biol. Chem., 1936, 114, 567), and as a result of earlier 
spectroscopic studies in the steroid field it is also possible to deduce from the maximum at 
2350 a. that both apoconessine and the pregnatriene contain a conjugated diene system 
distributed either between two different rings or between a ring and a side chain (Fieser and 
Campbell, J. Amer. Chem. Soc., 1938, 60, 160). Nine conjugated diene structures of the above 
types may be advanced for the pregnatriene. Woodward (J. Amer. Chem. Soc., 1942, 64, 72) 
and Fieser, Fieser, and Rajagopalan (J. Org. Chem., 1948, 18, 800) have, however, pointed out 
that the Anax, of steroid dienes of this type may be calculated by adding to the Amax, of the 
parent buta-1 : 3-diene (taken for the purposes of such calculations as 2170 a. by Woodward 
and 2140 a. by Fieser e¢ al.) 50 a. for each alkyl substituent and 50 a. for each exocyclic double 
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H (1) (III.) 


bond. On this basis the etre structure is limited to (II), (III), or (IV), with a third 
isolated double bond, but we are unable to decide between these three alternatives at the moment. 
Of the six excluded structures five would be expected to show a Amax, at 2440 a. and the sixth 
at 2240 a. (if the butadiene value given by Fieser ef al. is used); the calculated value of 2340 a. 
from (II), (III), and (IV) is in good agreement with experiment. 

Important evidence that the conjugated diene system of apoconessine is produced from the 
original conessine double bond and the double bond introduced by the elimination of the 
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dimethylamino-group as trimethylamine has been obtained by a detailed study of the Hofmann 
degradation of conessine dimethohydroxide. The yields of apoconessine obtained by the 
methods reported by Kanga, Ayyar, and Simonsen (loc. cit.) and Spath and Hromatka (loc. cit.) 
were found to be variable and often unsatisfactory; but the simple pyrolysis process described 
in the Experimental section gives apoconessine in yields consistently exceeding 60%. Heating 
conessine dimethiodide with a large excess of potassium hydroxide in ethylene glycol or aqueous 
ethylene glycol (cf. Julian, Meyer, and Printy, J. Amer. Chem. Soc., 1948, 70, 887) gave a mixture 
of apoconessine, a methiodide C,,H,,N,CH,I, and a new base, m. p. 131°, isomeric with conessine 
and for which the name heteroconessine (see below) is proposed, in addition to non-crystalline 
products. The methiodide C,,H,;,N,CH;I, which was sparingly soluble in water but readily 
soluble in chloroform, was clearly formed by elimination of the dimethylamino-group of 
conessine, and when the corresponding methohydroxide was pyrolysed in vacuo apoconessine 
was produced. The ultra-violet absorption spectrum of the methiodide C,,H,,N,CH,I in 
ethanol was identical with that of apoconessine methiodide and had a flat peak between 
-~2210 and 2280 a. (log « 4°4). The extinction curve appeared to be additively composed of the 
separate contributions of the iodide anion, which has, in ethanol, Anax. 21704. (log. ¢ 4:1) 
(Landolt-Bérnstein, ‘‘ Physikalisch-Chemische Tabellen,” 5th edn., 3rd Suppl., Part 2, 
p. 1333) and of apoconessine; subtraction of the iodide contributions to the total extinction at 
each wave-length left a curve with Ayax, 23504. (log « 4:2). In the same way conessine 
dimethiodide gave a curve corresponding to its anion. The methochloride corresponding to 
the new methiodide C,.H,,N,CH,I, like apoconessine methochloride, had Ax, 2350 A. in ethanol, 
but its very hygroscopic properties made it impossible to determine its extinction coefficient 
reliably (the highest value observed for log « was 3°9 at 23504.). It is concluded that the 
new metho-salts have the same diene system as apoconessine, being intermediate between the 
latter base and the conessine dimetho-salts; and, as the elimination of the dimethylamino- 
group leads to the introduction of only one double bond, the diene system in the new metho- 
salts and in apoconessine must be derived from the original double bond of the alkaloid and 
the double bond formed during the elimination of the dimethylamino-group. 

The new base, heteroconessine, m. p. 131°, which gave an oxalate sparingly soluble in water, 
was unsaturated to acidified potassium permanganate and liberated iodine from potassium 
iodate—dilute sulphuric acid in acetic acid. When reduced in acetic acid in the presence of a 
palladium-charcoal catalyst, one mole of hydrogen was absorbed with the formation of dihydro- 
heteroconessine, C.4H,.N,, m. p. 101—103°. This saturated dihydro-derivative was also 
encountered during some experiments with dihydroconessine, m. p. 105°, prepared in almost 
quantitative yield and without the formation of isomers by the reduction of conessinge. When 
dihydroconessine dimethohydroxide was heated in boiling ethylene glycol, it was converted 
into a mixture of bases containing dihydroconessine and dihydroheteroconessine, which were 
separated by fractional crystallisation from acetone. The isomerisation of conessine and 
dihydroconessine by way of the dimetho-salts to heteroconessine and dihydroheteroconessine 
respectively will be further investigated; conessine itself was found to be unaffected by 
prolonged boiling with alcoholic potassium hydroxide or with a solution of sodium in ethylene 
glycol. 

Direct pyrolysis of dihydroconessine dimethohydroxide yielded no trimethylamine but 
gave a basic mixture from which a small amount of an unsaturated crystalline base, m. p. 66—70°, 
was isolated by chromatography. This compound was formed in almost theoretical yield 
when the pyrolysis was conducted in vacuo, but its high solubility rendered purification difficult, 
and analysis suggests that it is probably an impure specimen of the diacidic methine C,;HyN,, 
formed by rupture of the heterocyclic ring. The retention of the dimethylamino-group in 
this case is to be contrasted with the very ready elimination of this group as trimethylamine 
during the pyrolysis of conessine dimethohydroxide (Kanga, Ayyar, and Simonsen, /oc. cit.; 
Spith and Hromatka, Joc. cit.). This is understandable in view of the formation of the 
conjugated diene system in the latter instance; if the conessine double bond were +8 to the 
nitrogen of the dimethylamino-group, allylic activation of the 8-proton would be an additional 
factor favouring the elimination. 

Spath and Hromatka (loc. cit.) showed that catalytic reduction of apoconessine in acetic 
acid gave hexahydroapoconessine and a small quantity of a product yielding a picrate, m. p. 
260°. We find that the latter product is a quaternary acetate, readily soluble in water, which 
with potassium iodide gave a crystalline methiodide, m. p. 303—304°. Analyses of the picrate 
and methiodide are in agreement with the formula C,,H,,N for the base, and this 
remarkable formation of a quaternary salt during catalytic reduction requires further 
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investigation although strychnine chemistry contains an analogous case (Achmatowicz and 
Robinson, J., 1934, 581). Hexahydroapoconessine was recovered from attempted degradation 
of its metho-salts by Hofmann’s method and no other product was isolated. A considerable 
quantity of hexahydroapoconessine was also recovered when its methochloride was reduced 
with sodium amalgam (Emde reaction), although in this case a small yield of hydrocarbon was 
obtained from which 5-allopregnane, m. p. 81—82°, was isolated. It follows that hexahydro- 
apoconessine has the same steric configuration as 5-allopregnane, and the difficulty encountered 
in the Emde degradation contrasts sharply with the relative ease with which apoconessine 
methochloride undergoes the reaction (Spath and Hromatka, Joc. cit.); the presence of an 
allylamine system in apoconessine would provide an explanation of this difference. 


EXPERIMENTAL, 


Hofmann Degradation of Conessine Dimetho-salis.—(a) Pyrolysis of conessine dimethohydroxide. 
Conessine dimethiodide (8 g.), m. p. 330°, dissolved in water (100 c.c.), was shaken for 12 hours with 
excess of freshly prepared silver oxide. After addition of water (150 c.c.), the silver salts were allowed 
to settle, and the supernatant liquors were decanted and boiled for 5 minutes to coagulate suspended 
silver salts, which were again allowed to settle. The clear decanted mother-liquors were then 
evaporated over a free flame in small portions (50 c.c.) in a 250-c.c. conical flask, and the residue was 
carefully ignited until evolution of trimethylamine ceased. The base was dissolved in ether and washed 
well with water, the ethereal layer dried, and the solvent removed. The total residual apoconessine 
(3-2 g.) crystallised from methanol in needles, m. p. 68°. Addition of potassium iodide to the aqueous 
washings gave a little conessine dimethiodide, m. p. 330° after recrystallisation from water (Found : 
I, 37-1. Calc. for C,,H,)N,,2CH;1,3H,O : I, 36-6%). 

(b) Action of potassium hydroxide on conessine dimethiodide in ethylene glycol or aqueous ethylene 
glycol : heteroconessine and the methiodide C,,H,,N,CH,I. Small yields of these two compounds were 
obtained in preliminary experiments when conessine dimethiodide was refluxed for 2—3 hours with 
3—4 times its weight of potassium hydroxide in 70% a ethylene glycol. Numerous attempts 
were made to improve the yields, and an experiment typifying the conditions later adopted is described 
below. Separation of the products made use of the following solubility relations observed in salts of the 
conessine series. Conessine and its isomeric diacidic bases give sulphates which are readily soluble in 
water or dilute sulphuric acid, but oxalates which are sparingly soluble in cold water; monoacid bases, 
such as @poconessine, give very sparingly soluble sulphates. Dimethiodides, such as conessine 
dimethiodide, are readily soluble in water but not in chloroform, but monomethiodides of monoacidic 
bases are sparingly soluble in water, readily soluble in chloroform, and naturally unaffected by further 
treatment with methyl iodide. The monomethiodides of diacidic bases are also sparingly soluble in 
water, but soluble in chloroform, and may be separated from the metho-salts of monoacidic bases by 
dissolution in dilute acetic or hydriodic acid, or by conversion by methyl iodide into dimetho-salts, 
which then show solubility in water but not in chloroform. 

A solution of conessine dimethiodide (4 g.) in warm ethylene glycol (30 c.c.) was mixed with a 
solution of potassium hydroxide (12 g.) in warm ethylene glycol (30 c.c.), and the mixture boiled very 
gently for 5 minutes. The odour of volatile amine was evident, and the solution became cloudy. The 
solution was cooled, mixed with water (90 c.c.), and extracted 3 times with 50-c.c. lots of chloroform. 
The extract was washed thrice with water, the solvent removed, and the residue separated into a basic 
oil (1-0 g.), soluble in ether, and a monomethiodide (1-1 g.), insoluble in ether. The basic oil contained 
some apoconessine which was separated as the insoluble sulphate, and the recovered apoconessine had 
m. p. 68° (from ethanol), undepressed on admixture with an authentic specimen; the residual base 
generally could not be obtained crystalline. The dilute glycol liquors and aqueous washings containing 
dimethiodide were clarified with charcoal, concentrated until the temperature of the boiling liquid 
was 150°, and then refluxed for 3 hours; no odour of trimethylamine was noted, but potassium iodide 
and an insoluble oil gradually separated. The mixture was extracted with chloroform, the extract was 
well washed with water and then evaporated, and the heteroconessine again separated with ether. The 
base was dissolved in hot dilute sulphuric acid, cooled, filtered from a trace of precipitated apoconessine 
sulphate, recovered by addition of aqueous ammonia, and re-isolated with ether (yield, 0-1 g.). 

heteroConessine was purified by sublimation at 220° (bath temp.) /0-005 mm. and crystallised from 
acetone in prismatic needles, m. p. 130—131° (Found: C, 80-8; H, 10-9; N, 7-5. C,H gN, requires 
C, 80-9; H, 11-2; N, 7-9%), depressed very considerably by admixture with conessine, m. p. 137—1 28°, 
or with neoconessine (Siddiqui and Sharma, Joc. cit.). A solution of the base in cold dilute sulphuric 
acid reduced potassium permanganate, and, when it was boiled with dilute sulphuric acid and potassium 
iodate, iodine was liberated. 

The monomethiodide fraction (1-1 g.) obtained above was dissolved in methanol and refluxed for 
3 hours with excess of methyl iodide. The solvents were removed, the residue was dissolved in 
chloroform and extracted 3 times with warm water, and the chloroform was evaporated off. The residue 
- (0-4 g.) was recrystallised from aqueous methanol, giving the new monomethiodide (0-1 g.). A second 
crop was shown by analysis to contain considerable dimethiodide. 

The monomethiodide crystallised from water in rectangular plates, m. p. 325° (decomp., but no odour 
of volatile base) (Found: N, 2-8, 2-95; I, 28-0. C,3H,,N,CH,I requires N, 3-1; I, 28-0%), giving a 
marked depression with conessine dimethiodide, m. pe 330° (decomp., with an odour of volatile base). 
The compound is very ey, soluble in cold and only moderately so in hot water, but dissolved 
teadily in chloroform. It was recovered unchanged after crystallisation from dilute acetic acid or 
further treatment with methyl iodide. The corresponding methochloride was very soluble in water or 
ae. and sparingly soluble in acetone, ethyl acetate, or ether; it was obtained, by addition of 
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ether to a methanol solution, as a white, very hygroscopic powder which on heating shrank at 80° (loss 
of water) and melted with decomposition at 220°. : 

The yields of heteroconessine and of the new monomethiodide obtained by the above procedure are 
somewhat variable, and further work isin progress. Vigorous refluxing at the initial stage, or prolonging 
the time of heating to 40 minutes, had a very adverse effect, giving an increased yield of apoconessine 
and non-crystalline base. In one experiment, where the reaction mixture was initially boiled gently 
for 25 minutes, the yield of heteroconessine was increased considerably, but that of the new 
monomethiodide was very much reduced. 

Production of apoConessine from the Methiodide C,,H,,N,CH,I.—The methiodide (50 mg.) in 50% 
aqueous methanol (15 c.c.) was shaken for 4 hours with excess of freshly prepared silver oxide, the 
mixture boiled and filtered, and the clear filtrate evaporated to a low bulk over a naked flame and 
finally on the water-bath at 15 mm. The residue was then heated at 150° (bath temp.) /0-05 mm,: 
a colourless oil distilled, which solidified on treatment with methanol (yield, 20 mg.; m. p. 60—62°) 
After crystallisation from methanol the base was obtained as long needles, m. p. 68—69°, undepressed 
on admixture with an authentic specimen of apoconessine of the same m. p. 

The direct-pyrolysis procedure described above for conessine dimethohydroxide also gave some 
apoconessine, but the vacuum procedure appeared to be better for the small quantities involved. 

Reduction of heteroConessine.—A solution of heteroconessine (60 mg.) in acetic acid (5 c.c.) was 
shaken in hydrogen with 15% palladium-charcoal (0-25 g.) at 15°. Hydrogen uptake (3-8 c.c. Cale, 
for one double bond, 3-9 c.c.) proceeded slowly and ceased after 48 hours. The mixture was filtered, 
the solvent was removed under reduced pressure, and the dihydroheteroconessine, liberated with aqueous 
ammonia and isolated with ether, crystallised from acetone in colourless needles, m. p. 101—103° (Found: 
C, 79-8; H, 11-5; N, 7-9. C,,H,,N, requires C, 80-4; H, 11-8; N, 7-8%), unaffected by treatment with 
potassium permanganate or iodate in dilute sulphuric acid, and identical with the compound obtained 
during Hofmann degradation of dihydroconessine dimethohydroxide (see below). 

Dihydroconessine.—Conessine (1-5 g.) in acetic acid (75 c.c.) was shaken in a hydrogen atmosphere 
in the presence of 15% palladium-—charcoal (2 g.) at 10°. After 8 hours absorption of hydrogen (105 c.c. 
Calc. for one double bond, 99 c.c.) was complete; the solvent was removed, and the base, isolated in 
the usual way, separated from acetone in colourless prisms (1-4 g.), m. p. 105° (Spath and Hromatka, 
loc. cit., give m. p. 105—105-5°). The base did not liberate iodine when warmed with iodate in dilute 
sulphuric acid, and there was no evidence of the formation of a second isomer during the reduction. 
The dimethiodide, prepared in boiling methanol, separated from methanol in irregular colourless prisms, 
m. p. 337° (decomp.) (Found: N, 4-4; I, 39-5. Calc. for C,gH,,N,,2CH,I: N, 4-3; I, 39-2%) (Bertho, 
Annalen, 1943, 555, 214, gives m. p. 303—304°). 


Attempted Hofmann Reaction on Dihydroconessine Dimethiodide.—(a) An aqueous solution of dihydro- 
conessine dimethiodide was converted into the corresponding dimethohydroxide in the usual way. An 
aliquot portion corresponding to dihydroconessine (0-6 g.) was evaporated to a small volume, ethylene 
glycol (10 c.c.) added, and the solution evaporated to a volume of 3c.c. After refluxing under an air- 


condenser for 30 minutes, the solution was cooled and diluted with water, and excess of potassium iodide 
was added. The solution was extracted with chloroform, and the extract was washed and evaporated. 
The residual viscous oil (0-55 g.), which dissolved in ether leaving only a trace of insoluble methiodide, 
was fractionally crystallised from acetone and yielded crude dihydroconessine (3 mg.), m. p. 97—99°, 
and dihydroheteroconessine (50 mg.), m. p. 100—102° (Found: C, 79-9; H, 11-4; N, 8-0%), depressed 
by admixture with dihydroconessine to 85—90° but undepressed by admixture with dihydrohetero- 
conessine described above. With aqueous ethylene glycol at 140° (3 hours) dihydroconessine dimetho- 
hydroxide (equivalent to 0-3 g. of dihydroconessine) gave a mixture of bases (0-06 g.) similar to that 
obtained above, and after treatment with potassium iodide gave a methiodide, white nodules from 
water, m. p. 325°, soluble in chloroform, hot water, and cold dilute acetic acid, and. giving analytical 
figures indicative of dihydroconessine monomethiodide or an isomer (Found: N, 5-5; I, 26-26. 
C.,H,.N,,CH,I requires N, 5-6; I, 25-4%). 

(b) Methine. Dihydroconessine dimethiodide (2 g.) was converted into an aqueous solution of the 
dimethohydroxide in the usual way and the solution evaporated, finally at 15 mm. The residue was 
heated at 190° (bath temp.) /0-04 mm., and the colourless oil which distilled was dissolved in ether; the 
solution was washed and evaporated, and the crystalline residue (0-85 g.), which was extremely soluble 
in the usual organic solvents, treated with a warm mixture of 5 c.c. of concentrated hydrochloric acid 
and 10 c.c. of water and then cooled to ~0°. An insoluble hydrochloride which separated was collected 
(30 mg.); it recrystallised from water in colourless needles, m. p. 280° (Found, in material dried at 
100° for 3 hours over phosphoric oxide: N, 3-0; Cl, 10-6%); the nature of this salt will be discussed 
in a later paper. The base was recovered from the filtrate by addition of aqueous ammonia and 
re-isolated with ether, which was evaporated; the benzene solution of the residue was poured through 
a 15 x l-cm. column of alumina. Elution with large volumes of benzene gave only a small quantity 
of base saturated to permanganate; the bulk of the substance was not eluted by alcohol or acetone, 
but only by pyridine. The residue obtained on evaporating the pyridine crystallised from aqueous 
acetone, whereupon the methine was obtained as long colourless needles, m. p. 66—70° to a cloudy melt 
(Found: C, 78:7; H, 12-1; N, 8-0. C,,H,,N, requires C, 80-6; H, 11-8; N, 7-5%). A solution of 
the base in dilute sulphuric acid was strongly reducing to permanganate, but did not liberate iodine 
when boiled with potassium iodate. 

Reduction of apoConessine.—apoConessine (2-32 g.) in acetic acid (40 c.c.) was reduced in the presence 
of 10% palladium-charcoal (0-9 g.) at 15°. Two moles of hydrogen were rapidly absorbed, but reduction 
required 65 hours (hydrogen uptake, 483 c.c. Calc. for 3 double bonds, 505 c.c.). After removal of 
the catalyst and solvent, basifieation and extraction with ether yielded crude hexahydroapoconessine 
(1-86 g.), m. p. 66—67° after two crystallisations from methanol (Spath and Hromatka, Joc. cit , give 
m. p. 68—69°), giving a methiodide which crystallised from methyl alcohol in colourless needles, m. p. 
253° (Found: N, 2-9. C,;H,,N,CH,I requires N, 3-0%). The methanolic mother-liquors from the 
recrystallisation of the hexahydroapoconessine gave a colourless oil, saturated to acid permanganate, 
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yielding a methiodide which ted from methanol in colourless needles, m. p. 237—238° (Found : 
C, 61-1; H, 89; N, 2-9; I, 26-5. C,,H,,N,CH,I requires C, 60-9; H, 9-3; N, 3-0; I, 26-8%), which 
may be an isomer of the hexahydroapoconessine methiodide. 

After removal of the hexahydroapoconessine with ether, extraction of the yellow aqueous liquors 
from the reduction mixture with chloroform gave a fawn-coloured amorphous powder (0-3 g.), yieldin 
a picrate which crystallised from methanol as yellow needles, m. p. 261—262° (Found: N, 10-1. Calc. 
for CygHy.O,N,: N, 10-0%) (Spath and Hromatka, Joc. cit., give m. p. 255—256°). The amorphous 

wder gave with potassium iodide in aqueous solution a crystalline quaternary iodide, which separated 

m alcohol in colourless prisms, m. p. 303—304° (Found: C, 60-2; H, 9-0; N, 3-0. C,,H;,N,CH,I 
requires C, 60-4; H, 8-8; N, 3:1%). 

Action of Sodium Amalgam on Hexahydroapoconessine Methochloride.—Hexahydroapoconessine metho- 
chloride separated from methanol in colourless rectangular needles, m. p. 315—318° (Found: N, 3-8; 
Cl, 8:7. Cy3H,,N,CH,Cl requires N, 3-7; Cl, 9-3%). This salt (0-2 g.) in water (100 c.c.) was heated on 
the steam-bath, and a continuous stream of carbon dioxide was passed through the solution during the 
addition, during 2 hours, of 5% sodium amalgam (80 g.). Extraction with ether gave an oil (0-19 g.), 
which was dissolved in light petroleum. Basic material was precipitated as hydrochloride, from which 
hexahydroapoconessine, m. p. 67°, was recovered. The residual light petroleum liquors yielded a crude 
hydrocarbon (40 mg.), m. p. 51—63°, which was dissolved in light petroleum (b. p. 40—60°) (2 c.c.), 

ured through an alumina column, and eluted with light petroleum (b. p. 40—60°). Repeated 
recrystallisation of the product from methanol-ether, and sublimation at 0-005 mm. (bath temp. 120°), 
gave 5-allopregnane (2 mg.), m. p. 81—82°, undepressed by admixture with a sample of 5-allopregnane 
prepared from progesterone. 


Our thanks are due to the University for the award of a Henry Ellison Fellowship to G. H. Whitfield, 
and to Messrs. Imperial Chemical Industries, Limited, for a grant which has defrayed some of the 
expenses of this investigation. 
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659. Glucose-2 Phosphate: Its Preparation and Characterisation 
by Hydrolysis Studies. 


By (Mrs.): KATHLEEN R. FARRAR. 


p-Glucose-2 phosphate and f-hexahydrobenzyl-p-glucoside-2 phosphate have been prepared 
in the form of potassium salts and their rates of acid and alkaline hydrolysis studied. The 
general problem of carbohydrate phosphoric-ester hydrolysis is discussed. 


D-GLUCOSE-2 PHOSPHATE has not previously been made by an unequivocal method, though 
Courtois and Ramet (Bull. Soc. Chim. biol., 1945, 27, 614) prepared 2-phosphogluconic acid, 
characterised by periodate oxidation, from the mixture of phosphorylated hexoses known as 
Hatano’s ester (Biochem. Z., 1925, 159, 175), and later, Fleury, Courtois, and Desjobert (Bull. 
Soc. chim., 1948, 15, 694) described experiments using glucose-2 phosphate prepared from 
Hatano’s ester, but no details of the fractionation are given and no rotations are recorded. 
Levene and Meyer (J. Biol. Chem., 1921, 48, 233) prepared an impure ester, probably mainly a 
2-phosphate, by phosphorylation of 3 : 5 : 6-trimethyl «- and 8-methylglucosides. 

In the present investigations, phosphorylation of 3 : 4 : 6-triacetyl 8-benzyl-p-glucoside (I) 
(Reynolds, J., 1933, 323) with diphenyl chlorophosphonate (Brigl and Miiller, Ber., 1939, 72, 
2121) yielded the diphenyl 2-phosphoric ester (II). On catalytic hydrogenation (Adams’s 
catalyst) some reducing material was formed, but the only crystalline product isolated was a 
non-reducing substance which analysed correctly for 3:4: 6-triacetyl B-hexahydrobenzyl-v- 
glucoside-2 phosphoric acid (III). It was converted by potassium metthoxide into dipotassium 
p-hexahydrobenzyl-D-glucoside-2 phosphate (IV). This behaviour of the benzyl group on 
catalytic hydrogenation is in accordance with the results of Richtmyer (J. Amer. Chem. Soc., 
1934, 56, 1633). Attempts were made to remove the benzyl group by using a palladium-black 
catalyst, followed by Adams’s catalyst for subsequent removal of the phenyl groups, but the 
product after deacetylation was always deficient in phosphorus. 

The reaction of diphenyl chlorophosphonate with the recently available 1 : 3 : 4 : 6-tetra- 
acetyl 6-p-glucose (V) (Hardegger and Pasenal, Helv. Chim. Acta, 1948, 31, 281) gave, in good 
yield, diphenyl 1: 3 : 4 : 6-tetra-acetyl 8-p-glucose-2 phosphate (V1), which on hydrogenation with 
Adams’s catalyst in methanol was converted into 1 : 3 : 4 : 6-tetra-acetyl B-D-glucose-2 phosphate 
(VII). Unlike Fischer and Lardy’s 1: 2:3: 4-tetra-acetyl 6-p-glucose-6 phosphate (J. Biol. 
Chem., 1946, 164, 513), this compound was very soluble in ethanol. Deacetylation with 
potassium methoxide in methanol gave, in almost theoretical yield, dipotassium glucose-2 
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phosphate (VIII) as a white powder, [«]}? +15° in water (c = 2) and [a]f? + 24°4°, rising to +.35° 
after 4 hours, in N/10-sulphuric acid. 
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The unimolecular velocity constant for the hydrolysis of glucose-2 phosphate with 
n/10-sulphuric acid remained constant with time, indicating the purity of the material (cf. 
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1942, 9, 570). Table I shows the half 


hydrolysis periods of glucose-2 phosphate and other phosphoric esters under acid or alkaline 


conditions. 


Substance. 
Glucose-1 phosphate 


Glucose-2 phosphate 


1 : 2-5 : 6-Diisopropylidene 
glucose-3 phosphate 

1 : 2-isoPropylidene 
glucose-3 phosphate 

Glucose-6 phosphate, 

1 : 2-is ?ropylidene 
glucose-6 phosphate 

Mannose-6 phosphate 

Fructose-1 phosphate 


Fructose-6 phosphate 
2-Phosphogluconic acid 


TABLE I, 


Conditions. 
of hydrolysis. 


0-25N-HCI at 37° 


0-1N-H,SO, at 100° 
0-1nN-NaOH at 100° 
0-1N-H,SO, at 100° 


n-Ba(OH), at 100° 


0-1N-H,SO, at 100° 
N-Ba(OH), at 100° 


0-1N-H,SO, at 100° 
0-1N-HCI at 100° 


0-1n-HCI at 100° 
N-H,SO, at 100° 
n-NaOH at 100° 


Half 
hydrolysis 
period. 

230 mins. 


Ref. 

Cori, Colowick, and Cori, J. Biol. Chem., 
1937, 121, 465. 

This paper. 

This paper. 

Levene and Yamagawa, J. Biol. Chem., 
1920, 43, 323. 

Percival and Percival, J., 1945, 874. 


137 mins. 
97 mins. 
525 mins. 


3 days 


38-5 hours Robison, Biochem. J., 1932, 26, 291. 
ca.3 days Percival and Percival, Joc. cit. 


38-5 hours Robison, loc. cit. 

33 mins. Tanko and Robison, Biochem. J., 1935, 
29, 961. ; 
Fleury, Courtois, and Desjobert, loc. cit. 

Courtois and Ramet, loc. cit. 
Courtois, Ann. Ferment., 1943, 8, 105. 


275 mins. 
16 hours 
9 hours 
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When §-hexahydrobenzylglucoside-2 phosphate was hydrolysed by n/10-sulphuric acid at 
100°, it was found that , calculated for a unimolecular reaction, increased from 2°9 x 10- after 
30 minutes to 61 x 10° after 540 minutes. It may be inferred from this that 8-hexahydro- 
benzylglucoside-2 phosphate is much more slowly hydrolysed than the glucose-2 phosphate 
(k = 8°4 x 10°) to which it will give rise on hydrolysis of the glycosidic grouping. This is in 
accordance with the results set out in the table, from which it can be seen that carbohydrate 
phosphoric esters with a free glycosidic hydroxyl group adjacent to the phosphoric ester grouping 
are much more readily hydrolysed than esters without such a group. 

From the table it can be seen that glucose-2 phosphate is clearly distinguished by its hydrolysis 
rate from the other carbohydrate phosphoric esters. 

It is not possible to say definitely whether the glucose-2 phosphate described in this paper is 
identical with the product from Hatano’s ester, prepared by Fleury, Courtois, and Desjobert, 
and found by them to be 31°5% hydrolysed after 1 hour at 100° with 0°08n-hydrochloric acid 
(calculated from a graph), which seems to indicate that it may have contained a small proportion 
of a more labile ester, since the glucose-2 phosphate now described was only 27% hydrolysed 
after 1 hour’s heating at 100° with n/10-sulphuric acid. However, the results indicate rates of 
acid hydrolysis of the same order. 

Glucose-2 phosphate is far less acid-labile than Levene and Meyer’s ester (oc. cit.), 3 : 5 : 6-tri- 
methyl methylglucoside-2 phosphoric acid, which is probably at least 80% hydrolysed after 
1 hour at 100° with n/10-sulphuric acid, though the exact amount of hydrolysis is difficult to 
estimate, since the substance was contaminated with approximately 20% of a more stable ester. 
This difference in stability is probably connected with the different ring forms present in the two 
compounds and has some implications in connection with the enhanced lability of phosphoric 
ester groupings adjacent to glycosidic hydroxyl groups. 

It was shown by Fleury, Courtois, and Desjobert (loc. cit.) that the stability of such ester 
groupings is dependent on acid concentration, although this is not so in the case of glucose and 
mannose-6 phosphates (Robison, Biochem. J., 1932, 26, 291). Bailly (Bull. Soc. chim., 1942, 9, 
314, 340, 421, 450) has shown that the a->8-glycerophosphate transformation is dependent on 
acid concentration, and it seems possible that the acid lability of glucose-2 phosphate and similar 
esters may be due to a transposition of the phosphate group to the labile 1-position, possibly 
with intermediate formation of a cyclic intermediate of the type postulated by Bailly, e.g., (IX). 

Both in direct transposition and in cyclic-intermediate formation, the product would be of 
a glycosidic type and would be most readily formed when the ring is in the furanose condition. 
Levene and Meyer’s ester, on acid hydrolysis, will rapidly lose its glycosidic methyl group, but 
will remain in the furanose form, because of the methyl groups at position 3, 5, and 6. Acid 
hydrolysis, if occurring through 1-phosphate formation, might therefore be expected to be more 
rapid than in the case of unsubstituted glucose-2 phosphate. 
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The lability to alkaline hydrolysis of glucose-2 phosphate shows some resemblance to the 
diose and triose phosphates investigated by Fleury and Courtois (/occ. cit.). There is no tendency 
to form a proportion of a more stable ester, as in the case of diose phosphate. 

The marked difference in stability to alkali shown by the stable esters in which carbon atom 1 
is engaged in glycoside formation, or is oxidised to give an aldonic acid, on the one hand, and the 
readily hydrolysed glucose-2 and fructose-1 phosphates on the other, may be attributed to the 
possibility of the formation of ene-diols by the labile esters (Kusin, Ber., 1936, 69, 1041), ¢.g., 
glucose-2 phosphate could form (X). It has been pointed out by Kalckar (Chem. Reviews, 1941, 
28, 71) that the labile phosphoric esters, carboxyl, enolic, guanidino- and pyro-phosphates all 
have the configuration (XI). The ene-diol (X) is a special case of (XI) in which X’ = CH*OH, 
X = O, and R = CH,(OH):(CH’OH));. 

Since 8-hexahydrobenzyl-p-glucoside-2 phosphoric acid and 2-phosphogluconic acid cannot 
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form an intermediate of type (XI), they would not be expected to show any marked lability to 
alkali. 


EXPERIMENTAL. 
Reaction of Diphenyl Chlorophosphonate with 3:4: 6-Triacetyl -Benzyl-b-glucoside.—Dipheny] 


chlorophosphonate (7-0 £) and dry hae vy (12 c.c.; thrice distilled from phosphoric oxide) were mixed 
in a stoppered flask and cooled to 0°. 3:4: 6-Triacetyl B-benzyl-p-glucoside (7-9 g.; dried at 100° for 
2 hours in vacuo) was added, and the flask kept at room temperature for a week. The flask was then 
cooled to 0°, and kept cool while ice-cold water (1 c.c.) was added dropwise. After 10 minutes, the 
product was transferred to a separating funnel by addition of ether (250 c.c.) and water (30 c.c.), 
After separation of the water, the ethereal layer was washed successively with 0-5Nn-sulphuric acid (2 x 50 
c.c.), water (50 c.c.), saturated sodium hydrogen carbonate solution (50 c.c.), and finally water (50 c.c.), 
During the washing, it was necessary to add a little ether at intervals to keep the product in solution, 
The heel solution was then dried (MgSO,) and evaporated to 50 c.c., light petroleum (50 c.c.) added 
slowly, and the solution allowed to crystallise, giving white needles (12 g.) of the 2-diphenylphosphoric 
ester of 3 : 4: 6-triacetyl B-benzyl-D-glucoside (II) ; m. p. (after recrystallising from benzene-light petroleum) 
88-5°, [a]}® +6-4° + 1° (c, 1-872 in chloroform; / = 1) (Found: C, 58-8; H, 4-9; P, 49. C,,H,,0,,P 
requires C 59-4; H, 5-25; P, 49%). 

Catalytic Hydrogenation of the Foregoing Ester —The ester (II) (1 g.) was dissolved in methanol (50 c.c.), 
and platinum oxide (0-1 g.) added. The mixture was shaken with hydrogen at room temperature and 
pressure. Maximum uptake (11-5 mols.) was reached after 6 hours. The catalyst was filtered off, and 
the solution evaporated under reduced pressure. Water (5c.c.) was added, and the suspension of crystals 
filtered off and washed with a little water. 3: 4: 6-Triacetyl B-hexahydrobenzyl-D-glucoside-2 phosphoric 
acid (III) was obtained as small needles (0-55 g.), m. RB 202—203° after recrystallising from water; 
{oli —3° + 1° in methanol (c, 1-37; 1 = 1) (Found: C, 47-2; H, 6-3; P, 6-3. Cy gH;,0,,P requires 

, 47-3; H, 6-4; P, 64%). 

Deacetylation of 3: 4: 6-Triacetyl B-Hexahydrobenzyl-p-glucoside-2 Phosphoric Acid.—The acid (III) 
0-43 g.) was dissolved in dry methanol (5 c.c.) and 0-1N-methanolic potassium methoxide added to pH 10 
B.D.H. Universal indicator paper). After being kept overnight in the refrigerator, the solution was 
evaporated to 5 c.c., under reduced pressure, and allowed to crystallise. Rosettes of thick needles of 

dipotassium B-hexahydrobenzyl-D-glucoside-2 phosphate (IV) separated; these were washed with 
methanol and dried im vacuo (yield, 0-29 g.); [a]}? —46-5° + 1° (c, 1-33 in water; / = 1) (Found: C, 
36-2; H, 5-3; P, 6-9. C,,;H,,;0,PK, requires C, 36-1; H, 5-3; P, 7-1%). 

Reaction of 1:3:4:6-Tetra-acetyl B-D-Glucose with Diphenyl Chlorophosphonate.—The tetra-acetyl 
compound (V) (5-05 g.) was dissolved in pyridine (10 c.c.; dried as before), and diphenyl chloro- 
phosphonate (5 g.) added. After 3 days at room temperature, the semisolid mass was cooled in ice, and 
stirred with water (2c.c.). The product was dissolved by addition of benzene (80 c.c.) and water (20 c.c.), 
and the aqueous layer separated. The benzene layer was washed with successive (25 c.c.) portions of 
n-sulphuric acid (twice), saturated sodium hydrogen carbonate solution (twice), and water. During the 
washing, it was necessary to add more benzene (25 c.c.) to prevent crystallisation of the product. 
The benzene solution was dried (Na,SO,) and evaporated to a small volume under reduced pressure. 
Methanol (100 c.c.) was then added, and the product allowed to crystallise. Diphenyl 1:3: 4: 6-tetra- 
acetyl B-D-glucose-2 phosphate (V1) was obtained in long white needles (6-4 g.); on evaporation of the 
mother-liquors, a further 1-6 g. was obtained; m. p. 126—127° after recrystallisation from methanol; 
[a}}® +26-3° + 1° (c, 1-899 in chloroform; / = 1) (Found: C, 53-3; H,-5-1; P, 5:3. C,gH,,0,,P 
requires C, 53-8; H, 5-0; P, 5-3%). 

Hydrogenation of foregoing (V1). The ester (4 g.) and platinum oxide (0-2 g.) were suspended in 
methanol (50 c.c.) and shaken with hydrogen at room temperature and pressure. 8 Mols. of hydrogen 
were taken up during 2hours. The catalyst was filtered off, and the solution evaporated todryness. The 
residue was dissolved in ethyl acetate (20 c.c.) and dried (MgSO,), and the solution filtered ; light petroleum 
(15 c.c.; b. p. 40—60°) was added gradually with warming. Crystallisation soon began, and appeared 
to proceed best if the flask was warmed on the water-bath from time to time, with occasional scratching. 
1:3: 4: 6-Tetra-acetyl B-p-glucose-2 phosphoric acid (VII) was obtained; yield, 2-3 g.; *. 2. 157—158° 
after recrystallisation from ethyl acetate by slow addition of light petroleum (b. p. 40—60°), and 160° 
after two recrystallisations; [a]}§ +15-8° + 1° (c, 2-03 in water; 7 = 1) (Found: C, 38-9; H, 5-0; P, 

: C,,H,,0,3P requires C, 39-2; H, 4-9; P, 7-2%). 

By use of absolute ethanol instead of methanol in the above experiment better yields were obtained. 
In one experiment 1-3 g. of (VII) were obtained from 2 g. of the diphenyl ester. It is essential in either 

case to evaporate off all the alcohol before adding ethyl acetate, as crystallisation is retarded by the 
presence of ethanol and methanol, and especially by the latter. The product is pure enough for 
deacetylation without recrystallisation. 

Deacetylation of 1:3: 4: 6-Tetra-acetyl B-p-Glucose-2 Phosphoric Acid.—The acid (VII) (2-4 g.) was 
dissolved in methanol (20 c.c.), and the solution filtered, the filter being washed with methanol (5 c.c.) 
and the filtrate and washings combined. To this solution was added a filtered 0-2N-solution of potassium 
methoxide in methanol. About 20 c.c. of this solution were required for neutralisation, and 0-1 c.c. 
excess was then added. Crystallisation began within a few seconds of adding the excess. Dipotassium 
glucose-2 phosphate (VIII) which crystallised was filtered off after 3 hours in the refrigerator; 
yield, 1-75 g.; [a]}? +15° +1° (c, 2 in water; / = 1), [a]}? +24-4° +1° (initial), and [a]}? +35° +1° 
final) in 0-1N-sulphuric acid (c, 1-97; / = 1) (Found: C, 21-5; H, 3-2; P, 9-2. C,H,,O,PK, requires 

, 21-4; H, 3:3; P, 9-2%). The compound reduced Fehling’s solution, though decidedly more slowly 
than does glucose itself. 

Hydrolysis of Dipotassium Glucose-2 Phosphate by 0-1N-Sulphuric Acid.—(1) A solution containing 
0-197 g. of (VIII) in 10 c.c. of 0-1N-sulphuric acid was heated in a sealed tube at 100° for 12 hours. After 
12 hours, the solution had rotation +0-59° (Calc. for theoretical liberation of glucose: -++0-58°). 
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(2) A solution of the phosphate (Solution A) containing 0-0885 mg. of phosphorus per c.c. was used. 
Solution A (2 c.c.) and 0-2n-sulphuric acid (2 c.c.) were sealed in ex tubes, and heated in a boiling 
water-bath for the stated times. Determinations of free and total phosphorus were made, the Bell— 
Doisy—Briggs method (J. Biol. Chem., 1920, 44, 55; 1922, 58, 13) and a Spekker photometer being used. 
The results are in Table II, where k = (2-3/t)log,)a/(a — *), ¢ being in seconds. 


TaB_e II, 
Time of hydrolysis, hrs. . 1-0 
Free phosphorus, % , 26-9 ; 7 
, 27-0 , \. / \. 78- 
8-6 . 8-8 . ° ° 
° 0. Half-hydrolysis period = 137 mins. 


8 
90- 
90- 

8- 


Hydrolysis of Glucose-2 Phosphate by 0-1N-Sodium Hydroxide.—Solution A (2 c.c.) and 0-2Nn-sodium 
hydroxide (2 c.c.) were sealed in Pyrex tubes, and heated in a boiling water-bath for the stated times. 
Determinations of free and total phosphorus were made by means of a Spekker photometer and a 
modification of the method of Briggs et al. (loc. cit.) to be more fully described later. Briefly, the modi- 
fication made use of tartaric acid to overcome the effect of silicate dissolved from the glass by the sodium 
hydroxide. 


1-0 1-5 2-0 2-5 3-0 3-5 4- 
296 4183 564 630 660 765 84- 
10 10 10 10 10 ll 12 
Mean value of k = 11 x 10°. Half-hydrolysis period = 97 mins. 


0 
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Hydrolysis of B-Hexahydrobenzyl-p-glucoside-2 Phosphate (Potassium Salt).—(i) By acid. A solution 
of the glucoside-2 phosphate (potassium salt) containing 0-0755 mg. of phosphorus per c.c. (solution B) 
was made. For the hydrolysis, solution B (2 c.c.) and 0-2N-sulphuric acid (2 c.c.) were sealed in Pyrex 
tubes and heated in a boiling water-bath for the stated times. Phosphorus was determined as previously 
described. 


(ii) By alkali. Solution B (2 c.c.) and 0-2N-sodium hydroxide (2 c.c.) were sealed in Pyrex tubes 
and heated in a boiling water-bath When the solution was examined for free phosphorus by the method 
described under the alkaline hydrolysis of glucose-2 phosphate, no free phosphorus could be detected 
within the limits of experimental error, even after 7 hours’ hydrolysis. 

Note on Preparation of 1-Chloro 3:4: 6-Triacetyl 2-Trichloroacetyl D-Glucose.—This, the starting 
material for the above syntheses, was made by Brigl’s method (Z. physiol. Chem., 1921, 116, 1) from 
penta-acetyl B-glucose and phosphorus pentachloride. His yields could only be reproduced by usin 
phosphorus pentachloride made from the trichloride and chlorine (Inorg. Synth., Vol. I): enmental 
samples of pentachloride gave reduced yields or none, probably owing to their ferric chloride content. 


Microanalyses are by Mr. E. Morton. The author thanks Professor E. L. Hirst, F.R.S., for 
encouragement and advice, and Mr. R. Chalmers for assistance. 
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660. Reactions of Nitrosyl Chloride. Part II. 


By J. R. Partincton and A. L. WHYNEs. 


The reaction between nitrosyl chloride and certain elements and their chlorides has been 
extended and the new compound PdCl,,2NOCI prepared. Nitrosyl chloride is formed in reactions 
between certain chlorides and dinitrogen tetroxide, and the latter from some nitrates and 
nitrosyl chloride; these reactions have been reinvestigated. 


IN an earlier publication (J., 1948, 1952) the action of nitrosyl chloride on several metals and 
their compounds was described, and the present paper gives an account of further work with 
nitrosyl chloride and dinitrogen tetroxide. 

Boyé and Rogers (Phil. Mag., 1840, 17, 397), by evaporating platinum with aqua regia, 
prepared a yellow deliquescent powder which they considered to be a compound of platinic 
chloride and nitric oxide. It contained 9°87% of water, not evolved at 100°. Weber (Amn. Phys. 
Chem., 1867, 181, 441), by mixing a solution of platinic chloride and fuming nitric acid, obtained 
a yellow precipitate which, after drying, gave a browish-yellow deliquescent solid corresponding 
to PtCl,,2NOCI,H,O. The platinum compound was prepared by Jérgensen (Kgl. Danske Vid. 
Selsk. Skrift., 1867, [v}, 6, 451) as orange-yellow octahedra and rhombododecahedra by evaporating 
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chloroplatinic acid with fuming nitric acid or passing aqua regia vapour into chloroplatinic acid 
solution. Its composition corresponded to PtO,NCl, (= PtCl,,2NOC] when modern atomic 
weights are used). Sudborough (/., 1891, 59, 655) and Asmussen (Z. anorg. Chem., 1939, 248, 
127) obtained low yields of PtCl,,2NOCI by heating nitrosyl chloride with platinum in a sealed 
tube at 100°. The last observation was confirmed by us, but the reaction was very slow and 
incomplete at 100° and it was difficult to separate the deliquescent compound from unchanged 
metal. The reaction between platinous chloride and nitrosyl chloride proceeded quantitatively : 
PtCl, + 4NOCI = PtCl,,2NOC] + 2NO. With platinic chloride the formation of PtCl,,2NOCI 
was rapid. The last two methods are suggested for the preparation. 

Geuther (Jena Z., 1873, 7, 375; J. pr. Chem., 1874, 7, 354) found that dinitrogen tetroxide 
gave “a solid substance ”’ with cooled boron trichloride. When the mixture, after being kept 
for 2 days, was distilled, volatile yellow crystals condensed in the receiver. He formulated the 
compound as BCl,,NOCI, although in this Cl/B = 4 whilst the analysis gave Cl/B = 3°53. The 
reaction was considered to be : 


16BCl, + 6N,O, = 12(BCl,,NOCI) + 2B,0, + 30, 


It was not found possible to prepare pure BCl,,NOCI by this method, the distillate being 
probably a mixture of BCl,,NOCI and an ill-defined compound of boron trichloride and dinitrogen 
tetroxide. A similar result was obtained in the case of the tin compound, 3SnCl,,4NOCI (see 
below). 

The usual method of distilling excess of nitrosyl chloride from the solution gave only B,O, as 
a decomposition product. The compound was obtained from weighed quantities of boron 
trichloride and nitrosyl chloride (ca. 4:5), by storage until crystals separated, and filtration 
through sintered glass in a sealed tube. Well-defined readily fusible crystals separated, 
Analyses corresponded well with BCl,,NOCI or [NO]BCl,. 

The compound melts to two liquid layers (at 26—27°), one of which disappears on heating 
the material to 65°; and on heating a solution homogeneous at room temperature (excess of 
nitrosyl chloride) two layers separate but on further heating one layer disappears. This 
behaviour corresponds with the phase diagram described by Roozeboom (“‘ Die heterogenen 
Gleichgewichte,’”’ 1918, 2, 175). On the melting-point curve the maximum, corresponding to 
compound formation, is not reached, since a completely closed curve (probably similar to that of 
the nicotine-water system) cuts the apex, and the compound does not melt without 
decomposition. 

The corresponding fluorine compound, prepared by Wilke-Dérfurt and Balz (Z. anorg. Chem., 
1926, 159, 197) by the reaction 2HBF, + N,O, =» H,O + 2[NO]BF,, is stable, can be sublimed, 
and forms a monohydrate. Balz and Mailander (ibid., 1934, 217, 161) prepared it from nitrosyl 
fluoride and boron trifluoride. There is no record of its melting to two layers on heating. 

Jones and Matthews (Proc. Camb. Phil. Soc., 1910, 15, 529) examined the reducing action 
of hydrogen on nitrosyl chloride in presence of palladium at room temperatures; the metal was 
attacked with the formation of palladium dichloride, nitric oxide, and nitrogen. Puche (Amn. 
Chim., 1938, 9, 243) stated that palladium forms a deep-red solution with aqua regia, probably 
owing to the formation of PdCl,,2NOCIl. Manchot and Waldmiiller (Ber., 1926, 59, 2363) found 
that nitric oxide containing a small quantity of alcohol vapour as catalyst, reacted rapidly with 
palladium dichloride. The brownish-black solid product rapidly evolved nitric oxide in air but 
immediate analysis gave the composition PdCl,,2NO. This compound has been wrongly 
reported as “ palladous dinitroxyl chloride, PdCl,,2NO, ”’ (Mellor, ‘‘ Treatise, etc.,”” 1936, 15, 
628 ; Abs., 1926, A, 1219). 

It was found that nitrosyl chloride and palladium dichloride formed bright-red PdCl,,2NOCI, 
stable in dry air but immediately reacting with water to evolve nitric oxide. Palladous nitrate 
gave the same compound, the reaction being incomplete at room temperature but quantitative 
at 100°: Pd(NO,), + 4NOCI = PdCl,,2NOC] + N,O,. The compound when heated in dry 
nitrogen at 200° gave a residue of palladium dichloride. Dinitrogen tetroxide did not react with 
palladium dichloride. PdCl,,2NOCI could not be prepared from palladium and nitrosyl chloride 
owing to the formation of nitric oxide in the preliminary chlorination of the metal. From 
analyses it appeared that PdCl,,2NO and’ PdCl,,2NOCl are both formed, reaction (1) being 
followed by (2) and (3) : 

Pd + 2NOCI = PdCl, + 2NO Es a le OT ey 
PdCl, +2NO === PdCl,2NO ......... 


PaCl, + SNOCl ae PUCLLSNOC]-.-. . . 1... +s & 
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PdCl,,2NO was also prepared from nitric oxide and palladium dichloride and, like the product 
from palladium and nitrosyl chloride, it became black on the addition of water. 

Sudborough’s (loc. cit.) observation that nitrosyl chloride reacted slowly with gold strip 
forming AuCl,,NOCI was confirmed, and it was found that the rate of reaction depended on the 
state of division of the metal. A better method of preparation was from gold trichloride and 
nitrosyl chloride, this reaction going quickly to completion. When the substance was heated, 
nitrosyl chloride was evolved and the gold trichloride then decomposed into the metal and 
chlorine. 

From mercury and nitrosyl chloride Sudborough obtained only mercuric chloride, although 
Gall and Mengdehl (Ber., 1927, 60, 86) and Asmussen obtained HgCl,,NOCI from mercuric or 
mercurous chloride. It was found that the products of reaction varied with temperature. 
Mercurous chloride and nitric oxide were the sole products from mercury and nitrosyl chloride 
at —40°. At 20° mercurous chloride reacted to form mercuric chloride and nitric oxide 
(detected by Manchot’s solution). The final product was HgCl,,NOCI, easily decomposed into 
mercuric chloride and nitrosyl chloride in a vacuum : 


NOCI at —40° NOCI at —20° NOCI 
Hg ————— Hg,Cl, —————>_ HgCl, = HgCl,,NOCI 


Dinitrogen tetroxide reacts with certain chlorides with the formation of nitrosyl chloride, 
but nitrosyl chloride reacts with thallium and palladium nitrates with the formation of the 
tetroxide. According to Perrot (Compt. rend., 1935, 201, 275) nitrosyl chloride reacts with silver 
nitrate to form silver chloride and dinitrogen tetroxide, but no experimental details 
are given. It was found that quantitative reaction occurs easily at room temperature : 
AgNO, + NOC] = AgCl + N,O,. 

Lead nitrate reacted similarly, Pb(NO,), + 2NOCl = PbCl, + 2N,0,, but barium nitrate 
did not react, even when heated at 100° fora week. There was no reaction between dry sodium 
or potassium nitrate and nitrosyl chloride. 

The reaction between dinitrogen tetroxide and boron trichloride was reinvestigated and the 
formation of some nitrosyl chloride was suggested by the blood-red colour produced in the first 
few minutes. 3 

The literature on the reactions between dinitrogen tetroxide and stannic chloride is conflicting. 
Mellor (‘‘ Treatise, etc.,” 1927, 7, 445) and Gmelin-Kraut (‘“‘ Handbuch der anorg. Chemie,” 
1911, 4, 323) state that Weber prepared SnCl,,N,O, from stannic chloride and dinitrogen trioxide, 
whereas Weber (Ann. Phys. Chem., 1863, 118, 471) prepared the gas by heating lead nitrate and 
emphasised that the compound contained N,O, and not NO,: “‘ die Verbindung Salpetrigesaure, 
nicht Untersalpetersiure, enthalt.’”’ On sublimation he obtained a poorly-defined product 
which he considered to contain some SnCl,,2NOCl. Hampe (Amnalen, 1863, 126, 43) on passing 
the gas from lead nitrate, and from starch and nitric acid, into stannic chloride obtained a yellow 
product the sublimate from which on gentle heating corresponded with 3SnCl, + 2NO,Cl 
(= 3SnCl,,4NOCl when modern atomic weights are used). A _ titanium compound 
3TiCl,,4NOCI was also prepared. Thomas (Ann. Chim. Phys., 1898, 18, 145) found that direct 
combination gave SnCl,,NO,; in the presence of chloroform yellow 3SnCl,,SnOCl,,N,O, was 
obtained, on heating which 3SnCl,,4NOCI was formed. Reihlen and Hake (Annalen, 1927, 452, 
47) regarded the yellow compound from stannic chloride and dinitrogen tetroxide as 2SnCl,,3N,0, 
and found that no definite product could be obtained from stannic chloride and dinitrogen 
trioxide. 

Repetition of this work with dinitrogen tetroxide gave a compound SnCl,,2°5NO, in three 
separate experiments. Contrary to Reihlen and Hake’s statement, this does not fume in air, 
and it seems probable that their product contained adhering dinitrogen tetroxide. The ratio 
Cl/Sn = 4 showed that no decomposition to SnCl,,2NOCI occurred at this stage ; after sublimation 
some decomposition to SnCl,,2NOCI was found to occur, as Weber suggested, but no definite 
compound could be isolated. 

With titanium tetrachloride it was found, in agreement with Reihlen and Hake, that titanium 
tetranitrate was formed but the product always contained a small quantity of chloride, probably 
present as TiCl,,2NOCI, which would agree with the feeble evolution of nitric oxide on the 
addition of water. Nitrosyl chloride was recognised as a product of the reaction and a specimen 
was isolated by fractional distillation (m. p. —70°). Analyses of the solid were inconsistent and 
did not warrant the definite formula Ti(NO,),. 

Frankland (J., 1901, 79, 1856) could detect no reaction between sodium or potassium chloride 
and nitrogen peroxide. Whittaker, Lundstrom, and Merz (Ind. Eng. Chem., 1931, 28, 1410) 
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showed that the reaction KCl,, + 2NOxg, = KNO,., + NOCI,, occurs to the extent of 1-7% 
without moisture but, in the presence of 2°4% of moisture, the nitrogen content of the residue 
corresponded to 93°75% conversion into nitrate. Reed and Clark (Ind. Eng. Chem., 1937, 29, 
333) found no chlorine and only a trace of hydrogen chloride to be formed in the reaction in 
presence of water. 

In our experiments nitrogen peroxide free from nitric acid reacted with potassium or sodium 
chloride to a slight extent at 100° in a sealed tube. The reaction between potassium chloride 
and gaseous nitrogen peroxide in the presence of water was as described by Whittaker et al. The 
melting point and vapour pressure of nitrosyl chloride prepared in this way agreed with those of 
the product from nitrososulphuric acid and sodium chloride (J. Physical Chem., 1949, 53, 500). 

These reactions between nitrates and nitrosyl chloride, in which dinitrogen tetroxide js 
formed, and the formation of nitrosyl chloride from chlorides and dinitrogen tetroxide support 
a nitrosyl-nitrate formula for the latter, which was given in the previous paper (cf. Addison and 
Thompson, Nature, 1948, 162, 369). This formula has long been recognised and, although 
Mellor (“‘ Treatise,” 8, 547) incorrectly gives the name “ nitrosyl nitrite ’’ to the compound so 
formulated, this cannot disguise the fact that it is obviously nitrosyl nitrate. 

The colour of solid nitrosyl chloride has been described as blood-red (van Heteren, Z. anorg. 
Chem., 1900, 22, 277; Whittaker e¢ al., loc. cit.) and as lemon-yellow (Francesconi and Bresciani, 
Atti R. Accad. Lincei, 1903, [5], 12, 75). It was found that nitrosyl chloride, which had been 
distilled in a vacuum, solidified to blood-red feathery crystals when cooled in ether-solid carbon 
dioxide, but that these became lemon-yellow when cooled in liquid air. The melting point 
of nitrosyl chloride was —61°5° +0°2° (determined with a calibrated low-temperature 
thermometer), this value being in agreement with those found by Trautz and Gerwig (—61°5°; 
Z. anorg. Chem., 1924, 134, 409) and Whittaker e¢ al. (—61°5° +02; loc. cit.). 


EXPERIMENTAL, 


Methods used for reactions and analysis were given in the previous paper. 

Reaction with Platinum.—Nitrosyl chloride was heated at 100° in a sealed tube with 1 g. of platinum 
strip. A brown powder gradually formed and the supernatant liquid became black. The reaction 
was very slow and after several days some platinum was unchanged; formation of the compound was 
retarded by a black film on the surface ofthe metal. On opening the tube there wasa considerable pressure 
of nitric oxide; the yellowish-brown powder was deliquescent and reacted with water evolving nitric 
oxide and forming a yellow solution. The platinum was determined by precipitation as ammonium 
chloroplatinate and ignition to metal (Found: Pt, 41-0, 41-6. Calc. for PtCl,,2NOC1: Pt, 41-7%). 
Since chlorine in a solution of platinic chloride cannot be determined by precipitation with silver nitrate 
owing to the formation of a stable complex, the method described by Drew, Tress, and Wyatt (/J., 1934, 
1787) was ‘ate (Found: Cl, 45-1, 45:3%; Cl/Pt = 6-0. Calc. for PtCl,,2NOCI1; Cl, 45-46%; 
Cl/Pt = 6-0). 

Action of Nitrosyl Chloride on Platinum Dichloride.—1 G. of platinum dichloride reacted with nitrosyl 
chloride only when heated in a water-bath; the solid became yellowish-brown and the supernatant 
liquid black. After removal of excess of nitrosyl chloride the addition compound was obtained (Found : 
Pt, 41-3, 41-5; Cl, 44-8,45-2; N,5-6%; Pt:Cl: N = 1: 5-98: 1-88. Calc. for PtCl,,2NOCI: N, 5-9%; 
Pt:Cl:N = 1:6: 2). 

Reaction between Platinic Chloride and Nitrosyl Chloride.—Platinic chloride, prepared by heating 
hexachloroplatinic acid in chlorine (Kharasch and Ashford, J. Amer. Chem. Soc., 1936, 58, 1733), was a 
very hygroscopic reddish-brown powder, becoming bright yellow after a few minutes in air (Found: 
Pt, 58-3. Calc. for PtCl,: Pt,57-9%). At 100° in a sealed tube reaction occurred between platinic chloride 
and nitrosyl chloride. After the excess of nitrosyl chloride had been boiled off-the solid appeared to 
be identical with that obtained from platinum (Found: Pt, 41-2. Calc. for PtCl,,2NOC1: Pt, 41-7%). 

Preparation of Boron Trichloride.—The trichloride was prepared by the action of dry chlorine on 
heated boron. It was found better to pass the chlorine through rather than over the amorphous boron, so 
that excess was avoided. Glass wool reacts appreciably with chlorine at red heat and could not be used 
for packing. Preliminary drying of the boron considerably increased the yields. Boron trichloride was 
easily separated from any silicon tetrachloride by fractional distillation; if slightly yellow (owing to 
dissolved chlorine), a small quantity of mercury was added to it before sealing. All specimens distilled 
completely at room temperature. 

eaction between Boron Trichloride and Nitrosyl Chloride.—Two methods were tried but only the second 
was successful. 

(a) Boron trichloride and excess of nitrosyl chloride. With all the previous chlorides the nitrosyl 
chloride compounds could be obtained by allowing liquid nitrosyl chloride to remain in contact with 
the chloride and evaporation of the excess. 

Excess of nitrosyl chloride was distilled on boron trichloride cooled in solid carbon dioxide. A yellow 
solid separated which on sealing and shaking dissolved completely, forming a clear red solution. The 
following observations were made on heating the solution slowly in a water-bath. : 

Sharply at 45° the liquid became cloudy and a lower layer separated; as the temperature rose this 
layer decreased, and it disappeared at 60°. Ata higher temperature the liquid boiled. On cooling, small 
oily drops separated and collected at the bottom of the tube, forming a clear red layer; as the tube 
cooled to room temperature the layer became less distinct and the whole finally became homogeneous. 
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The tube was opened and excess of nitrosyl chloride removed by evaporation in dry nitrogen. A 
white solid obtained was boric oxide (Found: B, 30-37, 30-65. Calc. for B,O,: B, 31-03%). 

(b) Weighed quantities of nitrosyl chloride and boron trichloride. It was found that crystals separated 
from approx. equimolecular quantities of nitrosyl chloride and boron trichloride. The filter tube 
(see figure) was used to isolate the compound in a pure state. To prevent hydrolysis the end of the tube 
was protected with a phosphoric oxide tube as shown. Air was displaced by dry nitrogen, and 1-84 g. of 
nitrosyl chloride were passed into the tube cooled in solid carbon dioxide, followed by 2-92 g. of boron 
trichloride (i.e., 112-5% of nitrosyl chloride required for 1: 1 compound). By lifting the delivery tube 
the tube could be sealed without exposure to air. Most of the reaction occurred in the lower half of the 
filter, and a yellow solid separated. On warming to 30° two liquid layers formed. By cooling B again 
in solid carbon dioxide the remainder passed through the sinter into B. In ice-water the upper layer 
quickly deposited small yellow crystals, and the lower layer formed a red jelly. After the apparatus had 
been kept in a vertical position overnight long needle-shaped crystals (the largest, 3 cm.) separated; the 
mother-liquor was light brown. By inverting the tube and cooling the tip A at —20° the mother-liquor 
passed through the sinter and was sealed off. The crystals so freed from excess of nitrosyl chloride 
changed from red to lemon-yellow. 

(c) Action of heat in a sealed tube. Crystals of the 
compound, heated in a sealed tube, melted at 26—27° 
forming two liquid layers ; the upper was clear reddish- 
brown, the lower orange but opaque. When warmed 
and shaken, the lower layer changed sharply from 
orange to clear red; on further heating it disappeared 
completely at 65°. 

Nitrosyl chloride was soluble in excess of boron 
trichloride (NOC1/BCl, = 2/5) to form a light-brown 
solution but on gentle heating two layers did not 

rate. 

In a sealed tube the crystals were well defined and 
the space above was colourless (small dissociation 
pressure). When the crystals melted the tube was 
filled with straw-coloured nitrosyl chloride vapour. 
On cooling, crystals were deposited on the upper part 
of the tube, showing a considerable dissociation pres- 
sure at the m. p.: BCl, + NOC] ==> BCl,,NOCI. 

(d) Analytical method. The compound evolved 
white fumes in air and it could not be weighed in a 
weighing bottle. With water nitric oxide was evolved 
and a white solid separated which dissolved readily on 
warming or stirring : 


BCI,,NOC1 + 4H,O = H,BO, + HNO, + 4HCl 
3HNO, = 2NO + HNO, + H,O 


























Boron was determined by preliminary neutralis- 
ation of hydrochloric acid (using methyl-red), addition 
of excess of mannitol, and titration to a phenol- 
phthalein end-point. The method was checked with 
a known mixture of pure boric and hydrochloric acid 
and gave good results. Cresol-red had no advantage 
over phenolphthalein, methyl-red however masked a 
bromothymol-blue end-point. 

The analysis tube (see figure), was weighed empty, 
cooled in solid carbon dioxide, a small amount of 
the solid introduced and the tube drawn out thin at 
C. The sealed bulb, after weighing, was cooled in 
solid carbon dioxide and the tip broken under 20 ml. of waters The liquid was diluted to 30 ml. and 
gently warmed to decompose any nitrous acid and eliminate traces of carbon dioxide. To keep the 
volume 30—35 ml. the hydrochloric acid was almost neutralised with n-NaOH using methyl-red, and the 
neutralisation completed with n/10-NaOH to the first appearance of a yellow colour. 6 G. of mannitol 
were dissolved (the red colour of the indicator returning) and 2 drops of phenolphthalein added. The 
volume of n/10-NaOH necessary to produce a distinct pink colour was sotel: and this corresponded to the 
boric acid present. In no case did the addition of a further quantity of mannitol discharge the pink 
colour of the phenolphthalein. 

Chlorine can be determined by chloride precipitation in presence of boric acid and it was shown by a 
control experiment that mannitol was without effect. 

_ For the nitrogen determination the bulb was broken under sodium hydroxide solution, and the 
nitrite reduced to ammonia as in previous cases (Found: B, 5-6, 6-0, 6-2; Cl, 77-45, 77-49, 78-0; N, 
7-75. BCl,,NOCI requires B, 5-92; Cl, 77-64; N, 7-67%). 

Reaction between Boron Trichloride and Dinitrogen Tetroxide—6 G. of dinitrogen tetroxide were 
distilled on to 16 g. of boron trichloride at —20°; a a solid separated immediately ; there was a definite 
blood-red reaction zone (probably nitrosyl chloride). On removal of the mixture from the cooling-bath 














a vigorous reaction occurred, much heat was evolved, and the mixture was cooled again to prevent loss 
of boron trichloride. Combination occurred with a “ cracking ’’ noise. 

By warming the mixture in a water-bath a yellow sublimate formed in the receiver, and large amounts 
of nitrogen peroxide were evolved. The residue was boric oxide. At room temperature the sublimate 
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ee ag and hey analysed only with difficulty (Found: B, 6-45, 6-2; Cl, 74-5, 73-6; N, 6-52%; 
:Cl:N = 1: 3-6: 0-8). : 

Reaction between Palladium Compounds and Nitrosyl Chloride.—Trial analyses were necessary to 
ensure that Cl: Pd could be accurately determined. Two methods were used, (a) the palladium salt was 
reduced with hydrazine (Gutbier and Falco, Z. anal. Chem., 1910, 49, 289) and (b) the palladium was 
precipitated with dimethylglyoxime and weighed as such or ignited to the metal. The former method 
was preferable. 

The chlorine in a solution of palladium dichloride cannot be determined by the addition of silver 
nitrate owing to the formation of a stable chestnut-coloured complex, PdCl,(OHAg), (Bellucci and 
Cesaris, Gazzetta, 1908, 38, II, 602). 

A weighed amount of the palladium salt (0-05—0-1 g.) was dissolved in 200 ml. of water, and the 
solution heated to 70°. On adding a warm solution of hydrazine sulphate a fine yellow precipitate formed, 
but when the mixture was made alkaline with dilute sodium hydroxide solution nitrogen was evolved and 
the palladium was precipitated asa sponge. After being boiled and digested for 1 hour the mixture was 
filtered and the paper and metal were ignited separately. The filtrate was acidified with dilute nitric 
acid, and chloride determined gravimetrically as silver chloride. 

Reaction between Nitric Oxide and Palladium Dichloride.—1 G. of dry palladium dichloride was placed 
in a combustion boat in a narrow glass tube, and a slow stream of nitric oxide passed over it for 2 hours, 
The maroon dichloride gradually became dark brown; it was removed from the boat and quickly 
powdered, and the treatment with nitric oxide repeated for another hour. Excess of nitric oxide was 
removed by warming to 40°. The substance was analysed immediately after preparation; when the 
compound was stored in air nitric oxide was evolved, rapidly in a vacuum-desiccator. In contact with 
water nitric oxide was evolved and a black residue separated (Found: Pd, 46-2; Cl, 30-6. Calc. for 
PdCl,,2NO: Pd, 44-9, Cl, 29-85%). 

Reaction bet Palladium Dichloride and Nitrosyl Chloride.—Excess of nitrosyl chloride was sealed 
with 1 g. of palladium dichloride, and the tube heated at 100° for 5 hours. The compound was insoluble 
in liquid nitrosyl chloride. Evaporation of the excess of nitrosyl chloride gave a bright red residue, 
stable in dry air or in a sealed tube but deliquescing in moist air to form a dark red liquid, which on 
further exposure solidified to a reddish-brown solid (probably the dihydrate). Nitric oxide was evolved 
on the addition of water, and the solid dissolved forming a red solution. In no case was a black residue 
obtained [Found : Prepn. (1): Pd, 34-2, 34-7; Cl, 46-3; N, 8-8. Prepn. (2): Pd, 35-01; Cl, 46-6, 46-8; 
Pd:Cl:N = 1:4-05:1-94. PdCl,,2NOCI requires Pd, 34-59; Cl, 45-95; N, 9-08%; Pd:Cl:N=1:4: 2). 

Reaction between Palladous Nitrate and Nitrosyl Chloride.—At 100°, in a sealed tube, nitrosyl chloride 
reacted with palladous nitrate forming a pale orange-red layer. After opening of the tube, the nitrosyl 
chloride was allowed to boil off and a quantity of dinitrogen tetroxide was removed by gentle warming. 
The residue appeared to be identical with that obtained from palladium dichloride (Found: Pd, 34-7, 
35:3; Cl, 45-6, 45-7; N, 9-4%; Pd:Cl:N = 1 : 3-93: 2-05). 

Reaction between Nitrosyl Chloride and Palladium.—Reaction between nitrosyl chloride and palladium 
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black. There was a considerable pressure of nitric oxide in the tube. After evaporation of the excess 
of nitrosyl chloride a brown deliquescent powder remained, which had similar properties to the product 
of reaction of palladium dichloride and nitric oxide. On gentle heating to 100° some nitrosyl chloride 
was evolved. The brown solid, when heated in a stream of dry nitrogen for 3 hours to 200°, left a maroon 
residue of palladium dichloride (Found: Pd, 59-3. Calc. for PdCl,: Pd, 60-04%). The analyses of 
several preparations of the brown solid were inconsistent, suggesting that it was a mixture [Prepn. (1) : 
Pd, 36-3. Prepn. (2): Pd, 41-3. Prepn. (3): Pd, 37-5, 37-3%]. 

Reaction between Gold and Nitrosyl Chloride.—Very thin gold strip was not attacked by nitrosyl 
chloride at room temperature and only very slowly at 100°. After a week at 140° only a small quantity 
of orange-coloured powder formed, the liquid becoming black. The extent of the reaction between 
nitrosyl chloride and gold depended to some extent on the state of division of the metal, finely divided 
gold being attacked at room temperature. 

On gentle warming the solid evolved nitrosyl chloride and became reddish-brown. Gold was deter- 
mined as metal by precipitation with sulphur dioxide, and was so removed from the solution before the 
chlorine determination (Found : Au, 54-7, 54-6; Cl, 37-9,38-0%; Cl: Au = 3-86. Calc. for AuCl,,NOCI: 
Au, 54:3; Cl, 38-56%: Cl: Au = 4-0). 

Reaction between Gold Trichloride and Nitrosyl Chloride.—Gold trichloride was prepared by heating 
liquid chlorine with finely divided gold in a sealed tube at 100° for one week (Found: Au, 64-5. Calc. 
for AuCl,: Au, 64:9%). The deep-red gold trichloride rapidly absorbed nitrosyl chloride, becoming 
orange. It a set aside for one day in a sealed tube at room temperature (Found: Au, 54-8; Cl, 382%; 
Cl: Au = 3-9). 

Reaction between Mercury and Nitrosyl Chloride.—Nitrosyl chloride did not react with mercury at 
—30°, but on warming to —20° violent reaction occurred and nitric oxide was evolved. This continued 
even when the reaction vessel was cooled to —40°. A dark grey solid, which rapidly became white in 
air, remained after evaporation of the nitrosyl chloride. This was mercurous chloride, and no mercuric 
chloride could be detected. On heating with nitrosyl chloride, further reaction occurred. The yellow 
addition compound was decomposed in a vacuum-desiccator over concentrated sulphuric acid and left 
mercuric chloride (Found: Hg, 72-2, 73-6. Calc. for HgCl,: Hg, 73-85%). 

Reaction between Silver Nitrate and Nitrosyl Chloride.—Excess of nitrosyl chloride with dried silver 
nitrate at room temperature reacted vigorously with the evolution of heat; the tube was heated in a 
water-bath for 2 days to ensure complete reaction. After opening, the tube was placed in ice-water and 
the liquid remaining was shown to be N,O, (Found : 0-3140 g. of AgNO, gave 0-2649 g. of AgCl. Calc. for 
the reaction AgNO, + NOCI] = AgCl + No-no, (t.e., N,O,): AgCl = 0-2648 g.). 

Reaction between Lead Nitrate and Nitrosyl Chloride.—Nitrosyl chloride was heated with dry lead 
nitrate on a water-bath for 2 days, the nitrosyl chloride was allowed to boil off, and a small quantity of 
N,O, remained : Pb(NO,), + 2NOCI = PbCl, + 2N,0, (Found: Pb, 73-8. Calc. for PbCl, : Pb, 745%). 
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Preparation of Dinitrogen Tetroxide.—Dinitrogen tetroxide was prepared by Ramsay’s method (J., 
1890, 57, 590). Silicone grease, which is resistant to the gas, was used on all ground joints. 

Reaction between Dinitrogen Tetroxide and Stannic Chloride.—At room temperature dinitrogen tetroxide 
reacted vigorously with stannic chloride, heat was evolved, and a yellow solid separated. Some decom- 

ition occurred and analysis gave inconsistent results. Dry dinitrogen tetroxide was condensed on to 
stannic chloride at —20° and the temperature allowed to rise slowly to —10°. A canary-yellow solid 
separated. Excess of pale tetroxide was very difficult to remove, and the pasty product gave 
variable analyses. At 40° and 20 mm. pressure (} hour) no decomposition of the product was apparent, 
the excess of N,O, was removed, and consistent analyses were obtained [Found : eaph. (1): Sn, 32-17; 
Cl, 37:7. Prepn. (2): Sn, 31-9; Cl, 37-5; N, 9-6. Prepn. (3): Sn, 32-2; Cl, 37-7, 37-8; N, 9-9%; 
Sn:Cl: N = 1:3-93: 2-5. SnCl,,2-5NO, requires Sn, 31-2; Cl, 37-3; N,9-2%]. The yellow deliquescent 
solid with a small amount of water dissolved completely to a green solution. A solution in sodium 
hydroxide solution gave nitrite and nitrate reactions. 

Sublimation of the compound. On heating the solid in a stream of dry nitrogen, part formed a yellow 
sublimate, and white stannic oxide remained. Analysis of the sublimate gave no definite proportions. 

Reaction between Dinitrogen Tetroxide and Titanium Tetrachloride.—Excess of dinitrogen tetroxide was 
condensed on to titanium tetrachloride at —80°. In a sealed tube a vigorous reaction occurred at room 
temperature, the liquid becoming ruby-red. When kept overnight the yellow solid formed redissolved 
and two liquid layers formed. The lower layer was red and viscous, the upper dark brown and mobile. 
After 2 hours’ heating on a water-bath the tube was cooled to room temperature, whereupon the lower 
layer solidified. The tube was cooled in solid carbon dioxide, and a side arm and trap were sealed on. 
The trap was cooled in solid carbon dioxide, and the cooling jacket round the tube was replaced by ice- 
water. In this way unchanged dinitrogen tetroxide could be retained. After 4 hour 2—3 ml. of nitrosyl 
chloride had collected. The dinitrogen tetroxide and nitrosyl chloride which remained were boiled off at 
30° and the-yellow powder analysed [Found : Prepn. (1) : Ti, 27-5, 27-6; Cl, 2°88, 2-01; N, 15-5, 14-08%. 
After 2 days (sealed tube), Ti, 28-56; N, 13-65. Prepn. (2): Ti, 19-06, 19-5; Cl, 1-5, 1-4; N, 18-49%. 
Calc. for Ti(NO;),: Ti, 16-25; N, 18-92%]. 

Reactions between Sodium and Potassium Chloride and Liquid Dinitrogen Tetroxide.—Dinitrogen 
tetroxide was heated with (a) potassium chloride and (b) sodium chloride at 100° for 3 days in a sealed tube. 
After reaction the excess of tetroxide was boiled off and the residue heated to 120° for 1 hour [Found : 
N, 5-0 (from KCl); N, 2-6% (from NaCl). 

Reactions between Moist Sodium and Potassium Chloride and Gaseous Dinitrogen Tetroxide.—The dried 
alkali chloride was contained in a column at the top of which a ground joint led to a receiver cooled to 
—20°.. Nitrogen peroxide was passed through dry cupric oxide (to remove any trace of nitric acid) 
before entering the base of the column. In the presence of 2% of water a definite reaction zone formed, 
which moved slowly up the column, the temperature of this part of the column being about 10° higher 
than the upper part. 
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661. Cherry Gum. Part III. An Examination of the Products of 
Hydrolysis of Methylated Degraded Cherry Gum, using the Method of 
Paper Partition Chromatography. 


By J. K. N. Jongs. 


Methylated degraded cherry gum yields on hydrolysis a mixture of methylated sugars which 
have been separated by means of partition chromatography on a column of cellulose. After 
separation, 2:3:4-trimethyl and 2: 4-dimethyl p-xylose, 2:3:4:6-tetramethyl, 2: 4: 6- 
trimethyl, 2 : 4-dimethyl, and 2 : 6-dimethyl p-galactose, 2 : 3 : 4-trimethyl and 2 : 3-dimethyl 
p-glucuronic acid were identified. Two unidentified sugars, probably derivatives of mannose, 
were also arated. Oxidation of cherry gum with periodate results in destruction of the 
xylose and of about half of the arabinose; the galactose is unaffected. The significance of these 
results is discussed. 


EARLIER work (Jones, J., 1939, 558) has shown that cherry gum yields on hydrolysis a mixture 
of L-arabinose (52% as C;H,O,), D-xylose (ca. 1% as C;H,O,), D-galactose (26% as C,H,,0,), 
D-mannose (10% as C,H,,O;), and p-glucuronic acid (11% as C,H,O,). These analytical 
figures have been confirmed by the separation and estimation of the products of hydrolysis of 
the gum by the method of Flood, Hirst, and Jones (J., 1948, 1679; see Experimental section). 
Graded hydrolysis of the ash-free acidic polysaccharides yields L-arabinose and a degraded 
polysaccharide gum composed of p-xylose, D-galactose, D-mannose, and D-glucuronic acid 
residues. This arabinose-free polysaccharide has now been methylated by the thallium 
hydroxide—methyl iodide method (Menzies, J., 1926, 937; Hirst and Jones, J., 1938, 502). 
Examination, on the paper chromatogram (Brown, Hirst, Hough, Jones, and Wadman, Nature, 
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1948, 161, 720), of the sugars produced on hydrolysis of the methylated degraded gum’showed 
that they were a complex mixture. Partial separation of these sugar derivatives was achieved 
by partition chromatography on a column of cellulose using the procedure of Hough, Jones, 
and Wadman (Nature, 1949, 163, 177; this vol., p. 2511). This method of analysis led to the 
isolation of pure fractions of sugars, but owing to the small quantity of material available 
no attempt was made at this stage to determine quantitatively the amounts of sugars present. 

The following sugars were separated by this procedure and subsequently identified : 

(1) 2: 3:4: 6-Tetramethyl p-galactose (cf. I). This, as well as (2), (3), (4), and (6), were 
identified as their crystalline anilides. 

(2) 2:3: 4-Trimethyl p-xylose (cf. II), isolated as the crystalline sugar. 

(3) 2:4: 6-Trimethyl p-galactose (cf. III), identified as its crystalline anilide. 

(4) 2: 4-Dimethyl p-xylose (cf. IV), isolated as its crystalline anilide. 

(5) 2: 6-Dimethyl p-galactose (cf. V), the structure being indicated by its non-identity 
with 2:4-, 3:4-, and 4: 6-dimethyl pD-galactose and by its conversion on methylation into 
2:3:4:6-tetramethyl p-galactose; this proves it to be a derivative of D-galactose and to 
possess a hydroxyl group on C,,,. Its identity with 2 : 6-dimethyl galactose was confirmed by 
its rate of movement on the paper chromatogram. 

(6) 2: 4-Dimethyl p-galactose (cf. VI), identified as its crystalline anilide. 

(7) A trimethyl mannose (?) and a dimethyl mannose (?) derivative were also detected on 
the paper chromatogram. They were considered to be derivatives of mannose from their rate 
of movement on the chromatogram. It is known that at least one derivative of D-mannose 
must be present since the degraded gum on further hydrolysis yields an aldobionic acid 
consisting of p-glucuronic acid linked through C,,, of a D-mannose residue. It follows that 
either 3 : 4 : 6-trimethyl D-mannose or other derivatives such as 4 : 6-, 3: 6-, or 3 : 4-dimethy) 
or a monomethyl] derivative of mannose must be present in the products of hydrolysis of the 
methylated degraded gum. 

(8) 2:3:4-Trimethyl p-glucuronic acid (cf. VII) was identified, after oxidation and 
esterification, as the methyl ester of 2 : 3 : 4-trimethyl D-glucosaccharolactone 

(9) 2: 3-Dimethyl p-glucuronic acid (cf. VIII) was converted into 2: 3-dimethyl D-gluco- 
saccharic acid and identified as the methy] ester of 2 : 3-dimethyl p-glucosaccharofuranolactone. 

The isolation of these methylated sugars shows that degraded cherry gum (arabinose-free) 
is a branched-chain polysaccharide containing terminal residues of D-galactopyranose and 
D-xylopyranose. The isolation of 2: 4: 6-trimethyl and 2 : 4-dimethyl p-galactose shows that 
the 1 : 3-type of linkage present in damson gum (Hirst and Jones, J., 1946, 506) is also present 
in cherry gum. The isolation of 2 : 6-dimethyl D-galactose (cf. Bell, J., 1945, 682; Dewar and 
Percival, Nature, 1945, 156, 633) shows that a 1 : 4-type linkage is also present. Methylated 
cherry gum on hydrolysis yields a complex mixture of sugars, not all of which were identified 
(Jor.es, J., 1947, 1055). Evidence was given for the presence of a dimethyl pentose fraction 
which was not affected by sodium periodate; this therefore contained no adjacent hydroxyl 
groups, and gave on oxidation a pyranolactone, showing that Cy, was substituted with a 
methoxyl group. The isolation of 2: 4-dimethyl p-xylose from methylated degraded cherry 
gum is strong indication that this sugar was probably present also in the products of hydrolysis 
of methylated cherry gum. It is of interest that in this case the D-xylopyranose residue is 
substituted through C,;,, not through C,,, as in some of the plant mucilages (Mullan and 
Percival, J., 1940, 1501) and tragacanthic acid (James and Smith, J., 1945, 741), or through 
Cy, as in xylan (Bywater, Haworth, Hirst, and Peat, J., 1937, 1983). 

Both methylated cherry gum and methylated degraded cherry gum yield, on hydrolysis, 
mixtures of 2:3: 4-trimethyl and 2: 3-dimethyl p-glucuronic acid, indicating that these 
residues are not substituted by L-arabofuranose residues. 

The sugar residues (I)—(VIII) are present in methylated degraded cherry gum and are 
united through the carbon atoms indicated. 

Oxidation of cherry gum with potassium periodate gave approximately 2 molecules of 
formic acid per equivalent of the gum. As glucuronic acid residues are present as end groups 
in the polysaccharide, it is doubtful whether this yield of formic acid has any structural 
significance (see Halsall, Hirst, and Jones, J., 1947, 1427). During this oxidation some seven 
moles of periodate were consumed. The production of a mole of formic acid requires the 
reduction of two moles of periodate; approximately three sugar residues per equivalent of the 
gum were therefore oxidised by the periodate, in addition to the uronic acid residue. Analysis 
of the oxidised gum showed that the galactose was unaffected (25°6% changing to 245%), but 
that the xylose was oxidised and that the arabinose content fell from 52°2 to 20°2% (hexose 
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and pentose calculated as C,H,,O, and C,H,O, respectively). The fate of the mannose and 
uronic acid is unsettled. 


. iy ss ig a 
La Niro - wid 
ke =r eee 


H OMe 
(III.) 


pace 
awed 


Ke N Ores 
| / 
7% I he 


O,H 
oi 


La KE pre 


(VIII.) 


These results confirm the view that the galactose is not present as a derivative containing 
a-glycol groups and that arabinose is present in part (ca. 50%) in a form which is not oxidised 
by periodate. Methylated cherry gum on hydrolysis yields an amount of 2: 5-dimethyl 
L-arabinose corresponding to ca. 50% of the total arabinose content of the gum; the sugar 
residue present in the gum which leads to this derivative contains no free a-glycol group when in 
combination in the polysaccharide and would therefore resist oxidation by the periodate ion, 


EXPERIMENTAL, 


Hydrolysis of Cherry Gum.—Cherry gum (ash free; 143-5 mg.) was dissolved in Nn-sulphuric acid 
{5 c.c.) and heated in a sealed glass tube on the boiling water-bath for 5 hours. The contents were 
then washed into a beaker containing ribose (41-6 mg.). The solution was neutralised with Amberlite 
tesin 1R4B and filtered, and the filtrate concentrated to about 1 c.c. Spots of the resulting sugar 
solution were placed on the starting line of a sheet-paper chromatogram by means of an Agla micrometer 
syringe. The sugars were separated in the chromatography apparatus, with a mixture of n-butanol 
(400 parts), ethanol (100 parts), and water (190 parts) for development. The positions of the sugars 
were detected as described previously (Flood, Hirst, and Jones, Joc. cit.) and the sugars extracted and 
determined by the method of Hirst and Jones (this vol., p. 1659) (Found: galactose, 1-06 mg.; 
arabinose, 2-21 mg.; xylose, 0-12 mg.; and ribose 1-08 mg.; whence the percentages of sugars, 
ey as C,H,,O, and C,H,O, respectively, were: galactose, 25-6; arabinose, 52-2; and xylose, 

8%). 

In a second experiment, the gum (63-2 mg.) from an ornamental double white cherry tree was 
hydrolysed and added to ribose (41-6 mg.), and the following figures were obtained on analysis: galactose, 
0-26 mg.; arabinose, 0-54 mg.; xylose, 0-04 mg.; ribose, 0-60 mg.; whence the percentages of sugars, 
calculated as C,H ,,O, and C,H,0, respectively, were : galactose, 25-5, arabinose, 52-0, and xylose, 3-9%. 

Oxidation of Cherry Gum with Periodate——(a) Cherry gum (690 mg.; neutral sodium salt) was 
dissolved in water (50 c.c.) and oxidised with potassium periodate in the presence of potassium chloride 
(5 g.). After 8 days, ethylene glycol was added to the solution, and the acid produced determined by 
titration with 0-1N-sodium hydroxide (Found: titre, 8-4 c.c., equivalent to a yield of one g.-mol. of 
formic acid per 820 g. of polysaccharide). 

(b) Cherry gum (577 mg.; neutral sodium salt) was oxidised as above, but for 9 days (Found : 
titre, 7-3 c.c., equivalent to a yield of one g.-mol. of formic acid per 792 g. of polysaccharide). 

(c) Cherry gum (472 mg.; neutral sodium salt) was oxidised as described above. After 8 days, the 
consumption of sodium periodate was determined (Found : 20-5 c.c. of 0-1mM-sodium periodate consumed, 
i.e., one mol.-equiv. of a-glycol group per 230 g. of gum). 

Determination of the Sugars produced on Hydrolysis of Periodate-oxidised Cherry Gum.—The periodate- 
oxidised gum (182 mg.) was hydrolysed in a sealed tube with n-sulphuric acid (3 c.c.) for 6 hours at 100°. 
The solution was then washed into a beaker containing ribose (62-2 mg.) in water (5 c.c.). 
Acidic materials were removed with Amberlite resin 1R4B, and the neutral solution was filtered and 
evaporated to a thin syrup (containing about 10% solids). The solution was then analysed as described 
above (Found, in duplicate experiments: galactose, 1-05, 1-08; arabinose, 0-875, 0-92; ribose, 1-3, 
1-38 mg. ; whence the percentages of sugars present as C,H,,O, and C,H,O, respectively were : galactose, 
24-8, 24-1; arabinose, 20-2, 20-1%). 
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Methylation of Degraded Cherry Gum.—Degraded cherry gum (arabinose-free) (Jones, J., 1939 558) 
(30 g.) was methylated first by the thallium hydroxide—methyl iodide method, then with thallium 
ethoxide-methyl] iodide, and finally with silver oxide-methyl iodide (for details see Hirst and Jones 
loc. cit.). The product, a pale yellow solid (26-7 g.) (Found: OMe, 41-5%), was fractionated from 
chloroform solution by the gradual addition of light petroleum (b. p. 40—60°), giving (i) (11-8 g.) 
{a}? +5° (c, 0-51 in methanol) (Found: OMe, 40-9%), (ii) (3-1 g.), [a]#? +6° (c, 0-68 in methanol) 
(Found: OMe, 41-0%), and (iii) (7-6 g.), [a]?? +5° (c, 0-57 in methanol) (Found: OMe, 39-5%) 
Fraction (iv) (4:2 g.) was obtained by concentrating the chloroform-light petroleum mother-liquor. 
It was a sticky solid which was not further examined. Fractions (i), (ii), and (iii) were pale yellow crisp 
solids with very similar properties; they were therefore combined. The methylated product was 
soluble in methanol, acetone, chloroform, benzene, and cold water. |t was soluble, with hydrolysis, in 
cold 14N-sulphuric acid (Jackson and Smith, J., 1940, 74), [a]}? +24° (c, 1-4), rising to +78° (constant 
value) in 20 hours. (Owing to enemy action, the majority of the methylated derivative was lost and 
only a small portion could be used for analysis.) 

Hydrolysis of the Methylated Derivative-—A portion (2-90 g.) was heated with methanolic hydrogen 
chloride (4%; 50 c.c.) in a sealed tube at 100° for 12 hours. The solution was then neutralised with 
silver carbonate and filtered. Concentration of the filtrate gave a syrup (3-31 g.) which was hydrolysed 
with N-hydrochloric acid (50 c.c.) at 95° for 8 hours. The cooled solution was neutralised with silver 
carbonate and filtered, and the filtrate treated with hydrogen sulphide and again filtered. After 
aération to remove hydrogen sulphide, barium carbonate was added to neutralise the uronic acids, and 
the solution filtered and concentrated to a syrup which was exhaustively extracted with ether, leaving a 
residue of insoluble barium salts (1-42 g.). Concentration of the ethereal extract left a syrup (1-78 g.) 
which was separated, in part, into its constituents by partition chromatography on a column of cellulose, 
using -butanol, half saturated with water, as the mobile phase and auramine as the indicator (Hough, 
Jones, and Wadman, /oc. cit.). Auramine has a Rg value of ca. 1-0 and it was found that, by use of a 
column of dimensions 40 x 4 cm., auramine was detected in the eluent after about 400 c.c., and 
sugars after 430 c.c., of solvent had passed through the column. The eluent, collected in ca. 6-c.c. 

rtions, was examined on the paper chromatogram by the method described by Hough, Jones, and 
adman, and was thus separated into the following 6 fractions. 

(1) (0-43 g.) (Found: OMe, 46%) contained 2: 3 : 4-trimethyl p-xylose (Rg 0-96), 2: 3: 4: 6-tetra- 
methyl p-galactose (Rg 0-88), and traces of an unknown sugar (Rg 0-83). 

(2) (0-22 g.) (Found: OMe, 39-8%) contained 2: 4: 6-trimethyl pD-galactose (Rg 0-69) and traces 
of 2:3: 4-trimethyl xylose, 2: 3: 4: 6-tetramethyl D-galactose and an unknown sugar (Rg 0-83). 

(3) (0-41 g.) (Found: OMe, 39-7%) contained mainly 2: 4: 6-trimethyl pD-galactose (Rg 0-69) with 
traces of an unknown sugar (Rg 0-56). 

(4) (0-20 g.) (Found: OMe, 35-8%) contained 2 : 4-dimethyl p-xylose (Rg 0-64) and an unidentified 
D-mannose (?) derivative (Rg 0-56). 

(5) (0-12 g.) (Found: OMe, 29-9%) consisted of a mixture of 2 : 6-dimethyl p-galactose (Rg 0-44) 
and 2: 4-dimethyl p-galactose (Rg 0-39). 

(6) (0-09 g.) (Found: OMe, 29-0%) contained 2 : 4-dimethyl p-galactose. 

Examination of the fractions. Fractions (1) and (2) were combined and refractionated, with a 
mixture of n-butanol (1 vol.) and light petroleum (b. p. 80—100°) (9 vols.). Six fractions were isolated. 
The first, (a), on concentration yielded crystalline 2 : 3 : 4-trimethyl p-xylose (0-05 g.), m. p. and mixed 
m. p. 91°. Fraction (b) (107 mg.) contained a mixture of 2: 3: 4-trimethyl p-xylose and 2:3: 4:6- 
tetramethyl p-galactose, identified as its anilide (m. p. and mixed m. p. with an authentic specimen, 
194°). Fraction (c) (80 mg.) contained only 2:3: 4: 6-tetramethyl p-galactose (Rg 0-86), identified 
as its anilide, m. p. 195°. Fraction (d) (40 mg.) also contained only 2: 3 : 4: 6-tetramethyl p-galactose 
(anilide m. p. 194°). Fraction (e) (90 mg.) contained a little 2 : 3 : 4: 6-tetramethyl galactose (anilide, 
m. p. 192°) and an unidentified sugar (trimethyl mannose?) of Rg 0-83. The last fraction (250 mg.) 
contained mainly 2: 4: 6-trimethyl pD-galactose (anilide, m. p. 179°, not depressed on admixture with 
an authentic specimen). Traces of unidentified sugars with Rg values of 0-82 and 0-79 were also present. 

Fraction (3) was boiled with alcoholic aniline (10%; 5 c.c.). On cooling, 2:4: 6-trimethyl 
D-galactose anilide separated, having m. p. 174° (176° on admixture with an authentic specimen of 
m. p. 178°). A specimen of the anilide (ca. 0-1 mg.) was dissolved, with gentle warming, in dilute hydro- 
chloric acid, and the solution examined on the paper chromatogram. Only 2: 4: 6-trimethy] galactose 
could be detected, characterised by its rate of movement compared with that of an authentic specimen 
of 2 : 4: 6-trimethyl galactose anilide treated in a like manner. 

Fraction (4) (0-20 g.) was refractionated, with n-butanol—water as solvent. Three fractions were 
isolated. Fraction (a) had Rg 0-64, and chromatographic analysis showed it to contain one main 
component and traces of another sugar. When boiled with alcoholic aniline, it gave an anilide, m. p. 
174° after recrystallisation from ether. This was 2: 4-dimethyl pD-xylose anilide; the m. p. was 
depressed to 158° on admixture with 2:3: 4-trimethyl D-galactose anilide, but not depressed on 
admixture with an authentic sample of 2 : 4-dimethyl p-xylose anilide (cf. Wintersteiner and Klingsberg, 
J. Amer. Chem. Soc., 1949, 71, 939). Fraction (b) consisted of a mixture of 2: 4-dimethyl 
xylose (Rg 0-64) and an unknown sugar, also contained in fraction (c), with Rg 0-54, [a]?? +30° (c, 0-38 
in water). This material (dimethyl mannose?) did not crystallise and did not give a crystalline anilide. 
The lactone, prepared in the usual manner also failed to crystallise. 

Fraction (5) crystallised on storage. It was recrystallised from acetone-ether. The crystals of 
2 : 6-dimethyl galactose had m. p. 134° and by comparison of their rate of movement in the chromato- 
graphic apparatus with that of authentic specimens, they were shown to differ from 2: 4-, 4: 6-, and 
3:4-dimethyl galactose. When the crystals were kept, their melting point fell to that of the 
corresponding hydrated derivative, m. p. 98—100°, not depressed on admixture with an authentic 
specimen of 2 : 6-dimethyl p-galactose monohydrate. Methylation, with Purdie’s reagent, of a small 
portion of the crystals gave 2: 3: 4: 6-tetramethyl af-methyl-p-galactoside, identified after hydrolysis 
as the anilide of 2: 3 : 4: 6-tetramethyl p-galactose. 
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Fraction (6), when boiled with alcoholic aniline, yielded 2: 4-dimethyl p-galactose anilide, m. p. 
204°, not depressed on admixture with an authentic specimen. 

Examination of the barium salts. The barium salts (1-42 g.) were dissolved in water, and barium 
jons removed with Amberlite resin I.R.100. The filtered solution was concentrated under reduced 
pressure to a syrup which was dissolved in butanol and separated on a column of cellulose, by means of 
the top layer of a mixture of n-butanol (50 parts), n-butyl acetate (6 parts), acetic acid (4 parts), and 
water (40 parts). 

Four fractions were isolated, each appearing to be homogeneous since only one sugar could be 
detected on the paper chromatogram. Portions of these syrups gave bright red colours on filter paper 
after spraying it with aniline trichloroacetate solution and warming the paper (optical rotations were 
not observable) : (A) (0-3 g.) (Found: OMe, 32:°3%; equiv., 240); (B) (0-4 g.) (Found: OMe, 26-0%; 
equiv., 230) ; (C).(0-1 g.) (Found: OMe, 19-6%; equiv., 260) ; and (D) (0-4 g.) (Found: OMe, 141%; 
equiv., 320) (retained at the top of the column and recovered after washing the column with methanol). 

Fraction (A) (0-2 g.) was oxidised with bromine water until non-reducing (3 days at 20°), and the 
acid isolated in the usual manner after removal of bromine ions from the solution. Esterification of 
the acid with methanolic hydrogen chloride, followed by distillation under reduced pressure, yielded the 
methyl ester (0-18 g.), m. p. 110° (Found :‘ OMe, 49-8. Calc. for C,.H,,0,: OMe, 50-0%), of 2:3: 4- 
trimethyl p-glucosaccharolactone. 

Fraction (B) (0-3 g.), after oxidation with bromine water followed by esterification with methanolic 
hydrogen chloride, yielded, on distillation, 2: 3-dimethyl p-glucosaccharofuranolactone methyl ester 
(0-25 g.), m. p. 101°, not depressed on admixture with an authentic specimen (Found: OMe, 39-0. 
Calc. for CgH,,0,: OMe, 39-7%). 

Fractions (C) and (D) were oligosaccharides, since on further hydrolysis they yielded mixtures of 
sugars and uronic acids, and they were not further examined. 


The author is indebted to Professor E. L. Hirst, F.R.S., for his interest and advice. 
THE UNIVERSITY, BRISTOL. (Received, August 29th, 1949.] 





662. The Structure of Sterculia setigera Gum. Part I. An Investig- 
ation by the Method of Paper Partition Chromatography of the Products 
of Hydrolysis of the Gum. 


By E. L. Hirst, L. Hoven, and J. K. N. Jones. 


Sterculia setigera gum, a partly acetylated acidic polysaccharide, has been shown to consist 
of the following sugars in the approximate proportions indicated: p-galactose (5 parts), 
L-rhamnose (5 a D-tagatose (1 part), p-galacturonic acid (8 parts), and traces of two 
other sugars. artial hydrolysis of the gum gave a mixture of reducing sugars and a stable 
acidic portion (A) (equiv., 234); methylation of (A), followed by fractional distillation in a high 
vacuum, gave a complicated mixture of oligo-saccharides which, on hydrolysis, yielded 3 : 4-di- 
methyl L-rhamnose, 2 : 3 : 6-trimethyl p-galactose, 2 : 3 : 4-trimethyl p-galacturonic acid, and 
2: 4(or 3: 4)-dimethyl p-galacturonic acid. The significance of these results is discussed. 


THE tree Sterculia setigera, which occurs in tropical West Africa, forms on its bark a gum which 
is marketed in the form of hard brown amorphous nodules. This gum absorbs large quantities 
of water, swelling to many times its original size and giving a viscid gel, indistinguishable in 
appearance from solutions of other plant gums and mucilages. Like many of these materials it 
contains a high proportion of uronic acid residues. 

Sterculia setigera gum, a sample of which was supplied to us by Sir John Simonsen, F.R.S., 
Director of Research to the Colonial Products Research Council, has not hitherto been described, 
but gums from other trees of the Sterculiacee family, namely Sterculia urens (Hirst, Jones, and 
Woods, unpublished results), Sterculia tormentosa (Beauquesne, Compt. rend., 1946, 222, 1056) 
and Cochlospermum gossypium (Robinson, J., 1906, 89, 1496; Dunstan, Hirst, and Jones, 
unpublished results) have received some attention. Karaya gum, the dried exudation of 
Sterculia urens, is of considerable commercial value as a substitute for the more expensive gum 
tragacanth in the textile, food, cosmetic, and other industries. It is clear from the preliminary 
investigations that there is a striking similarity in the composition of the various Sterculia gums, 
since they all occur as partly acetylated derivatives (acetyl content, ca. 16%) and, after 
purification, the acidic polysaccharides (acetyl-free) have an equivalent weight of about 400. 
Furthermore, in each case D-galacturonic acid, p-galactose, and t-rhamnose are the major 
constituents of the gums. Sterculia setigera gum shows a close relationship to these materials 
in that the natural product contains 15°5% of acetyl and the equivalent weight of the purified 
material is of the order of 370—400. 


The carbohydrate material of each of three separate nodules of Sterculia setigera gum was 
purified by repeated precipitation by alcohol from acidic aqueous solutions, the final products 
9R 
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being obtained as colourless fibres. The optical rotatory powers, the equivalent weights, the 
uronic anhydride contents, and the sugars produced on hydrolysis (as examined by paper 
partition chromatography) were similar for each of the nodules, but the differences were 
sufficient to show that the composition of the gum may be variable. 

The gum is extremely resistant to hydrolysis by mineral acids, such drastic conditions being 
required for complete scission that the reaction is accompanied by much degradation of the 
monosaccharides. The non-acidic reducing sugars produced were found, on examination on the 
paper chromatogram (Partridge, Nature, 1946, 158, 270; Flood, Hirst, and Jones, J., 1948, 1679; 
Forsyth, Nature, 1948, 161, 239), to consist of equimolecular proportions of galactose and 
rhamnose, together with traces of two ketoses which occupied the same positions on the paper 
chromatogram as rhamnoketose and tagatose. Ketoses are very sensitive to acid and would 
have been largely destroyed under the conditions necessary for the complete hydrolysis of the 
gum. Partial hydrolysis of the gum, however, gave, with little degradation, a mixture of sugars 
and a stable acidic fraction (A, see Experimental section), the properties of which corresponded to 
those of a trisaccharide containing two uronic acid units and one sugar unit. After separation 
from the acidic fraction (A), the non-acidic reducing sugars were analysed by paper partition 
chromatography, and evidence was obtained for the presence of the following sugars in the 
proportions indicated : galactose (7 parts), tagatose (2 parts), rhamnose (5 parts), and rhamno- 
ketose (traces). The mixture of sugars was separated by partition chromatography on a column 
of cellulose using m-butanol saturated with water as the mobile phase (Hough, Jones, and 
Wadman, this vol., p. 2511); the degree of separation may be judged from the following table, 
which shows the percentage yields of the components : 


Re values of the 
Fraction. % Yield. components. Sugars present. 
1 0-9 0-38 Rhamnoketose ( ?) 


2 0 30 L-Rhamnose 

3 ° 0-17; 0-13 D-Tagatose; xylose ( ?) 

4 0-17; 0-13; 0-07 D-Tagatose; xylose (?); D-galactose 
5 . 0-07 D-Galactose 


Fractions 2 and 5 crystallised spontaneously on removal of the solvent, and pure specimens of 
i-rhamnose hydrate and D-galactose were obtained. Fraction 1 contained a ketose, which 
‘displayed the same properties as rhamnoketose on the paper chromatogram, but further evidence 
is necessary for its conclusive identification. Two sugars were present in Fraction 3—an aldose 
and a ketose. The aldose was present only in small quantity and was not detected in the 
hydrolysis products of the gum, before this experiment, owing to the small quantity present. 
This aldose moved to the same position as xylose on the paper chromatogram, but this evidence 
is only indicative and further information is necessary for its conclusive identification. 
D-Tagatose (D-galactoketose) (I) was obtained in crystalline form after bromine oxidation of the 
aldose to the aldonic acid and removal of the latter by use of Amberlite resin IR4B. This 
sample of p-tagatose was identical with the synthetic specimen, kindly supplied by Professor T. 
Reichstein. D-Tagatose has not hitherto been reported as occurring in Nature and this is the 
first instance in which a ketose has been detected amongst the products of hydrolysis of a plant 
gum. A preliminary account of the identification of D-tagatose was published elsewhere 
(Nature, 1949, 163, 177). The possibility of p-tagatose arising from D-galactose by epimerisation 
-during the neutralisation procedure, which involves treatment with barium carbonate, was ruled 
out by removing the acid with an ion-exchange resin, Amberlite IR4B, leaving a neutral solution ; 
concentration of this solution gave a syrup in which D-tagatose, D-galactose, and L-rhamnose 
were detected. It is considered that the tagatose is a constituent of the polysaccharide and not 
an artefact. 

The acidic fraction (A) (equiv., 234) was extremely resistant to acid hydrolysis and required 
prolonged heating (24 hours) with 2n-sulphuric acid for its complete scission. Such drastic 
treatment results in loss of both uronic acid and non-acidic sugars. The uronic acid, isolated as 
the barium salt, was identified as p-galacturonic acid. In this respect, Sterculia setigera gum is 
similar to the plant mucilages and to gum tragacanth (James and Smith, J., 1945, 749) rather 
than to the plant gums hitherto examined (cf. Hirst, this vol., p. 530). 

Whilst it is not yet possible to give an accurate estimate of the composition of the gum in 
view of the drastic conditions necessary for hydrolysis, the analytical data for the purified gum, 
considered in conjunction with the results obtained on hydrolysis of the gum, indicate that the 
following monosaccharides are present approximately in the proportions indicated : p-galactose 
{5 parts), t-rhamnose (5 parts), D-tagatose (1 part), and p-galacturonic acid (8 parts), with traces 
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of two other sugars, possibly xylose and rhamnoketose. This corresponds to an equivalent 
weight of 389. 


H,-OMe 
HO 2 

Ku » 

OMe 
(III.) 

An essential step towards the elucidation of the structure of the gum is the investigation of 
the stable residue which remains after partial hydrolysis of the gum. This material was therefore 
isolated and converted into the fully methylated derivative which could be purified by distillation 
ina high vacuum. The distillate consisted largely of material, the analytical data for which 
corresponded to those required for (a) a trisaccharide containing two uronic acid units and one 
sugar or (b) a mixture of disaccharides composed of a biuronoside (1 part) and an aldobiuronic 
acid (2 parts). The boiling point of the fraction strongly suggests that the latter view is correct. 
Hydrolysis of the fully methylated material yielded a mixture of reducing sugars composed of an 
acidic and a neutral fraction. The non-acidic sugars consisted of 3 : 4-dimethyl L-rhamnose 
(86%) (II) and a small quantity of 2 : 3 : 6-trimethyl p-galactose (14%) (III). These derivatives 
were completely separated on a column of cellulose by partition chromatography, using a mixture 
of butanol and light petroleum as the mobile phase. 3 : 4-Dimethyl L-rhamnose was identified 
as the crystalline sugar (Bott, Haworth, and Hirst, J., 1930, 1395; Levene and Kreider, J. Biol. 
Chem., 1937, 120, 602). The galactose derivative was recognised after oxidation, with bromine 
water, to crystalline 2 : 3 : 6-trimethyl D-galactonofuranolactone (Oldham and Bell, J. Amer. 
Chem. Soc., 1938, 60, 323). 

The analytical figures for the methylated uronic acids produced on hydrolysis of the 
methylated material corresponded approximately to those required for equimolecular proportions 
of tri- and di-methyl galacturonic acids. This mixture was separated on a column of cellulose, 
using a mixture of butanol, acetic acid, and water as the mobile phase. The separation was not 
absolute but pure specimens of 2 : 3: 4-trimethyl (IV) (45% of the total solids) and dimethyl 
p-galacturonic acid (31%) were obtained. Very small quantities of two other uronic acid 
derivatives, the positions of which corresponded to 2: 3-dimethyl and 2-methyl galacturonic 
acid on the paper chromatogram, were obtained. The uronic acids were detected on the paper 
chromatogram by spraying it with an alcoholic solution of trichloroacetic acid and aniline and 
then heating the chromatogram, intense red spots being thus formed. These products arise 
either from incomplete methylation or (less probably) from the demethylation of the more fully 
methylated uronic acids during methanolysis. The dimethyl p-galacturonic acid was obtained 
as a syrup which with cold methanolic hydrogen chloride did not exhibit a downward change in 
optical rotation, the presence of a methoxyl group on C,,, being thus indicated. (A solution of 
2:3-dimethyl p-galacturonic acid in cold methanolic hydrogen chloride changes from a positive 
to a negative value in optical rotation.) This suggests that it is either 3 : 4- or 2 : 4-dimethyl 
D-galacturonic acid, but neither of these materials has been described in the literature and direct 
comparison was not possible. From the evidence cited above, it would appear that the products 
obtained by partial hydrolysis of the gum contained at least three disaccharides : 





CH,-OH 


LO 

os Kon 1 >H.OH 
Oo H 4 
OH 


HO Jo 
= x, OH 


| 
H I se Z 
i : Oe 
i bu (V.) (VI.) 


(1) 2-p-galacturonosido-L-rhamnose (V) in which both residues are present in the pyranose form ; 
this aldobiuronic acid has been found amongst the hydrolysis products of linseed mucilage 
(Tipson, Christman, and Levene, J. Biol. Chem., 1939, 128, 609) and slippery elm mucilage 
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(Gill, Hirst, and Jones, J., 1939, 1469); (2) p-galacturonosido-p-galacturonic acid, in which a 
pyranose D-galacturonic acid residue is united by its reducing group to a hydroxyl group at 
either C,s, or C,., of another pyranose D-galacturonic acid residue; and (3) a small quantity of an 
aldobiuronic acid, D-galacturonosido-D-galactose (VI), in which the pyranose form of the uronic 
acid is linked through its reducing group to a hydroxyl group at C,,; of the galactose residue (on 
the assumption that the galactose occurs in the pyranose form). 


EXPERIMENTAL. 


All boiling points are recorded as bath temperatures, and optical rotations are measured in aqueous 
solution, unless otherwise stated. 

Purification and Properties of Sterculia setigera Gum.—Sterculia setigera gum occurs as the partly 
acetylated derivative of the inorganic salt of an acidic polysaccharide, the acidity being due to uronic 
acid residues (Found, for dried material: sulphated ash, 12-8; OMe, nil; N, nil; S, nil; Ac, 15-5%), 
The gum absorbs large quantities of water, swelling to many times its original size to form a bulky jelly 
which is neutral and does not reduce Fehling’s solution. Three nodules of gum were selected and purified 
in the following manner. The nodule was dried in a steam-oven for 4 hours and then powdered and 
‘dissolved with stirring (24 hours) in 5% sodium hydroxide solution. Bark and other extraneous material 
were removed at the centrifuge, and the clear, brown, viscous solution was decanted. The solution was 
chilled and acidified by the careful addition of concentrated hydrochloric acid, and the acidic polysaccharide 
was isolated by pouring the pale yellow mobile solution, with stirring, into 4 volumes of absolute alcohol. 
The fibrous precipitate was removed on a spatula and was immediately dissolved, with stirring (24 hours), 
in 20% aqueous alcohol. Subsequently, the polysaccharide was reprecipitated by pouring the solution 
into absolute alcohol. The | gg. ten was dried to constant weight at 60° under reduced pressure over 

hosphoric oxide. The acidic polysaccharide gave negative tests for chloride ions and acetyl groups; 
it was difficultly soluble in water, but readily dissolved in aqueous sodium hydroxide. ‘ The sodium salt of 
the polysaccharide was non-reducing and with copper sulphate solution gave an insoluble copper salt. 
Each of the three polysaccharide samples (2-5 g. each) was hydrolysed with N-sulphuric acid (100 ml.) 
on the boiling-water bath for 20 hours; the reaction being followed polarimetrically. After hydrolysis, 
the solutions were neutralised with barium carbonate and filtered. The filtrates were evaporated under 
reduced pressure at 40° and the syrups so obtained were examined on the paper chromatogram. The 
results suggested the presence in each hydrolysate of a uronic acid (Rg 0-00), galactose (Rg 0-07), tagatose 
(Rg 0°13), rhamnose (Rg 0-30), and rhamnoketose (Rg 0-38). . 

Determination of the Sugars produced on Complete Hydrolysis of the Acidic Polysaccharide.—The purified 
gum (20 mg.) was hydrolysed with 2N-sulphuric acid in a sealed tube at 100° for 24 hours. The solution 
was neutralised by the use of Amberlite resin IR4B, filtered, and evaporated toathin syrup. The neutral 
reducing sugars present in this were separated on a paper chromatogram, and each sugar was determined 
by use of Somogyi’s micro-copper reagent (Flood, Hirst, and Jones, loc. cit.). The strips of filter paper, 
each containing one of the separated sugar components, contained respectively galactose 1-31 mg., 
tagatose a trace, rhamnose 1-16 mg., and rhamnoketose a trace. The major constituents, galactose and 
rhamnose, were therefore present in equimolecular proportions. 

Graded Hydrolysis of the Gum.—Dry Sterculia gum (25 g.) was heated with 0-05n-sulphuric acid 
(500 ml.) at 90—95°, the reaction being followed polarimetrically : [a]p +66° (3 hours), +-70° (10 hours), 
+80° (13 hours), +80° (14 hours), and +78° (15 hours). The solution was then cooled and the liberated 
acetic acid removed by continuous extraction with ether. The solution was neutralised by the addition 
of barium carbonate and filtered, and the filtrate was evaporated under reduced pressure at 40°. The 
residue (A) (25 g.) was extracted with boiling methyl alcohol (4 x 250 ml.). The insoluble barium salts 
(17 g.) were collected and dried. 

Analysis and Identification of the Neutral Reducing Sugars from (A).—The combined methanolic extracts 
were concentrated under reduced pressure to a syrup {5-8 g.; [a]p +40-5° (c, 3-3) ; sulphated ash, 7:2%; 
Ac, nil}. Quantitative analysis of a portion of the syrup by paper partition chromatography indicated 
that galactose, tagatose, and rhamnose were present in the molecular proportions 7 : 2 : 5, and that only 
traces of rhamnoketose were present. The galactose and rhamnose were also determined as the phenyl- 
methylhydrazone and the benzoylhydrazone respectively (Hirst, Jones, and Woods, /J., 1947, 1048). A 
portion (0-143 g.) of the syrup in water (3 ml.) gave galactose phenylmethylhydrazone, m. p. 185° (decomp.) 
(0-083 g., =0-061 g. of galactose, corresponding to 43% of the syrupy mixture of sugars). In addition, 
another portion of the syrup crystallised on storage; D-galactose, isolated after draining of the material 
on a tile and recrystallised from methyl alcohol, had m. p. and mixed m. p. 161°, [a]p +81-7° (equilibrium; 
c, 0°42). To another portion (0-83 g.) of the syrup in water (1-5 ml.) a saturated solution of benzhydrazide 
in alcohol (7-5 ml.) was added. Rhamnose benzoylhydrazone separated, having m. p. 183° (decomp.) 
(0-056 g., corresponding to the presence of 34% of rhamnose in the syrup). 

A portion (1-6 g.) of the sugar mixture was separated by partition chromatography on a column of 
cellulose, with n-butanol, saturated with water, containing a little ammonia as the mobile phase. The 
eluate was fractionated as described by Hough, Jones, and Wadman (Joc. cit.). The eluate was divided 
into the following five fractions, and the solvent was removed by evaporation under reduced pressure at 40°. 

(1) 15 Mg., [a]p +12-0° (c, 0-8), Rg 0-38. This contained a ketose which in view of its high Rg value 
is, in all probability, a pentose derivative. It moved to the same position on the paper chromatogram 
as rhamnoketose and gave an intense red colour when heated with naphtharesorcinol and trichloroacetic 


acid. 
(2) 414 Mg., [a]p +9-4° (c, 1-0), Ra 0-30. This crystallised spontaneously on removal of the solvent, 
giving L-rhamnose hydrate, m. p. 95°, [a]p +9-4° (equilibrium; c, 1-0); the m. p. of the anhydrous 
_ substance was 124°, undepressed on admixture with an authentic specimen. 
(3) .145 Mg., [a]p +8-0° (c, 1-1). This contained p-tagatose (Rg 0-13) and another sugar (Ra 0-17) 
which behaves as xylose on the paper chromatogram. The mixture contained 25-4% of aldose, as 
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determined by oxidation with alkaline hypoiodite. The aldose was removed in the following manner. A 

rtion of the fraction (120 mg.) was oxidised with bromine water for 24 hoursat room temperature. The 
omine was then removed by aération, the solution was neutralised with silver carbonate, and the 
insoluble silver salts were filtered off. Silver was removed by passage of hydrogen sulphide, followed by 
filtration. The aldonic acid was then removed by use of Amberlite resin IR4B, and the neutral solution 
was evaporated to a syrup (69 mg.). D-Tagatose was obtained crystalline when the syrup was seeded 
with a synthetic specimen {m. p. and mixed m. p. 133—135°, [a]if —2° (c, 0-85)}. Proof of identity was 
given by X-ray analysis for which we are indebted to Dr. T. Malkin. Further confirmation was obtained 
by the formation of p-galactosazone (m. p. and mixed m. p. 175°). 

(4) 373 Mg., [a]p +33-8° (c, 1-1). This contained at least three sugars which moved at the same rate 
as galactose (Rg 0-07), tagatose (Rg 0-13), and xylose (Rg 0-17) on the paper chromatogram. 

(5) 640 Mg., [a]p +80-5° (c, 0-5), Rg 0-07. This crystallised spontaneously after removal of the 
solvent, giving D-galactose, m. p. and mixed m. - 161°, [a]p +80-5° (equilibrium; c, 0-5). 

Analysis and Hydrolysis of the Barium Salts obtained from (A).—The barium salts were obtained as a 
white amorphous powder, easily soluble in water and showing [a]p +59° (c, 2-2) (Found: Ba, 22-8%; 
Ac, nil). Preliminary experiments showed that the barium salts were extremely resistant to hydrolysis, 
requiring the use of 2N-sulphuric acid for their complete scission. The barium salts (2-5 g.) were heated 
at 90—95° with 2N-sulphuric acid (100 ml.) for 24 hours, the reaction being followed polarimetrically : 
falp +56° (initial), +33° (4 hours), +19° (14 hours), +16° (17 hours), +12° (19 hours), and +12° 
(24 hours). The reaction was accompanied by degradation of the sugars, and after 14 hours it was 
necessary to treat a small sample with charcoal before each polarimetric observation. The brown 
solution was neutralised with barium carbonate, filtered, and evaporated in the usual manner. The 
residue (B) (1-2 g.) was extracted with boiling methyl alcohol (3 x 50 ml.), and the insoluble barium 
salts were collected and dried. 

Analysis and Identification of the Neutral Reducing Sugars from (B).—The syrup {0-86 g.; [a]p +11-6° 
(c, 0-85)} obtained on evaporation of the methanolic extracts was examined chromatographically, 
galactose, rhamnose, and traces of tagatose and rhamnoketose being detected. Ina quantitative experi- 
ment, the zones of paper holding these sugars were found to contain respectively 0-216 mg. of galactose 
and 0-515 mg.ofrhamnose. Thesesugars were therefore present in the molecularratio2:5. D-Galactose 
was determined and characterised as the phenylmethylhydrazone derivative, m. p. 185° (decomp.), the 
yield of which corresponded to 13-5% of galactose in the syrup. The methyl pentose content of the syrup 
was determined by oxidation with sodium periodate and determination of the acetaldehyde produced 
(method of Nicolet and Shinn, J. Amer. Chem. Soc., 1941, 68, 1456). The yield of acetaldehyde 
corresponded to 19% of rhamnose in the syrup. 

Analysis and Identification of the Barium Salts from (B).—The barium salts (0-30 g.) showed [a]p +21° 
(c, 1-0) and contained some degraded material (Found: Ba, 33-6. A barium hexuronate requires Ba, 
26-2%). Barium pD-galacturonate shows [a]p +25-1° (c, 1-4) (Ohle and Berend, Ber., 1925, 58, 2585). 
The barium salts (0-2 g.) were heated with 20% nitric acid (3 ml.) on a steam-bath until the volume had 
diminished by one-third. Next morning, crystals of mucic acid had separated ; recrystallised from water 
these had m. p. and mixed m. p. 216° (decomp.) (Found : equiv., 104. Calc. for CgH,,O,: equiv., 105). 
A brick-red precipitate was formed when a solution of the barium salt was warmed with a drop of basic 
lead acetate solution. This test is not given by glucuronic or mannuronic acid and is claimed to be 
specific for galacturonic acid (Ehrlich, Ber., 1932, 65, 352). 

Methylation of the Barium Salis from (A).—The barium salts (12 g.) were dissolved in water (50 ml.), 
and methyl sulphate (50 ml.) and 40% sodium hydroxide solution were added dropwise during 5 hours 
with vigorous stirring. The reaction mixture then no longer reduced Fehling’s solution. Sodium 
hydroxide solution (40%; 200 ml.) and methyl sulphate (130 ml.) were added dropwise during 3 hours, 
with continuous stirring, and stirring was continued overnight. The solution was chilled, rendered 
slightly alkaline by the cautious addition of 25% sulphuric acid, and then evaporated on the steam-bath 
to a thin paste. The residue was methylated once more by the addition of methyl sulphate (180 ml.) 
and 40% sodium hydroxide solution (300 ml.). After methylation, the solution was chilled, acidified 
with 25% sulphuric acid, and extracted 3 times with chloroform (100 ml. portions). The combined 
extracts were dried (Na,SO,) and were then evaporated under reduced pressure to a syrup (8 g.) (Found : 
OMe, 42:4%). The product was etherified by two treatments with methyl iodide and silver oxide. The 
product (6-9 g.) (Found: OMe, 47-1%) was distilled at 3 x 10 mm., giving fractions as follows: (i) 
(0-548 g.), b. p. 140—155°, [a]?? +13° (c, 0-53 in methanol) [Found : OMe, 54-2%; equiv. (by quantitative 
alkaline hydrolysis), 346. The methyl ester of trimethyl methylgalacturonoside requires OMe, 58-7%; 
equiv., 264]; (ii) (0-148 g.), b. p. 220—230°, [a]?? +23-1° (c, 0-65 in methanol), a viscous yellow syrup 
(Found : OMe, 50-5%; equiv., 309); (iii) (0-509 g.), b. p. 230—250°, [a]? +61° (c, 0-75 in methanol), a 
viscous orange syrup (Found: OMe, 49-7%; equiv., 307); (iv) (0-733 g.), b. p. 250—260°, [a]? +65° 
(c, 1-0 in methanol), a viscous orange syrup (Found: OMe, 47:8%; equiv., 308); (v) (0-375 g.), b. p. 
260—270°, [a]?? +63° (c, 0-80 in methanol), a viscous orange syrup (Found: OMe, 48-0% ; equiv., 304) ; 
and (vi) (still residue) (3-82 g.), a friable brown solid, [a]?? +94° (c, 1-0 in chloroform) (Found: OMe, 
442%; equiv., 360). 

The constants of fractions (ii)—(v) are very close to those required for either (a) a methylated 
trisaccharide consisting of two galacturonic acid units and one rhamnose unit (Calc.: OMe, 47-3%; 
equiv., 328) or (b) a mixture containing one molecular proportion of a diuronide, consisting of two 
galacturonic acid units, and two molecular proportions of an aldobiuronic acid consisting of one galacturonic 
acid unit and one rhamnose unit (Calc. : OMe, 50-2%; equiv., 339). 

Examination of fractions. (i)—(vi). (i) A portion (0-17 g.) was dissolved in N-sulphuric acid (10 ml.) 
and heated at 90—95° for 10 hours: [a]p +38° (initial value), +45° (3 hours), and +47° (5-5 hours; 
constant value). The solution was neutralised by titration with N-sodium hydroxide solution, and the 
neutral methylated sugars were removed by continuous extraction with chloroform for 8 hours. On 
evaporation the chloroform extract yielded a syrup (0-056 g.) which showed [a]?! +48° (c, 1-0) (Found : 
OMe, 43-6%). The syrup was investigated by partition chromatography on filter paper and appeared 
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to contain 2 : 3 : 4-trimethyl rhamnose (Rg 1-01) and 2 : 3: 4: 6-tetramethyl galactose (Rg 0-88). These 
materials arose from rhamnose and galactose, small quantities of which had not been completely extracted 
from the barium salt from (A). The neutral aqueous solution was acidified, and extraction with chloro- 
form was continued for 8 hours. The chloroform extract was dried Woe and concentrated under 
reduced pressure to a syrup (0-027 g.) which showed [a] +22° (c, 0-54) (Found: OMe, 39-9%). Calc. 
for C,H,,0,: OMe, 39-4%). The rotation of the syrup indicated the presence of 2 : 3: 4- and 2: 3: 5-tri- 
methyl p-galacturonic acids. The latter probably arose from the transformation of a pyranose to a 
furanose ring-form during the hydrolysis of the gum (cf. Luckett and Smith, J., 1940, 1106). 

(ii)—(vi). Each fraction (50 mg.) was heated at 100° with 4% methanolic hydrogen chloride (1 ml.) in 
a sealed tube for 15 hours. The resulting methylglycosides were then hydrolysed with 4% hydrochloric 
acid (5 ml.) for 3 hours at 100°. After neutralisation with Amberlite resin IR4B, the neutral reducing 
sugars were investigated by paper partition chromatography. The hydrolysates from fractions (ii)—(v) 
each showed spots on the paper chromatogram at positions Rg 0-84 and Rg 0-71, corresponding to 3 : 4-di- 
methyl rhamnose and 2: 3 : 6-trimethyl galactose. The paper chromatogram obtained for fraction (vi) 
showed four spots—at Rg 0-88, 0-71, 0-51 and 0-44—and was identical in ap ance with a paper 
chromatogram of the methylated sugars obtained on hydrolysis of methylated Sterculia gum, details of 
which will appear in Part II. Fractions (ii) and (vi) were not further investigated. From the results 
cited above for fractions (iii)—(v) it was concluded that there was no essential difference in their properties 
and they were therefore combined. The combined fractions (1-2 g.) were dissolved in 4% methanolic 
hydrogen chloride and heated at 100° in a sealed tube for 24 hours. The resultant methylglycosides 
were hydrolysed with 4% hydrochloric acid in the usual way, and the cooled solution was neutralised by 
the addition of silver carbonate. The insoluble silver salts were removed by filtration, and the silver 
ions removed by the passage of hydrogen sulphide followed by filtration. The acidic filtrate was 
neutralised by the addition of barium carbonate. Excess of barium carbonate was then removed by 
filtration, and the neutral solution was evaporated to dryness. The residue (C) (1-1 g.) was extracted 
3 times with boiling ether (50 ml. portions). The insoluble barium salts (0-834 g.) were collected and 
dried. 

Identification of the Methylated om from (C).—The syrup {0-264 g.) obtained when the ethereal 
extracts were concentrated under reduced pressure showed [a]? +56° (c, 0-696), m}# 1-4660 (Found: 
OMe, 33-5%. Calc. for dimethyl rhamnose : OMe, 32-3%). A small portion of the syrup was examined 
on the paper chromatogram and, after development in the usual manner, was found to contain mainly 
3 : 4-dimethyl rhamnose (Rg 0-84) together with a small quantity of 2 : 3 : 6-trimethy] galactose (Rg 0-71). 
The syrup was fractionated by partition chromatography on a column of cellulose, using a mixture of 
light petroleum (b. p. 100—120°) (60%) and n-butanol (40%) as the mobile phase. The eluate was 
divided into approx. 5-ml. portions by an automatic device which changed the receiver every 10 minutes. 
The dimethyl rhamnose was completely separated from the trimethyl galactose, and two portions (D) 
and (EZ) were obtained which were evaporated under reduced pressure at 40°. 

Fraction (D) was purified by dissolution in water, filtration, and evaporation, to remove a little cellulosic 
material. The residue was dissolved in ether, a little insoluble material was filtered off, and the ether 
was removed by evaporation. The syrup (0-198 g.) crystallised spontaneously as fine needles which were 
recrystallised from ether—light petroleum and identified as 3 : 4-dimethyl L-rhamnose {m. p. 98—99°; 
[a]p +24° (c, 0-54) (10 minutes) —> +18-5° (16 hours; equilibrium value); Rg 0-84} (Found: OMe, 
32-5. Calc. for CgH,,0,: OMe, 32-3%). The identity of the crystals was confirmed by periodate 
oxidation, one mole of sodium periodate being consumed by 200 g. of dimethyl rhamnose without 
formation of acetaldehyde (192 g. of 3 : 4-dimethyl rhamnose should consume 1 mole of sodium periodate). 

Fraction (E) {0-033 g.; Re 0-71; [a]p +76° (c, 1-2)} (Found: OMe, 35-7. Calc. for 2 : 3 : 6-trimethyl 
D-galactose : OMe, 41-8%) was examined in the same manner as fraction (D). The methylated sugar 
was oxidised with bromine water at room temperature for 24 hours. Excess of bromine was removed by 
aération; the solution was then neutralised with silver carbonate and filtered before and after passage of 
hydrogen sulphide. On evaporation, crystals of 2 : 3 : 6-trimethyl p-galactofuranolactone were obtained, 
having m. p. and mixed m. p. 97—98° (Found: OMe, 40-6. Calc. for C,H,,0,: OMe, 42-4%). 

Identification of the Barium Salts from (C).—The residue consisted largely of a mixture of the barium 
salts of tri- and di-methyl galacturonic acids (Found : OMe, 23-3; Ba, 20-6. Calc. for an equimolecular 
mixture: OMe, 26-0; Ba, 23-2%). The barium salts (0-8 g.) were dissolved in water (50 ml.), and the 
theoretical quantity of N-sulphuric acid was added to precipitate the barium. After filtration, the 
solution was evaporated to a viscid syrup (0-603 g.). A small portion of the syrup was examined on the 
paper chromatogram, using the top layer of a mixture of n-butanol (40%), acetic acid (10%) and water 
(50%) as the mobile phase. The positions of three methylated uronic acid derivatives were revealed by 
spraying the paper chromatogram with an alcoholic solution of aniline (1%) and trichloroacetic acid 
(5%) and then heating it. The uronic acids gave rise to intense red spots at Rg 0-66 and Rg 0-505 and 
to a faint red spot at Rg 0-175, corresponding to tri-, di-, and mono-methy] galacturonic acid, respectively. 

The methylated uronic acids were separated by partition chromatography on a column of cellulose, 
using a mixture of butanol (95%) and acetic acid (5%), saturated with water, as the mobile phase. The 
eluate was collected in 5-ml. portions by changing the receiver every 15 minutes and, after examination 
on sheet-paper chromatograms, it was divided into 6 fractions (F)—(K) (see table below). Before 


Weight Rg values of the p-Galacturonic acid 
Fraction. (mg.). components.* [ah*]. derivatives. 
+104° (c, 0-46) 2:3: 4-Trimethyl 
+99 (c, 0-9) 2:3:4-Trimethyl and dimethyl 
+93 (c, 1-13) Dimethyl 
+465 (c, 1-05) Dimethyl 
+40 (c, 0-42) 2 : 3( ?)-Dimethyl 
-— Monomethyl 
* With butanol-acetic acid—water as the mobile phase. 
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evaporation under reduced pressure at 40°, water (50 ml. to every 100 ml. of eluate) was added to each 
fraction in order to minimise esterification of the uronic acids. After eva tion, each fraction was 
heated with n-sulphuric acid for 3 hours, neutralised by the addition of barium carbonate, filtered, and 
evaporated. The insoluble barium salts were dissolved in water, barium was removed by use of Amberlite 
resin IR-100, and the solution was evaporated to dryness under reduced pressure. 

Analysis and identification of fractions (F)—(K). Fraction (F) crystallised spontaneously and was 
jdentified as 2: 3: 4-trimethyl p-galacturonic acid monohydrate, m. p. 98—99°, [a]}¥ +120° —-> 104° 
(equilibrium value; c, 0-46) (Found : OMe, 36-8%; equiv., 260. Calc. for CJH,,0,,H,O: OMe, 36-7%; 
equiv., 254). A portion (0-1 g.) was oxidised with nitric acid (1 ml.; d 1-3) at 100° for 4 hours. e 
reaction mixture was then diluted with water (5 ml.) and evaporated under reduced pressure at 40°. 
The residue was redissolved in water (5 ml.) and evaporated again. After this evaporation had been 
repeated 20 times, the product (0-074 g.) was free from nitric acid and showed [a]}’ +49° (c, 0-79 in 
acetone). The syrup was dissolved in 4% methanolic hydrogen chloride (5 ml.) and boiled under reflux 
for12 hours. The hydrogen chloride was removed with silver carbonate, and the filtrate was evaporated 
under reduced pressure to a pale yellow syrup (0-06 g.) which crystallised on nucleation with a specimen 
of the dimethyl ester of 2 : 3: 4-trimethyl mucic acid. After removal of the syrup on a tile, the crystals 
were recrystallised from ether-light petroleum; they then had m. p. 99—100°, [a]}* +30-2° (c, 0-78), and 
did not depress the m. p. of an authentic specimen of the dimethyl] ester of 2 : 3 : 4-trimethyl mucic acid 
(Found: OMe, 54-6%. Calc. for C,,;H»O,: OMe, 55-4%). 

Fraction (G) (Found : OMe, 25-6%) was an intermediate fraction which contained the same substances 
as were present in (F) and (H), as indicated by paper partition chromatography. 

Fraction (H) contained a dimethyl galacturonic acid which awaits identification (Found: OMe, 
253%; equiv.,218. Calc. forC,H,,0,: OMe, 27-9%; equiv., 222). A portion (0-0206 g.) was dissolved 
in cold methanolic hydrogen chloride (3 ml.), and the optical rotation of the solution observed : 
[a]p +46-5° (15 minutes), +78-5° (4 hours), and + 93° (24 hours) (under these conditions, 2 : 3-dimethyl 
p-galacturonic acid is converted into the furanose derivative which has a negative optical rotation). 

Fraction (I) contained a mixture of dimethyl galacturonic acids (Found: OMe, 24-5%; equiv., 220. 
Calc. for CsH,,0,: OMe, 27:9%; equiv., 222). Fractions (J) and (J) were present only in very small 
quantity and possibly arose from demethylation during methanolysis. On the paper chromatogram 
they gave spots in the same positions as 2 : 3-dimethy] galacturonic acid and 2-methy] galacturonic acid 
respectively. 


One of us (L. H.) thanks the Department of Scientific and Industrial Research for a Maintenance 
Grant. 
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663. The Phenolic Resin of the Wood of Chlorophora excelsa 
(Benth. and Hook f.). 


By J. R. Nunn and W. S. Rapson. 


Chlorophorin, a phenolic resin from Chlorophora excelsa (Benth. and Hook f.), has been 
examined. The results confirm a suggestion by Grundon and King (Nature, 1949, 168, 564) 
that chlorophorin is a pinosylvin analogue having the partial structure (I). 


THE wood of Chlorophora excelsa (Benth. and Hook f.) is variously known under the names 
of iroko (the British standard name), mvuli, odum, and kambala, and it has been marketed 
also under the names of “‘ African teak,’’ ‘‘ African oak,’’ and “ iroko teak.’’ It is one of the 
best all-round African timbers, and considerable quantities have been exported to Europe. 
The timber is relatively resistant to decay and to attack by insects, but it is reported to cause 
skin irritation (Wagner, Holzmarkt Berl., 1938, 55, 300; Davidson, Lancet, 1941, 240, 38). 
Our attention was drawn to this wood by Dr. E. G. Manken (private communication) as a 
result of difficulties experienced by the South African Railways and Harbours in the drying 
of varnishes applied to it. These difficulties appeared to arise from anti-oxidants present in 
the wood, since they could be overcome by increasing the proportion of driers in the varnish 
used. 

The only reported chemical examinations of the wood are by Marmasse (“ Contribution a 
Yetude analytique de quelques bois coloniaux,” Paris, 1931) and Grundon and King (Nature, 
1949, 163, 564). 

The brown ethyl-alcoholic and acetone extracts of the wood, on concentration and dilution 
with water, gave a light-brown powder. From this material there has been obtained a phenolic 
substance, chlorophorin, which we have not been able to purify completely, though crystalline 
material has separated from its aqueous diethylene glycol solutions. The crude material, 
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however, readily yielded pure tetra-acetyl and tetrabenzoyl derivatives and a tetramethyl ether, 
all corresponding in composition to a formula C,,;H..(OH), for chlorophorin, 

On distillation with zinc dust crude chlorophorin gave resorcinol, together with a non- 
aromatic hydrocarbon fraction, b. p. 170—190°. Similarly on alkali fusion, resorcinol was 
produced, together with vapours smelling strongly like citronellol. 

Chlorophorin tetramethyl ether rapidly absorbed bromine from carbon tetrachloride solution, 
indicating a high degree of unsaturation, and this was confirmed by the fact that both this 
substance and chlorophorin tetra-acetate absorbed 3 moles of hydrogen to give hexahydro- 
derivatives. On the basis of these observations it seemed possible that the chlorophorin 
structure contained two dihydric phenol nuclei joined by an aliphatic chain containing three 


Absorption spectra in ethyl alcohol solution. 
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Fic. 1.—1, Chlorophorin. 2, Chlorophorin tetramethyl ether. 3, Tetra-acetylchlorophorin. 


Fic. 2.—1, Hexahydrochlorophorin tetramethyl ether. 2, n-Hexylresorcinol dimethyl ether. 
(e calculated using double the molecular weight.) 











olefinic double bonds. This conclusion was supported by a comparison of the absorption 
spectrum of hexahydrochlorophorin tetramethyl ether with that of -hexylresorcinol dimethyl 
ether. The two spectra proved almost coincident when that of the latter (see Fig. 2) was 
calculated at twice its molecular weight. Since chlorophorin tetramethyl ether gave 2 : 4-di- 
methoxybenzaldehyde as one product of its oxidation, both with potassium permanganate and 
with ozone, the nature and mode of union of one of the dihydric phenol nuclei was apparent. 
That the other aromatic nucleus contained one reactive position was indicated by the fact that 
hexahydrochlorophorin tetramethyl ether could be titrated with a solution of bromine in carbon 
tetrachloride; it consumed two moles of bromine under the same conditions as those under 
which 4-n-hexylresorcinol dimethyl ether absorbed one mole: a dibromohexahydrochlorophorin 
tetramethyl ether was formed. Derived from this second aromatic nucleus, a dicarboxylic acid 
C,H,O, has been obtained from chlorophorin tetra-acetate by ozone. This acid corresponds to 
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one compound C,,H,,0, formed in the oxidation of chlorophorin tetramethyl ether with 
potassium permanganate and formulated by Grundon and King provisionally as a dimethoxy- 
toluenedicarboxylic acid. Since Grunden and King are engaged on the further investigation 
of the structure of this degradation product, we have not pursued these observations further. 

In their studies of the aliphatic portion of the molecule, Grundon and King have had con- 
siderable success with oxidative degradation of tetrahydro-derivatives of chlorophorin and its. 
tetramethyl ether. After oxidation of the former derivative with alkaline hydrogen peroxide, 
they isolated an olefinic acid C,,H9O,, which on ozonolysis yielded 6-methylheptan-2-one and 
was formulated by them as CHMe,*[CH,],*CMe:CH-CH,°CO,H. We oxidised unhydrogenated 
chlorophorin derivatives. From chlorophorin and chlorophorin tetra-acetate, acetone and 
malonic acid have been isolated, while qualitative evidence for the formation of levulic and 
succinic acid has also been obtained. These observations, in conjunction with those of Grundon 
and King, demonstrate that the aliphatic residue in chlorophorin is CMe,:CH*(CH,],*CMe:CH’CH,:, 
and that it is the double bond of the isopropylidene group which is preferentially hydrogenated 
in the formation of tetrahydrochlorophorin derivatives. Since chlorophorin tetramethyl ether 
is inert to maleic anhydride and to sodium and alcohol, it contains no conjugated double bonds, 
so that a shift in the position of a double bond on hydrogenation is unlikely. 

We therefore confirm the suggestion by these authors that chlorophorin is an analogue of 
pinosylvin (Erdtman, Amnalen, 1939, 589, 116) and that it has the partial structure (I) : 


OH —Me 

7 —cH_Z,» | -OH 

(I.) HOC Pe p-cH=cu—€ 2 S = 
= = ~CH,-CH:CMe-{CH,],"CH:CMe, 


The asignment of positions to the substituents in the aromatic nucleus B will follow, in large 
measure, from the study of the acids C,,H,,0, and C,H,O, mentioned above, and in view of 
Grundon and King’s work we are not pursuing this problem further. 


EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford.) 


Chlorophorin.—This was obtained by extraction of either sawdust or chips of iroko wood, and the 
yields have proved variable. Although high yields of extracts were obtained from early extractions of 
sawdust, these were not repeated on later specimens examined. The highest yields recorded were : 
light petroleum extract, 13%; ethyl alcohol extract, 10-3%; acetone extract, 0-34%. Chlorophorin 
was precipitated from the alcoholic extracts on concentration followed by dilution with water. The 
precipitate appeared amorphous, but needle-like crystals could be observed under the microscope. 
The crude product has not been purified completely. It was insoluble in virtually all non-polar solvents, 
whilst in polar or hydroxylic solvents it dissolved with great ease and once in solution could not be 
induced to separate again except by precipitation with water. The traces of coloured impurites 
(probably autoxidation products) with which it was associated could not be removed effectively by the 
use of charcoals or by chromatographic techniques and no perfectly colourless material has been obtained. 
Well-defined rosettes of fine needle-shaped crystals could be obtained by cooling solutions of the crude 
chlorophorin in aqueous diethylene glycol. From their behaviour, however, it is deduced that these 
crystals probably contained diethylene glycol of crystallisation, and for analytical purposes crystals so 
obtained were dissolved in alcohol and precipitated by addition of water, in order to remove the associated 
hygroscopic and high-boiling solvent. A hydrate was thus obtained, having m.p. 161—162° [Found : C, 
74-0, 74-2, 74-1, 74-2; H, 7-5, 7-4, 7-4, 7-5; C-Me (Kuhn-Roth), 7-7. C,;H,,0,,4H,O requires C, 74-4; 
H, 7-7; C-Me, 7°4%]. This lost weight only very slowly at 110° in a vacuum, to give the anhydrous 
substance (Found: C, 76-1; H, 7-3. Cale. for C,,H,,O,: C, 76:1; H, 7-7%). 

Chlorophorin was insoluble in sodium hydrogen carbonate solution, but dissolved in sodium carbonate 
and sodium hydroxide solutions to give yellow solutions from which the original material was recovered 
unchanged on addition ofacid. It gave no colour reaction with ferric chloride, but coupled with solutions 
of diazonium salts. 

Oxidation of Chlorophorin.—(a) With nitric acid. Despite repeated experiments under varied 
conditions, the only product isolated from the oxidation of chlorophorin with nitric acid was oxalic 
acid. 

(b) With aqueous potassium permanganate. Chlorophorin (5 g.) was dissolved in dilute sodium 
hydroxide solution, ice was added, and aqueous potassium permanganate (5%) run in with stirring 
until a faint pink colour persisted in the reaction mixture. The manganese dioxide was filtered off, 
the filtrate distilled, and the first part of the distillate collected separately. To it was added 2: 4-di- 
nitrophenylhydrazine reagent, whereupon a yellow 2 : 4-dinitrophenylhydrazone separated, which was 
recrystallised from aqueous alcohol and identified by m. p. and mixed m. p. as acetone 2: 4-dinitro- 
phenylhydrazone. After the residue from the distillation had been concentrated to about 500 c.c., it 
was acidified with dilute sulphuric acid and extracted continuously with ether. The solvent was. 
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removed and the crystalline residue crystallised from acetone—benzene. It was identified as oxalic 
acid by m. p. and qualitative tests. No other product was isolated, though the residue from the ether 
extraction smelled strongly of acetic acid. 

(e) bee a fusion with alkali in the presence of air. Chlorophorin (5 g.) was heated with fused potassium 
hydroxide (20 g.) with stirring. Much frothing occurred in the initial stages of the reaction, and vapours 
smelling strongly of citronellol were evolved. After two hours’ heating at 220—230°, the reaction 
mass was dissolved in water, acidified, and the products dissolved in ether. The ethereal solution was 
then extracted successively with sodium hydrogen carbonate, sodium carbonate, and sodium hydroxide 
solutions. The sodium hydroxide extract was the only one to yield an identifiable product. It was 4 
thick viscous liquid, which crystallised after distillation in a vacuum (yield, 1 g.). The product of 
benzoylation was identified (mixed m. p.) as resorcinol dibenzoate. 

(d) With ozone. Chlorophorin (8-0 g.) was dissolved in acetic acid and subjected to prolonged 
(8 hours) treatment with ozonised oxygen (about 5%). The products were then decomposed by addition 
of hydrogen peroxide and gentle warming on the water-bath. Evaporation to dryness of the resultant 
mixture gave a yellow viscous residue. This was dissolved in dry alcohol (100 c.c.), sulphuric aci@ 
(2 c.c.) was added, and the solution boiled under reflux for 3 hours. The neutral products of the reaction 
were isolated and distilled. There was obtained about 1-5 g. of distillate (A), b. p. 192—200°/650 mm., 
followed by a smaller fraction (B), b. p. 200—225°/650 mm. Fraction (A) (saponification equivalent, 
about 73) was imert to ketonic reagents, though it gave a trace of unidentified product with 2 : 4-dinitro- 
phenylhydrazine. Further the aqueous solution obtained after saponification of this ester with alkali, 
gave an immediate precipitate of iodoform in the cold on addition of iodine—a reaction very similar to 
that given by levulic acid. Fraction A was therefore saponified and the resultant solution acidified and 
continuously extracted with ether. From the resultant extract a white crystalline mass separated on 
evaporation, which was identified as malonic acid, by mixed-m. p. determination after crystallisation 
from acetone—benzene. In the crude state the malonic acid gave a faint fluorescein reaction, which 
was more intense with the material recovered similarly from fraction (B), and which was possibly due 
to associated succinic acid. 

Distillation of Chlorophorin with Zinc Dust.—Chlorophorin (2-11 g.) was mixed with zinc dust (30 g.) 
in a test-tube which was then drawn out to provide direct delivery of the distillate into a second test- 
tube cooled in ice. On gradual heating of the mixture, vapours passed over and were condensed in the 
test-tube receiver in two approximately equal layers. These were separated and distilled. The upper 
layer proved to be hydrocarbon-like (b. p. about 180°/650 mm.) and from its ultra-violet absorption 
spectrum was non-aromatic in character. It was not further investigated. The lower layer crystallised 
and was readily identified as resorcinol. In one experiment the resorcinol formed was estimated, by 
titration with bromide—bromate solution, after separation from associated materials by extraction from 
ethereal solution with alkali (Found: resorcinol, 0-34 g. Calc. for C,y;H,90,, if one resorcinol nucleus 
present per mol., 0-59 g.). 

Chlorophorin Tetra-acetate.—Crude chlorophorin was warmed with an excess of acetic anhydride ona 
water-bath for 1-5 hours and the excess of acetic anhydride destroyed by careful addition of water. 
After treatment with decolorising charcoal, more water was added, and the acetate separated. It 
crystallised from alcohol in needle-shaped crystals, m. p. 135° [Found: C, 70-2; H, 6-5; Ac, 30-0, 
32:3; M, 558. C,,H,,(OAc), requires C, 70-5; H, 6-8; Ac, 29-:9%; M, 565]. It was optically 
inactive. 

Oxidation of Chlorophorin Tetra-acetate with Ozone.—Chlorophorin tetra-acetate (16-5 g.) was dissolved 
in chloroform (300 c.c.), the solution cooled in ice, and ozonised oxygen passed through for 12 hours. 
The reaction mixture was left in the ice-chest for several days whereupon a white orystalline mass 
separated, was filtered off, and decomposed with amalgamated aluminium and alkali. The solution 
was then acidified and tested for levulic acid (cf. Pummerer ef al., Ber., 1931, 64, 809) with negative 
results. The chloroform filtrate from the ozonisation was shaken with water to decompose ozonides, 
the solvent removed, and the residue continuously extracted with ether. The extract was boiled with 
absolute alcohol and sulphuric acid to esterify carboxylic acids, and the esters recovered, after thorough 
extraction with alkali to remove associated phenolic material. Distillation of the final product gave a 
fraction, b. p. 190—200°/650 mm., exactly similar to that obtained from the ozonisation of chlorophorin 
itself. The crystalline product of ozonisation was transferred directly to aqueous alkaline solution and 
decomposed with aluminium amalgam. The reaction mixture also showed no reaction for levulic acid 
when tested with 2 : 4-dinitrophenylhydrazine, but on acidification and continuous extraction with ether 
a crystalline product was isolated : this gave BF ari -~ colour with ferric chloride and, on recrystallisation 
from water, had m. p. 293° [Found: C, 51-2; H, 40%; Ac, 0; equiv., 103-7. C,H,O, (dibasic) requires 
C, 51-0; H, 38%; equiv., 106]. 

Oxidation of Hydvolysed Chlorophorin Tetra-acetate with Potassium Permanganate.—Chlorophorin 
tetra-acetate was hydrolysed with alcoholic potassium hydroxide, the alcohol removed by passage of 
steam, and the residual alkaline solution oxidised with potassium permanganate, as described for 
chlorophorin. Acetone and oxalic acid were obtained from the products of this oxidation. 

Chlorophorin Tetrabenzoate.—Crude chlorophorin was dissolved in pyridine, excess of benzoyl chloride 
added, and the mixture left overnight. On addition of water to the mixture, a dark oil separated which 
was washed free from pyridine and benzoic acid and then treated with alcohol. It crystallised from this 
solvent in radiating clusters of colourless needles, m. p. 164-5—165-5° [Found: C, 78-0; H, 5:7. 
C,;H,,(OBz), requires C, 78-5; H, 5-7%]. 

Chlorophorin Tetramethyl Ethey.—A solution of crude chlorophorin (10 g.) in methyl alcohol (100 c.c.) 
was treated with methyl sulphate and potassium hydroxide solution (50%), added alternately and in 
equivalent amounts, until further additions produced no apparent decrease in the amount of alkali- 
soluble material present. The product was taken up in ether, washed free from methyl alcohol with water 
and of acidic material with alkali, and the extracts dried and the ether evaporated. The residue was 
distilled in a vacuum, and the distillate (b. p. 280—290°/1 mm.) crystallised on being left in the receiver. 
It was recrystallised from methyl alcohol from which it separated as a felted mass of colourless needles, 
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m. p. 76—77° [Found : C, 77-0; H, 8-4; C-Me (Kuhn-Roth), 6-1; M, 418. C,,H,.(OMe), requires C, 
11-3; H, 8-5; 2C-Me, 6-7%; M, 451}. 

Since this product was inert to acetic anhydride, it was concluded that the methoxyl groups were 
not completely reactive in the Zeisel determination. The same non-stoicheiometric behaviour was 
also observed in Zeisel analyses of degradation products such as 2: 4-dimethoxybenzaldehyde, 
and 2: 4-dimethoxybenzoic acid, as well as in the analysis of hexahydrochlorophorin tetramethyl 


ether. 

In some preparations the distillate from the vacuum distillation failed to crystallise and was clearly a 
mixture, presumably formed by isomerisation of part of the material under the conditions of reaction. 
Chlorophorin tetramethyl ether failed to react with maleic anhydride in boiling benzene or xylene, 
though it gave an orange-yellow coloration on mixing of the reagents. This coloration was also given 
on mixing #-hexylresorcinol dimethyl ether with maleic anhydride. 

Oxidation of Chlorophorin Tetramethyl Ether with Potassium Permangante.—From oxidations carried 
out in acetone only a trace of acidic material was isolated, and the main product was a viscous oil which 
readily yielded a 2: 4-dinitrophenylhydrazone. This was crystalli from xylene, from which it 
separated in orange-red elongated plates (Found: N, 16-3. Calc. for C,,HyO,N,: N,16-2%). It was 
identified (mixed m. p.) as 2: 4-dimethoxybenzaldehyde 2: 4-dinitrophenylhydrazone. An acidic 
product of the reaction crystallised from aqueous acetic acid in colourless prisms, m. p. (with 
sublimation and darkening) 284° [Found : C, 55-2; H, 5-25%; equiv., 120. C,,H,,0, (dibasic) requires 
C, 55-0; H, 50%; equiv., 120]. 

Action of Ozone on Chlorophorin Tetramethyl Ether.—Chlorophorin tetramethyl ether (5-0 g.) was 
dissolved in glacial acetic acid (75 c.c.) and ozonised oxygen (about 5%) passed through the solution for 
5Shours. Chromic acid (5-0 g.) in water (5 c.c.) was then added slowly to the mixture which warmed 
considerably. The solution was left overnight, the glacial acetic acid was then distilled off under vacuum, 
and the residue was diluted with water and exhaustively extracted withether. From the ethereal extracts 
acidic products were then extracted with sodium hydroxide solution. (a) The neutral products (1-3 g.) 
were recovered by evaporation of the ether solution, and were distilled in a vacuum giving a fraction 
(0-7 g.), b. p. 173—175°/2 mm., which crystallised completely on cooling; and a fraction (0-6 g.), b. p. 
about 200°/0-5 mm., which partly crystallised on cooling. From both fractions the same product, 
m. p. 68—69°, was recovered as long stout colourless needles on crystallisation from light petroleum. 
It was identified by mixed m. p. as 2 : 4-dimethoxybenzaldehyde [Found : C, 65-4; H, 6-1; OMe, 24-9. 
Calc. for CgHyO,: C, 65-0; H, 6-1; OMe, 34-4% (the Zeisel determination was carried out with the 
addition of ammonium iodide at 350°)]. (b) Acidic products (0-9 g.) were recovered by acidification of the 
alkaline extracts above and continuous extraction with ether. They formed a semi-solid mass which 
was difficult to handle, but gave a crystalline — m. p. 107-5—108°, on extraction with light 
petroleum (b. p. 90—100°). This was identified by mixed m. p. as 2 : 4-dimethoxybenzoic acid (Found : 
C, 59-4; H, 5-5. Calc. for CjH,,0,: C, 59-3; H, 5-5%). 

Hexahydrochlorophorin Tetramethyl Ether.—When chlorophorin tetramethyl ether in ethyl acetate 
was shaken with hydrogen in the presence of a palladium-calcium carbonate catalyst three mols. of 
hydrogen were absorbed. The catalyst was filtered off, the solvent evaporated, and the residue cooled 
in the ice-chest. After crystallisation had begun the product was recrystallised from methyl alcohol 
containing a small amount of water from which it separated as a felted mass of colourless needles, m. p. 
49—49-5° [Found : C, 76-2; H, 9-4. C,,H;,.(OMe), requires C, 76-3; H, 9-7%]. 

For the light-absorption spectrum of this compound, see Fig. 2. 

Dibromohexahydrochlorophorin Tetramethyl Ether—Hexahydrochlorophorin tetramethyl ether 
(0-202 g.) in carbon tetrachloride was titrated with a standard solution of bromine in carbon tetra- 
chloride. Bromine equivalent to 2 mols. was absorbed, whilst in a titration of n-hexylresorcinol 
dimethyl ether, under analogous conditions, bromine equivalent to one mol. was absorbed. 

The carbon tetrachloride was evaporated from the solution resulting from the first titration. The 
residue crystallised when kept, and was recrystallised from ethyl alcohol from which it separated in 
dense prismatic crystals, m. p. 75° (Found: C, 56-2; H, 6-6; Br, 26-7. C,,H,,O,Br, requires C, 56-6; 
H, 6-9; Br, 26-0%). 

Hexahydrochlorophorin Tetra-acetate—This compound was ny semen in a manner similar to that 
described for the hexahydrochlorophorin tetramethyl ether. It crystailised from ethyl alcohol as a 
felted mass of very fine needles, m. p. 60—60-5°, which tended to be gelatinous under certain conditions 
(Found: C, 69-4; H, 7-5. C,,;H,,O, requires C, 69-7; H, 7-8%). 


The authors thank Miss M. Tabutaut for assistance with part of this work. 
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664. Chemical Constitution and Sex-hormonal Activity: The Synthesis of 
of Some 1-cycloPentyl- and 1-cycloHexyl-1 : 2-diarylethylenes. 
By D. H. Hey and O. C, MusGRAvE. 


A number of 1-cyclopentyl- and 1-cyclohexyl-1 : 2-diarylethylenes (I; R = C,H,, C,H,,; 
X = H, OMe, OEt; Y = H, OMe, OEt) have been peeeeeet for examination for cestrogenic 
and androgenic properties. The ethylenes were prepared by the dehydration of the hydroxy- 
compounds (IV) and (VII) which resulted (a) from the reduction of the corresponding ww-di- 
substituted acetophenones (III; R = C,;H,, C,H,,; Y = H, OMe, OEt) and (bd) from the 
reaction of benzyl- or p-methoxybenzyl-magnesium chloride with a cyclopentyl or cyclohexyl ary] 
ketone (V; R = C,H,,C,H,,; X = H, OMe, OEt). None of the ethylenes tested showed any 
significant activity on cestrogenic and anti-cestrogenic assay. 


Sinc_E the initial observation of Robson and Schénberg (Nature, 1937, 140, 196) concerning the 
notably prolonged duration of cestrus induced by triphenylethylene, the cestrogenic properties 
of this substance and of its substitution derivatives have received considerable attention 
(Solmssén, Chem. Reviews, 1945, 37, 481; Buu-Hoi et al., Compt. rend., 1944, 219, 589; Buu-Hoi 
and Lecocq, J., 1947, 641; Buu-Hoi and Royer, J., 1948, 1078; Carter and Hey, J., 1948, 150; 
Tadros et al., this vol., p. 439, 442; etc.). These investigations have resembled to some extent 
those which took place in the stilbene series of synthetic oestrogens, especially with regard to the 
effect of variation in the nuclear substituents, but, in contrast to the considerable number of 
stilbene derivatives prepared containing hydrogenated rings (Solmssen, Joc. cit.; Ungnade and 
Ludutsky, J. Org. Chem., 1945, 10, 307; J. Amer. Chem. Soc., 1947, 69, 2629; Wilds and 
McCormack, ibid., 1948, 70, 884; Ungnade and Tucker, ibid., 1949, 71, 1381), little information is 
available concerning triphenylethylene derivatives containing hydroaromatic in place of 
aromatic nuclei. The perhydrogenation of stilbene derivatives (of which diethylstilbcestrol has 
received the most attention) gives products which possess much weaker cestrogenic properties 
than those of the parent substance (Solmssen, Joc. cit.). The appreciable androgenic activity 
reported for one of these compounds, namely, 3-(cyclohexan-4-onyl)-4-(cyclohex-2-en-4-ony])- 
hexane, by Schoeller e¢ al. (U.S.P. 2,392,864), supports the postulation that the lowering of 
cestrogenic activity on hydrogenation (and consequent increase in molecular dimensions) may 
be accompanied by a corresponding increase in androgenic activity, and is apparently in agree- 
ment with Schueler’s hypothesis (Science, 1946, 103, 221) that sex-hormonal activity is essen- 
tially a function of molecular size. The only “ reduced ” triphenylethylenes previously reported 
are 1-cyclohexyl-1 : 2-di-(p-hydroxyphenyl)ethylene and its dimethyl ether (Dodds e¢ al., Proc. 
Roy. Soc., 1944, B, 182, 83) and 1-cyclohexyl-1 : 2-diphenylethylene. The preparations of the 
latter compound and of its phenyl derivative, 1-cyclohexyl-1 : 2 : 2-triphenylethylene, were 
described by Buu-Hoi and Royer (Bull. Soc. chim., 1946, 18, 117) and by Buu-Hoi et al. (loc. cit.) 
respectively during a search for compounds with “‘ anti-cestrogenic ”’ properties. . 

In order to obtain further knowledge of the effect on the cestrogenic activity of triphenyl- 
ethylene and its derivatives by the hydrogenation of one of the aryl nuclei, a series of 1-cyclo- 
hexyl-1 : 2-diarylethylenes has now been prepared. The substituents which most enhance the 
cestrogenic activity of triphenylethylene itself are (if non-nuclear halogenation be excepted) 
p-alkoxy-groups. In particular, the highest activities have been observed with compounds in 
which two benzene nuclei attached to different carbon atoms of the ethylenic bond are thus 
substituted (Carter and Hey, loc. cit.). In the new series of ethylenes now prepared, the aromatic 
nuclei are therefore either unsubstituted or carry one or two p-alkoxy-groups. In order to 
assess the importance of the size of the hydroaromatic ring, a similar series of compounds has 
also been prepared in which the cyclohexyl group is replaced by the cyclopentyl group. 

Of the various methods available for the preparation’ of 2 : 2-diphenylethylene derivatives 
those in which the olefinic bond is formed by dehydration of the corresponding hydroxy- 


p-X-C,HyCR:CH'C,H,Y-p p-X-C,HyCO-CH, C,H, 
(L.) (II.) 


C,H,CHR-CO-C,H,Y-p —>  C,H,-CHR-CH(OH)-C,H,Y-p 
(III.) (IV.) 
p-X-C,HyCOR + p-¥-C,HyCH,-MgCl —-> -X-C,H,-CR(OH)-CH,C,H,Y-p 
(V.) (VI.) (VII.) 
compounds appeared the most attractive, and of the possible synthetic routes available for the 
preparation of these compounds the following were investigated in detail: (A) The reaction of 
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cyclopentylmagnesium bromide with deoxybenzoin or a p-substituted deoxybenzoin (II; 
X = H, OMe, OEt). (B) The reduction of an ww-disubstituted acetophenone (III; R = C,;H,, 
C,Hi:; Y = H, OMe, OEt). (C) The interaction of benzyl- or a substituted benzyl-magnesium 
chloride (VI; Y = H, OMe) with a cycloalkyl aryl ketone (V; R= C;H,, C,H,,; X =H, 
OMe, OEt). 

Method A.—This method is similar to that used by Dodds é¢ al. (loc. cit.), who investigated 
the reaction between deoxyanisoin and cyclohexylmagnesium chloride. Buu-Hoi and Royer 
(loc. cit.) reported the preparation of 1-cyclohexyl-1 : 2-diphenylethylene by a similar reaction 
between cyclohexylmagnesium chloride and deoxybenzoin. The deoxybenzoins (II; X = H, 
OMe, OEt) required in this method were obtained by Friedel-Crafts condensations with phenyl- 
acetyl chloride and benzene, anisole, or phenetole, anhydrous aluminium chloride being used as 
catalyst. cycloPentyl bromide was obtained from cyclopentanone by reduction to cyclopentanol 
and subsequent treatment with phosphorus tribromide according to the method of Adams (J. Amer. 
Chem. Soc., 1926, 48, 1084). The reduction of cyclopentanone to cyclopentanol by hydrogenation 
proved to be very sensitive to change of solvent and to the condition of the platinum oxide 
catalyst, which was easily poisoned, and an alternative method of effecting the reduction was 
sought. Although Edwards and Reid (ibid., 1930, 52, 3235) obtained cyclopentanol by the 
addition of excess of sodium to a moist ethereal solution of cyclopentanone, a repetition of their 
method failed to give any appreciable yield of cyclopentanol, 2-cyclopentylidenecyclopentanone 
(identified as the semicarbazone) being isolated from the product. The addition of sodium to an 
alcoholic solution of the ketone and the use of Raney nickel-aluminium alloy and alkali, 
as described by Papa, Schwenk, and Whitman (J. Org. Chem., 1942, 7, 587), also gave this 
product (cf. Wallach, Ber., 1896, 29, 2963; Godchot and Taboury, Bull. Soc. chim., 1913, 13, 
16). Mozingo, Spencer, and Folkers (J. Amer. Chem. Soc., 1944, 66, 1859) have, however, 
reported the réduction of cyclopentanone to cyclopentanol by the use of Raney nickel in 
aqueous alcohol, and this catalyst has now been found to be suitable for the large-scale 
preparation of cyclopentanol by hydrogenation in dry methanol at 100° and a pressure of 125 
atmospheres. 

The Grignard reactions between the deoxybenzoins (II) and cyclopentylmagnesium bromide 
(present in excess) did not take the expected course, and, in place of normal addition, reduction of 
the carbonyl groups to the secondary alcohols occurred. Thus, from deoxybenzoin, phenyl- 
benzylcarbinol was obtained in good yield. The reaction with p-methoxyphenyl benzyl ketone 
(II; X= OMe) afforded 4-methoxystilbene, the carbinol initially formed having undergone 
dehydration during purification. In the reaction with p-ethoxyphenyl benzyl ketone (II; 
X = OEt) most of the ketone was recovered unchanged from the reaction mixture, probably as 
a result of its low solubility in ether, but from the fractional crystallisation of the product a small 
quantity of impure p-ethoxyphenylbenzylcarbinol was obtained. The Grignard reaction between 
1-methylcyclopentylmagnesium chloride and deoxybenzoin was also found to lead to the reduc- 
tion of the carbonyl group of the latter compound, and from the product of this reaction stilbene 
was isolated (formed by the dehydration of phenylbenzylcarbinol during purification), together 
with unchanged deoxybenzoin. Since it was not possible to isolate the normal addition com- 
pounds from any of the above reactions, the method was not further investigated. Kharasch 
and Weinhouse (J. Org. Chem., 1936—1937, 1, 209) have also noted the reduction of ketones by 
cyclopentylmagnesium bromide, which would seem to resemble the cyclohexylmagnesium halides 
in this property. 

Method B.—For the preparation of ww-disubstituted acetophenones without alkoxyl sub- 
stituents (III; R = C;H,, C,5H,,; Y =H), the direct cycloalkylation of deoxybenzoin was 
attempted, but no reaction was found to take place with cyclohexyl bromide on use of sodium 
ethoxide (cf. Dodds et al., Proc. Roy. Soc., 1939, B, 127, 140) or sodamide (cf. Haller and Bauer, 
Compt. rend., 1909, 148, 129) as condensing agents, and this approach was not pursued. On the 
other hand, the method of Vasiliu and Radvan (Bul. Soc. Chim. Romania, 1938, 20, A, 243; 
Chem. Abstracts, 1940, 34, 4058) was found to be satisfactory for the preparation of both w-cyclo- 
pentyl- and w-cyclohexyl-w-phenylacetophenone. The cycloalkylation of phenylacetonitrile with 
sodamide and either cyclopentyl or cyclohexyl bromide gave the cycloalkylphenylacetonitriles 
(VIII; R = C,H,, C,H,,) but the conversion of the latter into the corresponding phenyl ketones 
(III; Y = H) by reaction with phenylmagnesium bromide took place in only moderate yield 
(ca. 40%) in spite of the use of four molecular proportions of the Grignard reagent as suggested 
by Shriner and Turner (J. Amer. Chem. Soc., 1930, 52, 1267). The use of an even greater 
excess of the Grignard reagent led to a considerable diminution in the yield of ketone. The 
preparation of the two ww-disubstituted acetophenones from cyclopentyl- and cyclohexyl- 
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phenylacetic acid (IX), obtained by prolonged hydrolysis of cyclopentyl- and cyclohexyl. 
phenylacetonitrile with 66% sulphuric acid, was also investigated. The Friedel-Crafts reaction 


RBr PhMgBr 
PhCHyCN ——> Ph:CHR‘CN ——— (III) 


(VIIL.) 
| | 


Ph:CHR‘CO,H —»> Ph-CHR-COCI 
(IX.) 


between cyclopentylphenylacetyl chloride and benzene in the presence of anhydrous aluminium 
chloride led to the formation of only a trace of w-cyclopentyl-w-phenylacetophenone. A variety 
of by-products was obtained, in accordance with the usual results of such condensations using 
substituted acetyl chlorides (Thomas, ‘‘ Anhydrous Aluminium Chloride in Organic Chemistry,” 
1941, p. 245). 

The alkoxy-substituted acetophenones (III; R= C,;H,, C,H,,; Y = OMe, OEt) were 
prepared by the general method used by Wilds and Biggerstaff (J. Amer. Chem. Soc., 1945, 67, 
789; cf. also Hill and Short, J., 1935, 1125) for the preparation of a-ethyldeoxyanisoin. The 
Friedel-Crafts condensations with cyclopentyl- and cyclohexyl-phenylacetyl chloride and anisole 
and phenetole using stannic chloride as catalyst gave excellent yields of the corresponding 
p-alkoxyphenyl ketones. 

The ww-disubstituted acetophenones thus prepared were characterised as their 2 : 4-dinitro- 
phenylhydrazones with the exception. of the p-alkoxy-w-cyclohexyl-w-phenylacetophenones, 
which could not be induced to react with 2 : 4-dinitrophenylhydrazine even in the presence of 
anhydrous zinc chloride. However, the reaction of the latter compounds with phenylmagnesium 
bromide and subsequent dehydration afforded the 1-cyclohexyl-1 : 2 : 2-triarylethylenes (X; 
Y = OMe, OEt), which were suitable for purposes of characterisation. 

Both w-cyclopentyl- and w-cyclohexyl-w-phenylacetophenone were reduced in good yield by 
the Meerwein—Ponndorf method, and the resulting secondary alcohols (IV; R = C;Hy, C,H,,; 
Y = H) were characterised as their 3 : 5-dinitrobenzoates. The dehydration of these carbinols 
to the corresponding ethylenes (I; R = C,H,, CgH,,; X = Y = H) was effected without difficulty 
by boiling them under reflux in glacial acetic acid containing a trace of concentrated sulphuric 
acid. The reduction of w-cyclopentyl-w-phenylacetophenone to the secondary alcohol was also 
effected with isopropylmagnesium bromide. The reduction of the p-alkoxy-ketones (III; R = 
C;H,, CgH,,; Y = OMe, OEt) proved more difficult and the action of a variety of reducing agents 
wasexamined. The reaction of (III; R= C,;H,; Y = OMe, OEt) with moist ether and sodium, 
with sodium amalgam and alcohol, with aluminium isopropoxide in toluene, or with isopropyl- 
magnesium bromide in ether gave either unchanged material or unidentified oily products, and 
the use of isopropylmagnesium bromide in benzene solution led to the production of viscous, 

Ph 


Ph Ph Pri Ph CMe. 
=a a ” 
C = HC 
i> is H,Y-p “ar Coa ea? ~Acany-p 


(XII) 


high-boiling oils (after acetic-sulphuric acid dehydration) having the empirical formule of the 
dehydrated normal addition products (XI or XII; Y = OMe, OEt). The compounds were 
unsaturated and gave strongly coloured solutions in concentrated sulphuric acid. The successful 
reduction of the ketones (III; R = C,H, or C,H,,, Y = OMe or OEt) was finally effected by the 
use of lithium aluminium hydride and the products were dehydrated, without the isolation of 
the intermediate secondary alcohols, to the ethylenes (I; R = C;H,,C,H,,; X = H; Y = OMe, 
OEt) by boiling under reflux in acetic acid containing concentrated sulphuric acid. It is possible, 
however, that partial or even complete dehydration occurred concurrently with reduction. 
Method C.—The cycloalkyl aryl ketones (V; R = C,H,,C,H,,; X = H, OMe, OEt) were 
prepared by Friedel-Crafts reactions from cyclopentane- and cyclohexane-carboxy] chloride, and 
benzene, anisole, or phenetole. . cycloPentanecarboxylic acid was obtained from the action of 
carbon dioxide on cyclopentylmagnesium bromide. cycloPentyl and cyclohexyl phenyl ketone 
(V; R=C,H,, C,H,,; X = H) were prepared from the acid chlorides and benzene, anhydrous 
aluminium chloride being used as catalyst. The former ketone had been previously prepared 
by Dr. D. V. N. Hardy (private communication) and the latter by Meyer and Scharvin (Ber., 
1897, 30, 1940) but in both cases experimental detail was lacking. For the preparation of the 
cyclopentyl and cyclohexyl p-alkoxyphenyl ketones (V; R = C;H,y, C,H,,; X = OMe, OEt) 
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anhydrous stannic chloride was used as catalyst. cycloHexyl p-methoxyphenyl ketone had 
previously been described by Hughes and Lions (J. Proc. Roy. Soc., N.S.W., 1938, 71, 494), who 
used anhydrous aluminium chloride. 

The reaction of benzylmagnesium chloride with the various ketones mentioned above led to 
normal addition to the carbonyl group. The tertiary alcohols (VII; R= C,H,, C,H,,; 
X = H, OMe, OEt; Y = H) were not isolated, but were dehydrated to the corresponding 
ethylenes (1; R = C,H,, CgH,,; X = H, OMe, OEt; Y = H) by boiling under reflux in glacial 
acetic acid containing sulphuric acid. In most cases, a single fractional distillation afforded 
pure samples of the ethylenes, but 1-cyclopentyl- and 1-cyclohexyl-1 : 2-diphenylethylene were 
separated from dibenzyl only with difficulty. 

The extension of this method to ethylenes possessing p-alkoxyl groups on both aryl nuclei 
was made possible by the recent observation of Campen, Meisner, and Parmerter (J. Amer. Chem. 
Soc., 1948, 70, 2296) that p-alkoxybenzylmagnesium halides can be prepared by a modification 
of the usual Grignard procedure. The tertiary alcohols (VII; R = C,H,, C,H,,; X =H, 
OMe, OEt; Y = OMe) resulting from the reaction between p-methoxybenzylmagnesium chloride 
and the ketones previously mentioned were not isolated but were converted directly into the 
ethylenes (I; R= C,H,, C,H,,; X = H, OMe, OEt; Y = OMe) by dehydration as before. 
Some 4 : 4’-dimethoxydibenzyl was formed as a by-product. 

All the ethylenes prepared by methods (B) and (C) absorb bromine, react with ozone, and 
give coloured solutions in concentrated sulphuric acid, the depth of colour depending on the 
nature of the substituents in the aryl nuclei. Confirmation of the structures assigned to the 
above compounds is provided by the fact that specimens of 1-cyclohexyl-1 : 2-diphenylethylene, 
prepared by both methods, showed the same refractive indices and ultra-violet absorption 
spectra, and 1-cyclobexyl-1-phenyl-2-(p-methoxypheny]l)ethylene, also obtained by both methods, 
showed no. depression in melting point on admixture of the two specimens. In addition, the 
oxidative decomposition of the ozonide of 1-cyclohexyl-1-pheny]l-2-(p-ethoxypheny])ethylene 
(prepared by method B) gave cyclohexyl phenyl ketone and p-ethoxybenzoic acid, and in 
similar manner 1-cyclohexyl-1 : 2-diphenylethylene (prepared by method C) afforded cyclohexyl 
phenyl ketone and benzaldehyde after reductive decomposition of the ozonide. 

The ethylenes described above should all exist in geometrically isomeric forms, in which the 
aryl nuclei have the cis- or trans-configuration about the central double bond. No positive 
evidence of the existence of two forms was found during the preparative work, presumably 
because of the preferential formation of the more stable isomeride during the dehydration 
reaction, and, since the ethylenes differ from each other only in the nature of the aryl groups or 
by the substitution of the cyclopentyl group for cyclohexyl, it is considered that all are of the 
same geometrically isomeric type. Comparison of the compounds (which are liquids or low- 
melting solids) with cis-stilbene (a liquid) and érans-stilbene (m. p. 124°) suggests that they 
possess the cis-stilbene configuration. This view is supported by the ultra-violet absorption 
spectrum of 1-cyclohexyl-1 : 2-diphenylethylene, the maximum absorption of which in ethanol 
resembles that of cis-stilbene (band II) rather than that of the tvans-isomer (Table I). 


TaBLeE I, 
. Amaz.» Ac 
1-cycloHexyl-1 : 2-diphenylethylene 2570 


‘ . 2000 
cis-Stilbene ft 2290 
II 13,500 2800 


° 23,000 2000 
trans-Stilbene ¢ I { 15,000 2260 


II 27,000 2950 
+ Values taken from Braude, Ann. Reports, 1945, 42, 125. 


The compounds marked with an asterisk in the Experimental section were tested for 
cestrogenic activity, the vaginal smear method of assay being used, but none of the compounds 
showed significant activity. The 1-cyclohexyl-1:2:2-triphenylethylene derivatives (X; 
Y = OMe, OEt) show some slight degree of cestrogenic activity, but are much less active than 
triphenylethylene itself. A representative of each group was also tested for anti-cestrogenic 
activity, but all were inactive. The tests were carried out at the British Schering Research 
Institute by Miss Audrey Hudson, to whom our thanks aredve. From these results it is apparent 
that the saturation of one of the aryl nuclei in triphenylethylene derivatives destroys the 
cestrogenic activity of the parent substances. This inactivity can hardly be due to the size of 
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the hydroaromatic ring formed, but may be a consequence of the probable cis-configuration of 
the resulting diphenylethylenes. 


EXPERIMENTAL 


Method A.—cycloPentyl bromide. A solution of cyclopentanone (Thorpe and Kon, Org. Synth 
Coll. Vol. 1, 1944, p. 192) (379 g.) in dry methanol (400 c.c.) was hydrogenated at 125 atm. and 100° with 
stirring in the presence of Raney nickel (Mozingo, Org. Synth., 1941, 21, 15) (20—30 g.). After 16 hours 
the mixture was filtered and fractional distillation gave cyclopentanol (309 g.), b. p. 138°. Treatment of 
the cyclopentanol (207 g.) with phosphorus tribromide (231 g.) according to Adams (loc. cit.) gave 
cyclopentyl bromide (304 g.), the reaction temperature being kept below 0° during the addition of the 
phosphorus tribromide. 

1-Methylcyclopentyl chloride. 1-Methylcyclopentanol was prepared by the method of Zelinsky and 
Namjetkin (Ber., 1902, 35, 2683) from methyl iodide (102 g.), magnesium (18 g.), and cyclopentanone 
(60 g.) in dry ether (400 c.c.). The product was decomposed by pouring into ice and ammonium chloride 
to prevent the dehydration of the carbinol (b. p. 78—82°/85 mm.; 40 g.). This could not be converted 
into the corresponding bromide by reaction with either phosphorus tribromide or phosphorus and bromine, 
but treatment with excess of dry hydrogen chloride in the cold (Meerwein and Miihlendyk, Annalen, 
1914, 405, 171) gave 1-methylcyclopentyl chloride (56% yield), b. p. 64—74°/152—162 mm. 

Deoxybenzoins. Deoxybenzoin was prepared by a modification of the method due to Allen and 
Barker (Org. Synth., Coll. Vol. 2, 1944, p. 156), the phenylacety]l chloride being obtained by the action of 
thionyl chloride instead of phosphorus trichloride. p-Methoxyphenyl benzyl ketone was prepared by 
the method of Ney (Ber., 1888, 21, 2450) by the addition of phenylacetyl chloride (50 g.) to a mixture of 
anhydrous aluminium chloride (60 g.), anisole (40 g.), and carbon disulphide (200 sak Crystallisation 
of the product from benzene-light petroleum (b. p. 60—80°) gave p-methoxyphenyl benzy] ketone (42-5 ¢.) 
in colourless plates, m. p. 75—76-5°. p-Ethoxyphenyl benzyl ketone (Tiffeneau, Oryékhov, and Roger, 
Bull. Soc. chim., 1931, 49, 1757) was prepared in a similar manner from phenylacetyl chloride (58 g.), 
anhydrous aluminium chloride (65 g.), phenetole (55 g.), and carbon disulphide (100c.c.). Crystallisation 
from methanol gave the ketone (57-2 g.) in needles, m. p. 104°. 

Grignard reactions with the deoxybenzoins. (i) A solution of deoxybenzoin (19-6 g.) in dry ether 
rey c.c.) was added to the Grignard reagent prepared from yey Spe a bromide (29-8 g.), magnesium 
4-86 g.), and dry ether (250 c.c.). After boiling under reflux for 30 minutes the mixture was added to 
crushed ice (800 g.) and ammonium chloride (50 g.). Ether-extraction afforded phenylbenzylcarbinol 
(15 g.), m. p. 65-5—66-5°, which did not depress the m. p. of an authentic sample prepared from 
benzylmagnesium chloride and benzaldehyde (Hell, Ber., 1904, 37, 456) (Found: C, 84-6; H,7-0. Calc. 
for C,,H,,0: C, 84-8; H, 7-1%). 

(ii) A solution of p-methoxyphenyl benzyl ketone (22-6 g.) in dry ether (600 c.c.) was added toa 
solution of cyclopentylmagnesium bromide (0-11 mol.) in dry ether (150 c.c.). After 30 minutes’ boiling 
and working up of the product as described above, the ethereal extract afforded a solid (20-9 g.), which on 
crystallisation from aqueous ethanol afforded a smal] amount of unchanged ketone. Concentration of 
the alcoholic solution on the water-bath caused dehydration (shown by a sudden decrease in solubility), 
and crystallisation of the product from benzene-light petroleum (b. p. 60—-80°) gave colourless crystals of 
4-methoxystilbene (12 g.), m. p. 133-5—135-5° (Found: C, 86-0; H, 6-7. Calc. for C,,H,,0: C, 85-7; 
H, 6-7%), which did not depress the m. p. of an authentic sample prepared by the Meerwein—Ponndorf 
reduction of p-methoxypheny] benzyl ketone followed by dehydration of the resulting p-methoxyphenyl- 
benzylcarbinol by boiling it under reflux with glacial acetic acid containing a trace of concentrated 
sulphuric acid. 

(iii) A suspension of p-ethoxyphenyl benzyl ketone (24 g.) in dry ether (600 c.c.) was added toa 
solution of cyclopentylmagnesium bromide (0-1 mol.) in dry ether (150 c.c.). After boiling and working 
up as in the previous examples, the ether extract afforded a solid m. p. 60—90° (20 g.). Fractional 
crystallisation from light petroleum (b. p. 60—80°) gave unchanged p-ethoxyphenyl benzyl ketone 
(14 g.) and impure p-ethoxyphenylbenzylcarbinol, m. p. 65—69° (1g.). The pure carbinol, obtained in 92% 
yield by the Meerwein—Ponndorf reduction of p-ethoxyphenyl benzyl ketone, crystallised from light 
petroleum (b. p. 60—80°) in colourless needles, m. p. 74—74-5°, with a pleasant camphor-like odour 
(Found: C, 79-0; H, 7-6. C,,H,,0, requires C, 79-3; H, 7:5%). 

(iv) To the Grignard reagent prepared from 1-methylcyclopenty] chloride (17 g.), magnesium (3-6 g.), 
and dry ether (150 c.c.) was added a solution of deoxybenzoin (20 g.) in dry ether (150 c.c.). After 
boiling under reflux for 30 minutes the product was worked up as described above. The solid obtained 
from the ethereal extract was distilled under reduced pressure and crystallisation from light petroleum 
(b. p. 60—80°) of the fraction (9 g.), b. p. 120—160°/ca. 1 mm., gave stilbene in colourless plates, 
m. p. 119—121°. Crystallisation of the fraction (6 g.), b. p. 160—180°/ca. 1 mm., from ethanol afforded 
unchanged deoxybenzoin (m. p. 53°). 

Method B.—1-cycloPentyl-1 : 2-diphenylethylene (I; R=C;H,; X=Y=H). cycloPentylphenyl- 
acetonitrile was prepared by a modification of the method of Vasiliu et al. (Chem. Abstr., 1944, 38, 
5493). A solution of phenylacetonitrile (62-7 g.) in dry ether (250 c.c.) was added slowly with cooling to 
powdered sodamide (20-9 g.). After this had been boiled under reflux for 30 minutes and cooled, a 
solution of cyclopentyl bromide (80 g.) in dry ether (100 c.c.) was added slowly. After further boiling 
under reflux the mixture was poured into ice-water (500 c.c.). Distillation of the ethereal extract under 
reduced pressure gave first unchanged cyclopentyl] bromide (10 g.) and phenylacetonitrile (4 g.), followed 
by cyclopentylphenylacetonitrile (b. p. 120—128°/1—1-8 mm.; 72-5 g.), which solidified to a hard 
crystalline mass. A solution of the nitrile (20 g.) in dry ether (100 c.c.) was added during 15 minutes to 
the ice-cold Grignard reagent prepared from bromobenzene (68 g.), magnesium (10-5 g.), and dry ether 
(250 c.c.). The mixture was kept overnight and poured into a mixture of ice (500 g.) and concentrated 
hydrochloric acid (100 c.c.). The solid which separated was collected, combined with the aqueous layer, 
and boiled under reflux with concentrated hydrochloric acid to ensure decomposition of the ketimine 
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Action of cycloPentylphenylacetyl Chloride on Benzene in the Presence of Aluminium Chloride.—cyclo- 
Pentylphenylacetyl chloride (0-1 mol.; prepared as described below) was added dropwise to a mixture of 
dry benzene (120 c.c.) and powdered anhydrous aluminium chloride (15 g.) at 0°. The mixture was 
stirred at room temperature overnight and poured on crushed ice (500 g.) and concentrated hydrochloric 
acid (100 c.c.). The benzene layer was separated, washed with water, dried (CaCl,), and distilled. The 
following fractions were obtained : (i) a mobile liquid, b. p. 100—140°/0-4 mm. (2-5 g.), which gave an 
unidentified 2 : 4-dinitrophenylhydrazone, m. p. 235°; (ii) a viscous liquid, b. p. 160—200°/0-8—1-5 mm. 
(4-0 g.), which on storage deposited crystals of w-cyclopentyl-w-phenylacetophenone (1 g.), m. p. 87—88°, 
both alone and on admixture with the specimen prepared above; and (iii) a glass, b. p. 220—260°/0-55 
mm. (6-1 g.), which afforded an unidentified solid, m. p. 136—136-5° (1 g.), on crystallisation from 
benzene. There was a residue (7-3 g.) which could not be distilled. 

l-cycloHexyl-1 : 2-diphenylethylene (I; R= C,H,,;; X = Y = H).—cycloHexylphenylacetonitrile 
was prepared by a modification of Hancock and Cope’s procedure (Org. Synth., 1945, 25, 25), benzene 
being substituted for toluene as solvent, and powdered sodamide being used. A solution of the nitrile 
(10 g.) in dry ether (150 c.c.) was added to the Grignard reagent prepared from magnesium (2-43 g.), 
bromobenzene (15-7 g.), and dry ether (200 c.c.), cooled to —2°. After being kept overnight, the mixture 
was decomposed with ice and hydrochloric acid and the solid and the aqueous layer were combined and 
boiled under reflux for 30 minutes. Crystallisation of the resulting solid from light petroleum 
(b. p. 60—80°) gave w-cyclohexyl-w-phenylacetophenone (5-1 g.) in colourless needles, m. p. 118—119° 
(Vasiliu and Radvan, /oc. cit., give m. p. 120—121°). The 2: 4-dinitrophenylhydrazone separated from light 
petroleum (b. p. 80—100°) in orange cubes, m. p. 153-5—155° (Found: C, 68-65; H, 5-7. CygH,,O,N, 
requires C, 68-1; H, 5-7%). A mixture of w-cyclohexyl-w-phenylacetophenone (15 g.) and a molar solution 
of aluminium isopropoxide in isopropanol (125 c.c.) was slow-distilled for 16 hours. Hydrolysis and ether- 
extraction as before gave 2-cyclohexyl-1 : 2-diphenylethan-1-ol (11-25 g.), which crystallised from light 
petroleum (b. p. 40—60°) in colourless needles, m. p. 80-5—82° (Found: C, 85-4; H, 85. C..H,O 
requires C, 85-65; H, 8-6%). The 3 : 5-dinitrobenzoate crystallised from light petroleum (b. p. 60—80°) 
in colourless needles, m. p. 163—164° (Found : C, 68-9; H, 5-5. C,,H,,0,N, requires C, 68-3; H, 5-5%). 
The carbinol (10 g.) was boiled under reflux with glacial acetic acid (80 c.c.) and concentrated sulphuric 
acid (0-5 c.c.) for one hour. The product was poured into water, and fractionation of the residue obtained 
from the ethereal extract under reduced pressure afforded 1-cyclohexyl-1 : 2-diphenylethylene * (7-32 g.) 
- an almost colourless oil, b. p. 141°/0:14 mm. Light absorption in ethanol: emer, = 12,600; Amex. = 

10 a. 

1-cycloPentyl-1-phenyl-2-(p-alkoxyphenyljethylenes (I; R=C,;H,; X=H; Y= OMe, OEt).— 
cycloPentylphenylacetonitrile (35 g.) was heated under reflux with 66% sulphuric acid (300 c.c.) for 6 
hours. The mixture was poured into water, and the solid collected. Purification of the acid through the 
sodium salt gave cyclopentylphenylacetic acid (28-6 g.), which crystallised from light petroleum 
(b. p. 80—100°) in colourless cubes, m. p. 99—101° (Vasiliu et al., loc. cit., record m. p. 103°). Toa 
solution of the acid (0-1 mol.) in dry benzene (50 c.c.) were added purified thionyl chloride (14 c.c.) and 
one drop of pyridine, and the solution was kept at 50° for 2 hours. The excess of thionyl chloride 
and the benzene were removed at 50° under reduced pressure. Benzene (2 x 20 c.c. portions) was 
added, and the distillation repeated. The residual acid chloride was dissolved in dry benzene (100 c.c.), 
anisole or phenetole (0-5 mol.) added, and the whole cooled in ice; a solution of anhydrous stannic chloride 
(40 c.c.) in benzene (40 c.c.) was then added dropwise. The mixture was stirred overnight at room 
temperature, after which it was poured on a mixture of ice (500 g.) and concentrated hydrochloric acid 
(200 c.c.) and extracted with ether. After removal of the ether the residue was distilled with steam to 
tfemove solvents and the excess of anisole or phenetole. Extraction of the residue with ether afforded 
the crude p-alkoxyphenyl ketone (cf. Hill and Short, loc. cit.; Wilds and Biggerstaff, loc. cit.). 
p-Methoxy-w-cyclopentyl-w-phenylacetophenone (94% yield) crystallised from light petroleum (b. p. 60—80°) 
in colourless needles, m. p. 104—105-5° (Found: C, 80-9; H, 7-6. C,,H,,O, requires C, 81-6; H, 7-5%), 
and the 2 : 4-dinitrophenylhydrazone separated from light petroleum (b. p. 80—100°) in orange-red cubes, 
m. p. 150—151-5° (Found: C, 66-3; H, 5-5. C,,H,,O,;N, requires C, 65-8; H, 55%). p-Ethoxy-w- 
cyclopentyl-w-phenylacetophenone (91% yield) crystallised from light petroleum (b. p. 60—80°) in colourless 
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needles, m. p. 96—97° (Found: C, 81-3; H, 7:7. C,,H,O, requires C, 81-7; H, 7-8%), and the 
2: oe thydrazone separated from light petroleum (b. p. 80—100°) in orange cubes, m. p. 148-5— 
149° (Found: C, 66-7; H, 5-8. C,,H,,O,N, requires, C, 66-4; H, 5-8%). 

A solution of the cwwy-disubstituted alkoxyacetophenone (0-12 mol.) in a mixture of dry ether 
(30 c.c.) and dry benzene (10 c.c.) was added to a boiling solution of lithium aluminium hydride (0-5 g.) 
in dry ether (50c.c.). After the addition of water and acidification, the ethereal layer was distilled. The 
residue was boiled under reflux with glacial acetic acid (70 c.c.) containing concentrated sulphuric acid 
(0-1 c.c.) for one hour and then poured into water. The ethereal extract on evaporation afforded the crude 
ethylene. 1-cycloPentyl-1-phenyl-2-(p-methoxyphenyl) ethylene * (36% yield) se ted from methanol 
in colourless needles, m. p. 78—79°. 1-cycloPentyl-1-phenyl-2-(p-ethoxyphenyl)ethylene * (53% yield) 
distilled as a colourless oil, b. p. 100—102°/2 x 10° mm. 

1-cycloHexyl-1-phenyl-2-(p-alhkoxyphenyl)ethylenes (lI; R=C,H,,;; X=H; Y= OMe, OEt).— 
cycloHexylphenylacetonitrile (40 g.) was boiled under reflux with 66% sulphuric acid (350 c.c.) for 6 hours, 
After dilution, the solid was collected and washed with water. Crystallisation from light petroleum 
(b. p. 80—100°) gave cyclohexylphenylacetic acid (41 g.) in colourless cubes, m. p. 148—149° (Venus- 
Danilova and Bol’shukin, J. Gen. Chem. U.S.S.R., 1937, 7, 2830; Chem. Abstracts, 1938, $2, 2925, record 
m. p. 150—151°). The acid was converted into the p-alkoxyphenyl ketones as previously described for 
the cyclopentyl analogues. p-Methoxy-w-cyclohexyl-w-phenylacetophenone (75% yield) crystallised from 
light petroleum (b. p. 60—80°) in small colourless needles, m. p. 95—96-5° (Found: C, 81-9; H, 7-8, 
C,,H,,0, requires C, 81-8; H, 7-8%). A solution of the ketone (5-1 g.) in a mixture of dry benzene 
(20 c.c.) and dry ether (40 c.c.) was added to a solution of phenylmagnesium bromide (0-033 mol.) in dry 
ether (50 c.c.). Most of the ether was distilled off and replaced by an equal volume of benzene, and the 
mixture was boiled under reflux for 4 hours. After decomposition with ice (100 g.) and hydrochloric 
acid (100 c.c.), ether was added and the ether—benzene extract distilled. The residue was boiled under 
reflux for 1 hour with glacial acetic acid (50 c.c.) containing concentrated sulphuric acid (0-1 c.c.) and 
then poured into water. Ether-extraction afforded 1-cyclohexyl-1 : 2-diphenyl-2-(p-methoxyphenyl)- 
ethylene * (2-84 g.), which crystallised from light petroleum (b. p. 80—100°) in colourless cubes, m. p. 
127—127-5° (Found: C, 87-9; H, 7-8. 7H,,O requires C, 88-0; H, 7-7%). p-Ethoxy-w-cyclohexyl- 
w-phenylacetophenone (72% yield) separated from light petroleum (b. p. 80—100°) in colourless needles 
m. p. 89—90° (Found: C, 82-2; H, 80. C,,H,,O, requires C, 81-9; H, 8-1%). By the reaction of the 
ketone (5-4 g.) with ey gow pam bromide exactly as described above, 1-cyclohexyl-1 : 2-diphenyl-2- 
(p-ethoxyphenyl)ethylene * (1-8 g.) was obtained, which crystallised from light petroleum (b. p. 60—80°) 


in colourless prisms, m. p. 127-5—129-5° (Found: C, 87-5; H, 8-1. C,,H,,O requires C, 87-9; H, 7-9%). 
The reduction and dehydration of the two ketones were carried out in a manner similar to that 
previously described for the cyclopentyl analogues. 1-cycloHexyl-1-phenyl-2-(p-methoxyphenyl)- 
ethylene * (53% yield) was obtained in colourless needles, m. p. 79°, on crystallisation from light petroleum 
. p. 40—60°). 1-cycloHexyl-1-phenyl-2-(p-ethoxyphenyl)ethylene * (65% yield) crystallised from 
ethanol in colourless needles, m. p. 57—58°. 


Grignard Reactions between p-Alkoxy-w-cyclopentyl-w-phenylacetophenones and isoPropylmagnesium 
Bromide.—To a solution of isopropylmagnesium bromide (0-2 mol.) in.dry ether (200 c.c.) was added a 
solution of p-methoxy-w-cyclopentyl-w-phenylacetophenone (15 g.) in a mixture of dry benzene (80 c.c.) 
and ether (80 c.c.). Approximately 200 c.c. of the mixed solvents were removed by distillation and 
replaced by an equal volume of benzene, and the process repeated to remove as much ether as possible. 
The mixture was then boiled under reflux for 6 hours, set aside overnight, and poured on a mixture 
of crushed ice (500 g.) and ammonium chloride (50 g.). The benzene layer afforded on evaporation a viscous 
oil which was dehydrated by being heated under reflux with glacial acetic acid (150 c.c.) and sulphuric 
acid (lc.c.). After dilution, ether-extraction afforded a compound * as a colourless viscous oil (6-82 g.), 
b. p. 148—151°/2 x 10 mm., n}$ 1-5768 (Found : C, 86-5; H, 8-9. C,,;H,,O requires C, 86-2; H, 8-8%). 
On similar treatment, p-ethoxy-w-cyclopentyl-w-phenylacetophenone (14-9 g.) gave (after boiling under 
reflux for 40 hours with the Grignard reagent) a compound* as a colourless oil (6-94 g.), b. p. 
123—129°/6 x 10-* mm., n}§ 1-5619 (Found: C, 86-3; H, 9-2. C,,H,,O requires C, 86-2; H, 9.09); 
Both compounds gave blood-red solutions in concentrated sulphuric acid. 

Method C.—cycloPentanecarboxylic acid was prepared in 59% yield by the action of carbon dioxide 
on cyclopentylmagnesium bromide according to the general method of Gilman and Kirby (Org. Synth., 
Coll. Vol. 1, 1944, p. 361), excess of solid carbon dioxide being added after gas absorption had ceased. 
cycloPentane- and cyclohexane-carboxyl chloride were prepared by the treatment of the acid (0-1 mol.) 
with a solution of thionyl chloride (14 c.c.) in dry benzene (40 c.c.) and one drop of pyridine at 50° for 2 
hours. The benzene and excess of thionyl chloride were removed by distillation under reduced pressure 
at 60° and benzene (2 x 20 c.c. portions) was added and removed in the same way. The residual acid 
chloride (90% yield) was not further purified. 

Phenyl ketones. A solution of the acid chloride (0-1 mol.) in dry benzene (100 c.c.) was added to 
powdered anhydrous aluminium chloride (18 g.). The mixture was heated on the water-bath for 1 hour, 
then poured into ice (300 g.) and concentrated hydrochloric acid (200 c.c.), whence the ketone was obtained 
by ether extraction. cycloPentyl phenyl ketone (60% yield) was obtained as a colourless mobile oil, 
b. p. 136—140°/16 mm., 64°/12 x 10 mm., n? 1-5404 (Found: C, 81-9; H, 7-8. C,,H,,O requires 
C, 82-7; H, 81%). The 2: 4-dinitrophenylhydvazone separated from ethanol in yellow plates, m. p. 
142—143° (Found: C, 60-8; H, 5-1. C,, 130. N, requires C, 61-0; H, 5-1%), and the semicarbazone 
crystallised from light petroleum (b. > 60—80 }benzene in thick, colourless needles, m. p. 107-5—109-5° 
(Found: C, 67-3; H, 7-3. C,;H,,ON; requires C, 67-5; H, 7:-4%). The oxime separated from e 
petroleum (b. p. 60—80°) in colourless needles, m. p. 106—108° (Found: C, 75-8; H, 8-0. C,,H,,ON 
requires C, 76-1; H, 7-9%). cycloHexyl phenyl ketone (64% yield) was obtained in colourless needles, 
m. p. 55—56°, on crystallisation faewenal teoan light petroleum (b. p. 40—60°) (cf. Meyer and Scharvin, 
loc. cit.). The dinitrophenylhydrazone crystallised from ethyl acetate in yellow needles, m. p. 196-5— 
197-5°, whereas Hughes and Lions (Joc. cit.) reported m. p. 192° (Found: C, 62-2; H. 5-7. Calc. for 
C,,H,O,N, : Cc, 61-9; H, 5-5%). 
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Alkoxyphenyl ketones. The acid chlorides (0-1 mol.) were converted into the corresponding 
xyphenyl ketones by reactions with anisole or phenetole and stannic chloride, by means of the 
procedure described in Method B. cycloPentyl p-methoxyphenyl ketone (95% yield) was obtained as a 
colourless oil, b. p. 105-5—106°/0-2 mm., n?¥ 1-5546, which, on cooling, became a colourless crystalline 
solid, m. p. 15—16° (Found: C, 76-2; H, 7-7. C,3H,,O, requires C, 76-45; H, 7:9%). The 
2: 4-dinitrophenylhydrazone separated from light petroleum (b. p. 80—100°) in orange needles, m. p. 
98—99° (Found: C, 59-55; H, 5-2. C,,H,,O,N, requires C, 59-4; H, 5-2%). cycloPentyl p-ethoxy- 
phenyl ketone (64% yield) crystallised from light petroleum (b. p. 40—60°) (charcoal) in flat colourless 
needles, m. p. 40° (Found: C, 76-8; H, 8-1. (C,,H,,O0, requires C, 77-0; H, 83%). The 2: 4-dinitro- 
henylhydrazone separated from light —— (b. p. 80—100°) in orange needles, m. p. 99—99-5° 
Found: C, 60-5; H, 5-7. CyH,,O,N, requires C, 60:3; H, 5-6%). cycloHexyl p-methoxyphenyl 
ketone (77% yield) crystallised from light petroleum (b. p. 40—60°) in colourless needles, m. p. 65—65-5° 
(Found : C, 76-3; H, 8-2. Calc. for C,,H,,0,: C, 77-0; H, 83%). The 2: 4-dinitrophenylhydrazone 
ted from alcohol in fine orange needles, m. p. 121—122° (cf. Hughes and Lions, loc. cit.). cyclo- 
Hexyl p-ethoxyphenyl ketone (75% yield) crystallised from light petroleum (b. p. 40—60°) in colourless 
on hy m. p. 57-5—58° (Found: C, 77-4; H, 8-75. C,,H,,O, requires C, 77-6; H, 8-7%). The 
2: 4-dinitrophenylhydrazone crystallised from light petroleum (b. p. 80—100°) in red plates, m. p. 128-5— 
129-5° (Found: C, 61-8; H, 5-9. C,,H,,O,N, requires C, 61-2; H, 5-9%). 

Grignard Reactions with Benzylmagnesium Chloride.—A solution of the cycloalkyl aryl ketone (0-05 
mol.) in dry ether (100 c.c.) was added to the Grignard reagent prepared from benzyl chloride (12-65 g.), 
magnesium (2-43 g.), and dry ether (100 c.c.). The mixture was boiled under reflux for one hour, kept 
overnight, and poured into ice (200 g.) and either concentrated hydrochloric acid (200 c.c.) or ammonium 
chloride (100 A ty The product isolated by ether-extraction was heated under reflux for one hour with 

lacial acetic acid (100 c.c.) containing concentrated sulphuric acid (0-1 c.c.) and poured into water. 
ther-extraction, followed by evaporation of the solvent and subsequent fractional distillation under 
reduced pressure to remove benzyl acetate and dibenzyl, gave the ethylene. The following were obtained 
in this way as colourless viscous oils : 1-cyclopentyl-1 : 2-diphenylethylene (I; R = C,H,; X = Y = H) 
(54% yield; b. p. 101°/4 x 10 mm.), which was freed from dibenzyl wy: 4 by repeated distillation ; 
l-cyclopentyl-2-phenyl-1-(p-methoxyphenyl)ethylene* (I; R= C,H,; X = OMe; Y = H) (72% yield; 
b. p. 104°/1-3 x 10“ mm.); 1-cyclopentyl-2-phenyl-1-(p-ethoxyphenyl)ethylene* (R= C,H,; X = OEt; 
Y = H) Oe yield; b. p. 114°/7 x 10-* mm.); 1-cyclohexyl-1 : 2-diphenylethylene (I; R = C,H,,; 
X=Y= (50% yield; b. p. 88°/3-3 x 10-* mm.) which, like the cyclopentyl analogue, was separated 
from dibenzyl with difficulty (light absorption in ethanol: etmes. = 12,840, Amax. = 2570 a.; inflection at 
e= 10,200, A= 26804.); 1-cyclohexyl-2-phenyl-1-(p-methoxyphenyl)ethylene* (I; R= C,Hy; 
X= OMe; Y = H) (74% yield; b. p. 108°/4-7 x 10-5 mm.); and 1-cyclohexyl-2-phenyl-1-(p-ethoxy- 
phenyl)ethylene * (I; R = C,H,,; X = OEt; Y = H) (63% yield; b. p. 118—122°/1-3 x 10-¢ mm.). 

Grignard Reactions with p-Methox benzylmagnesium Chloride.—p-Methoxybenzyl alcohol, prepared 
from anisaldehyde by the method of Davidson and Bogert (J. Amer. Chem. Soc., 1935, 57, 905), was con- 
verted into foes lyre yh chloride as described by Shriner and Hull (J. Org. Chem., 1945, 10, 228). 
A solution of the halide (7-9 g.) in dry ether (80 c.c.) was added during 3—6 hours to a stirred mixture of 
magnesium turnings (3-05 g.) and magnesium powder (3-05 g.) in dry boiling ether (80 c.c.) under nitrogen 
(cf. Campen, Meisner, and Parmerter, Joc. cit.). The reagent was filtered through glass-wool under 
nitrogen and a solution of the cycloalkyl aryl ketone (0-025 mol.) in dry ether (70 c.c.) was added. After 
boiling under reflux for 30 minutes, the mixture was kept overnight and poured on ice (50 g.) and 
concentrated hydrochloric acid (50 c.c.). The product from the ether-extract was heated under reflux 
for 30 minutes with glacial acetic acid (40 c.c.) containing concentrated sulphuric acid (0-05 c.c.) and poured 
into water. Fractional distillation of the ethereal extract under reduced pressure gave 4 : 4’-dimethoxy- 
dibenzyl, followed by the ethylene, which was purified only with difficulty either by crystallisation or by 
redistillation. The following ethylenes were obtained in this manner : 1-cyclopentyl-1 : 2-di-(p-methoxy- 
phenyljethylene (I; R=C,H,; X = Y = OMe) (66% yield; Pa 165°/1-5 x 10° mm.); 1-cyclo- 
SR gre peg pg aces ee cee (I; R=C,H,; X= OEt; Y=OMe) (35% 
pt ey x 10% mm.); 1-cyclohexyl-1-phenyl-2- methoxyphenyl)ethylene (I; R= C,H; ;; 

= H; = OMe) (35% yield; m. p. 78°, which did not ress the m. p. of the same com und pre 

by method B) ; 1-cyclohexyl-1 : 2-di-(p-methoxypheny])ethylene (I; R = C,H,,;; X = ¥ = OMe) 
42% yield; b. p. 168—174°/5 x 10 mm.); and 1-cyclohexyl-2-(p-methoxy ee ee 
ethylene (I; R=C,H,,; X = OEt; Y = OMe) (53% yield; b. p. 168 is x 10° mm.), colourless 
needles, m. p. 78—78-5°, from light petroleum (b. p. 60—80°). The liquid ethylenes were obtained as 
colourless, highly viscous oils. 

Ozonolysis Experiments.—(a) A stream of ozonised oxygen (3%) was passed into a cold solution of 
1-cyclohexyl-1 : 2-diphenylethylene (2 g.) in light petroleum (b. p. 40—60°; 30 c.c.) until reaction was 
complete. Raney nickel sludge (5 g.) was added and the mixture was warmed on the water-bath for ten 
minutes and filtered (cf. Cook and Whitmore, J. Amer. Chem. Soc., 1941, 68, 3540). After removal of the 
solvent by distillation, the residual oil was dissolved in ether and shaken successively with aqueous sodium 
carbonate and aqueous sodium hydrogen sulphite. The product obtained from the ethereal extract gave 
cyclohexyl phenyl! ketone as the 2 : 4-dinitrophenylhydrazone (1 g.), which after crystallisation from ethyl 
acetate melted at 196-5—197-5°, alone or on admixture with an authentic specimen. The hydrogen sulphite 
extract, after acidification and extraction with ether, afforded an oil which gave benzaldehyde as the 
dinitrophenylhydrazone (0-1 g.); this after crystallisation from ethyl acetate melted at 235-5—236-5°, 
both alone and on admixture with an authentic specimen. (b) Ozonised oxygen (3%) was passed into a 
solution of 1-cyclohexyl-1-phenyl-2-(p-ethoxyphenyl)ethylene (1 g.) in glacial acetic acid (30 c.c.) at room 
temperature until reaction was complete. e solution was heated under reflux with 6% aqueous 
hydrogen peroxide (20 c.c.) for one hour. After removal of the solvents under reduced pressure the 
residue was dissolved in ether and shaken with aqueous sodium carbonate. The product from the ethereal 
extract gave cyclohexyl phenyl ketone isolated as the 2 : 4-dinitrophenylhydrazone (0-52 g.), m. p. and 
mixed m. p. 196-5—197-5°. Acidification of the sodium carbonate solution and ether-extraction afforded 
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sr ma acid (0-07 g.), m. p. 192—193° after crystallisation from benzene, which after further 
tallisation did not depress the m. p. (195°) of an authentic specimen (Cohen and Dudley, /., 1910, 
1741). 


TABLE II. 
Ethylenes, p-C,H,X-CR:CH'C,H,Y-p. 
Analysis, %. 
Method of Found. Required. 
Formula. prepn. 
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Colour with 
Cc H. nif, conc. H,SQ,. 


1-58 ‘ 
91-9 +? oy Dark olive-green 
86-3 


Red-brown 
86-2 l- 5879 Red 
86-3 1-5838 Red-brown 
86-2 15774 Blood-red 
81-75 1-5855 Blood-red 
81-9 1-5781 Blood-red 
91-6 “45 (* so2a) Pale olive-green 
86-2 Orange 
86-2 Yellow 
86-2 1 5876 Yellow-orange 
86-2 15768 Dark red 
81-9 
82-1 


1-5915 Blood-red 
1-5841 . Blood-red 

{ Previously prepared by Buu-Hoi and Royer (loc. cit.). 

t+ Previously prepared by Dodds eé¢ al. (loc. cit.). 
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The authors are indebted to Dr. E. A. Braude and Mr. A. Ashdown for the light-absorption data. 
The work described in this paper was carried out during the tenure by one of them (O. C. M.) ofa Kingston- 
upon-Hull Major Award. 
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665. Internuclear Cyclisation. Part I. Modtfications and 
Extensions of the Pschorr Reaction. 


By D. H. Hey and Joun M. Ossonp. 


The Pschorr reaction for the synthesis of phenanthrene derivatives has been carried out 
satisfactorily by a number of modifications of the original procedure by the use of reactions 
which are known to involve the transient formation of free radicals and which have been 
previously used for the synthesis of diaryl derivatives. These methods, which constitute 
a process of homolytic cyclisation, have been extended for the first time to a case in which the 
internuclear bond is formed between an aromatic carbocyclic nucleus and a heterocyclic nucleus. 


Tue Pschorr reaction (Pschorr, Ber., 1896, 29, 496) has been used extensively for the synthesis 
of derivatives of phenanthrene, and more recently of other polycyclic hydrocarbon systems. 
Pschorr’s original method involves the decomposition of the diazonium salt of o-amino-«-phenyl- 
cinnamic acid (I) in dilute sulphuric acid solution in the presence of copper powder 
(cf. Gattermann, Ber., 1890, 28, 1219) at room temperature, which results in ring closure with 
evolution of nitrogen to give phenanthrene-9-carboxylic acid (II) in 93% yield. In later work 
(Pschorr and Tapper, Ber., 1906, 39, 3115; Pschorr et al., Annalen, 1912, 391, 23; Mayer and 
Balle, ibid., 1914, 403, 167) the addition of copper powder was often omitted and the diazonium 
salt was decomposed by warming its aqueous solution on the water-bath. Nylen (Ber., 1920, 
58, 158), who used both methods, obtained an improved yield by the use of copper powder, 
although this was not the experience of Gulland and Virden (J., 1928, 921). Sharp (J., 1936, 
1234), following the procedure of Pschorr and Zeidler (Annalen, 1910, 378, 78), found it 
advantageous to carry out the diazotisation and ring closure at 50°. There have been further 
modifications of the original method, particularly for the synthesis of the more complex 
molecules where there is a tendency for the hydroxy-compound to be formed at the expense of 
ring closure (cf. Cook, J., 1932, 1472). In one modification diazotisation is carried out in 15% 
alcoholic hydrochloric acid by the addition of amyl nitrite followed by the addition of 
copper powder (Pschorr and Quade, Ber., 1906, 39, 3113, 3119), and using these conditions 
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Bogert and Stamatoff (Rec. Trav. chim., 1933, 52, 584) claimed greatly improved yields. 
Another procedure which dispenses with copper powder involves the decomposition of the 
diazonium salt with sodium carbonate (Pschorr and Quade, Ber., 1906, 39, 3112, 3123), and 
Hill and Short (jJ., 1937, 260) observed that the decomposition, although slow in acid solution, 
was rapid in an alkaline medium. Similarly, it has been shown (Pschorr, Seydel, and Stohrer, 
Ber., 1902, 35, 4400; Buchanan, Cook, and Loudon, /., 1944, 325) that, whereas some diazonium 
salts are comparatively stable in boiling acid solution, ring closure can be readily effected in 
alkaline solution. Ruggli and Staub (Helv. Chim. Acta, 1937, 20, 37) effected the ring closure 
of cis-o-aminostilbene to phenanthrene by diazotisation (a) in aqueous solution with subsequent 
addition of copper powder (61% yield), (6) in alcoholic solution using amyl] nitrite and copper 
(64% yield), and (c) in alcoholic solution using amyl nitrite, followed by addition to aqueous 
sodium hypophosphite and copper (80% yield). Cassaday and Bogert (J. Amer. Chem. Soc., 
1939, 61, 2461, 3058) also used the hypophosphite method but found it essential to employ 
dioxan as a solvent in order to achieve ring closure rather than phenol formation (cf. Fieser and 
Kilmer, ibid., 1940, 62, 1354; Barber and Stickings, J., 1945, 167). 

A review of the work of Pschorr and his collaborators, and of the subsequent modified 
procedures briefly outlined above, suggested that the intramolecular reaction which results in 
the formation of the phenanthrene system has many features in common with the intermolecular 
reactions used to effect the union of dissimilar aromatic nuclei (Hey e al., J., 1934, 1797, 1966; 
1938, 108, 113, 699, 1386; 1940, 1284, etc.; Hey and Waters, Chem. Reviews, 1937, 21, 169; 
Bachmann and Hoffman, Org. Reactions, 1944, 2, 224). These methods include, among others, 
the decomposition in the presence of neutral aromatic solvents of (a) diazohydroxides (Gomberg 
and Bachmann, J. Amer. Chem. Soc., 1924, 46, 2339; Gomberg and Pernert, ibid., 1926, 48, 
1372; etc.), (b) diazoacetates and nitrosoacylarylamines (Elks, Haworth, and Hey, /., 1940, 
1285; Grieve and Hey, J., 1934, 1797; France, Heilbron, and Hey, /., 1940, 369; etc.), and 
(c) 1-aryl-3 : 3-dimethyltriazens (Elks and Hey, J., 1943, 441). In these reactions a free aryl 
radical is formed which reacts with the aromatic solvent. Mention should also be made of the 
decomposition of dry diazonium chlorides under certain solvents such as acetone or ethyl acetate 
in the presence of metals such as copper, zinc, mercury, arsenic, or silver (Waters et al., J., 
1937, 2007; 1938, 843, 1077; 1939, 864), which reactions frequently provide a convenient 
source of aryl radicals and might with advantage be applied to the synthesis of phenanthrene 
derivatives. By means of the above reactions it is also possible, as a consequence of their 
homolytic character, to prepare aryl-substituted heterocyclic compounds such as aryl-pyridines 
(Heilbron, Hey, e¢ al., J., 1940, 349, 355, 358, 372, 1279; 1943, 441), -thiophens (Gomberg and 
Bachmann, Joc. cit.), -pyrroles (Rinkes, Rec. Trav. chim., 1943, 62, 116), and -furans (Johnson, 
J., 1946, 895). The similarity between the Pschorr reaction and the Gomberg reaction has 
been commented on by Waters (j., 1942, 266; ‘‘ The Chemistry of Free Radicals,’’ Oxford, 
1946, p. 165) and more recently by Schetty (Helv. Chim. Acta, 1949, 32, 24), who has adapted 
the Pschorr procedure to the preparation of sultones from aryl esters of aniline-o-sulphonic 
acid. An investigation has therefore been initiated into the application of the above reactions 
to the synthesis of phenanthrene derivatives with particular reference to those cases in which 
the normal Pschorr reaction gives unsatisfactory results, and to the possible extension of the 
reaction to include the synthesis of heterocyclic systems. 

In the first instance a study was made of the application of the above reactions 
to o-amino-a-phenylcinnamic acid (I), which is known to give phenanthrene-9-carboxylic 
acid (II) in good yield by the normal Pschorr procedure. Acetylation at room 
temperature of the acid (I) gave the acetamido-acid, whereas acetylation with acetic 
anhydride at higher temperatures gave 3-phenylcarbostyril (cf. Pschorr, Ber., 1898, 


CH y CH 
\ \ y, “te NN 
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81, 1294). o-Nitrosoacetamido-a-phenylcinnamic acid (III) was obtained from the 
acetyl derivative by treatment with nitrosyl chloride (cf. France, Heilbron, and Hey, loc. cit.). 
1-0-(2-Carboxy-2-phenylvinyl)phenyl-3 : 3-dimethyltriazen (IV) was prepared by the method 
of Elks and Hey (loc. cit.) by the addition of an aqueous solution of diazotised o-amino-«-phenyl- 
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cinnamic acid to an alkaline solution of dimethylamine. The preparation of phenanthrene-9. 
carboxylic acid (II) was then carried out by six methods. The decomposition of the diazonium 
chloride prepared from o-amino-«-phenylcinnamic acid with copper bronze in aqueous solution 
afforded the acid (II) in 40% yield, whereas with Gattermann’s copper powder Pschorr (Ber,, 
1896, 29, 496) reported a yield of 98%. On the other hand, decomposition of the dry diazonium 
chloride under acetone in the presence of copper gave phenanthrene-9-carboxylic acid in 81% 
yield. For this reaction the diazonium chloride was prepared by the addition of amy] nitrite to 
an alcoholic hydrogen chloride solution of o-amino-«-phenylcinnamic acid, and was sparingly 
soluble in alcohol and completely precipitated with dry ether. The resulting diazonium salt 
was kept under AnalaR acetone at room temperature, and appeared to be stable until a trace of 
copper powder was added, whereupon a vigorous reaction immediately started with evolution 
of nitrogen and separation of the pure white crystalline acid (II). The reaction was complete 
in less than a minute, whereas in the normal Pschorr procedure at room temperature it usually 
takes several hours for completion. In the third modification the aqueous diazonium chloride 
solution prepared from o-amino-«-phenylcinnamic acid was neutralised by the slow addition of 
an equivalent quantity of aqueous sodium hydroxide with stirring at 0°, which gave 
phenanthrene-9-carboxylic acid in 75% yield. When an aqueous solution of sodium acetate 
was added to the diazonium chloride solution in place of the sodium hydroxide, little reaction 
occurred in the cold, but at room temperature after several hours’ stirring phenanthrene-9- 
carboxylic acid was obtained in 56% yield. Further, when o-nitrosoacetamido-a-phenyl- 
cinnamic acid (III) was dissolved in warm benzene, nitrogen was evolved and phenanthrene-9- 
carboxylic acid was afforded in 43% yield. This nitroso-derivative was found to be 
comparatively stable and it was necessary to boil the solution to ensure completion of the 
reaction. In boiling ether solution the nitroso-compound (III) decomposed at a slower rate 
and phenanthrene-9-carboxylic acid was isolated in 37% yield. In the sixth method, dry 
hydrogen chloride was passed into a boiling solution of the triazen (IV) in benzene, and 
phenanthrene-9-carboxylic acid was obtained in 58% yield together with some o-chloro-a- 
phenylcinnamic acid. For purposes of comparison the latter acid was prepared by condensation 
of o-chlorobenzaldehyde with sodium phenylacetate in the presence of acetic anhydride and 
zinc chloride. 

As a result of the successful application of the above methods to the preparation of 
phenanthrene-9-carboxylic acid from o-amino-«-phenylcinnamic acid, it seemed possible that 
the same methods might be applicable to the synthesis of certain heterocylic systems in which 
the final ring closure involves a pyridine ring. Although several heterocyclic compounds 
containing nitrogen have been prepared by the Pschorr reaction in the aporphine group 
(cf. Gadamer, Oberlin, and Schoeler, Arch. Pharm., 1925, 268, 81; Haworth, Perkin, and 
Rankin, J., 1925, 2018 etc.), the final ring closure involved in each case two aromatic carbo- 
cyclic nuclei. An attempt was made by Amstutz and Spitzmuller (J. Amer. Chem. Soc., 1943, 
65, 367) to effect ring closure in cis-o-amino-«-(2-furyl)cinnamic acid (V) by means of the 
Pschorr procedure or one of its modifications, but only phenolic substances were isolated from 
the product. 
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A preliminary attempt was made to bring about a ring closure of 2-(2-aminostyryl)pyridine 
(VI) & 5 : 6-benzoquinoline (X), but this was unsuccessful owing to the ¢vans-configuration of 
the. molecule (cf. Rath and Lehmann, Ber., 1925, 58, 342) determined initially by the high 
temperature required for the condensation of o-nitrobenzaldehyde and «-picoline. This amine 
was also used by Simpson (J., 1946, 673) in the Widman-Stoermer reaction, but no appreciable 
tendency to any well-defined ring-closure was observed. As was shown by Ruggli et al. (Helv. 
Chim. Acta, 1936, 19, 1288; 1937, 20, 37; 1941, 24, 173), the success of the Pschorr reaction is 
dependent on the utilisation of the appropriate cis-form of the substituted ethylene employed. 
Fortunately, in the condensation between a substituted o-nitrobenzaldehyde and phenylacetic 
acid, the cis-isomer is preferentially formed owing to the influence of the carboxyl group, 
although mixtures of cis- and trans-acids are sometimes obtained (Amstutz and Spitzmuller, 
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loc. cit.; Buchanan, Cook, and Loudon, Joc. cit.). For these reasons it was therefore not 
surprising that the only product obtained from the application of the Pschorr procedure to 
2-(2-aminostyryl)pyridine (VI) in dilute hydrochloric acid was 2-(2-chlorostyryl)pyridine, 
jsolated as the picrate. An authentic specimen of this pyridine was prepared by condensation 
of o-chlorobenzaldehyde with a-picoline in acetic anhydride (cf. Simpson, Joc. cit.). Similarly, 
decomposition of the 3: 3-dimethyltriazen derived from 2-(2-aminostyryl)pyridine (VI) also 
gave on decomposition with hydrogen chloride in benzene solution 2-(2-chlorostyryl)pyridine. 
Acetylation of 2-(2-aminostyryl)pyridine gave a diacetyl derivative, and attempts to prepare a 
nitroso-derivative from this were unsuccessful. 

In order to overcome the difficulty arising from the geometrical isomerism of the styryl- 
pyridine, 2-(2-o-aminophenylethyl)pyridine (VII) was prepared by reduction of 2-nitrostilbazole 
(Shaw and Wagstaff, J., 1933, 79) or its alkine with phosphorus and hydrogen iodide, and when 


oad 
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(X.) (XI.) . 


this base was submitted to the normal Pschorr procedure in dilute acid solution with use of 
copper powder a small yield of 5 : 6-benzoquinoline (X), isolated as the picrate, was obtained. 
The intermediate 7 : 8-dihydro-5 : 6-benzoquinoline (XI) had presumably been oxidised by the 
excess of nitrous acid present to give (X). 

In a second reaction with 2-2’-o-aminophenylethylpyridine, dioxan containing sulphuric 
acid was used as the solvent and diazotisation was attempted with amyl nitrite (cf. Cassaday 
and Bogert, loc. cit.). The diazotisation, however, proceeded only in the presence of a small 
quantity of water, and the resulting diazonium chloride solution was decomposed by the 
addition of copper powder with subsequent warming. From this reaction three products were 
isolated, namely, 7 : 8-dihydro-5 : 6-benzoquinoline (XI) and 2-2’-phenylethylpyridine as 
picrates in small yield, together with 2-(2’-o-hydroxyphenylethy])pyridine as the major product. 
As far as the authors are aware, these two reactions provide the first known examples of the 
application of a Pschorr-type reaction to a case in which the final ring-closure is effected on to a 
pyridine nucleus. In the latter reaction it is suggested that 7 : 8-dihydro-5 : 6-benzoquinoline 
and 2-2’-phenylethylpyridine result from the decomposition of the covalent diazonium chloride 
to a free aryl radical with elimination of nitrogen, and that the radical then reacts either 
intramolecularly with the pyridine nucleus in close proximity or intermolecularly with the 
solvent molecules from which it abstracts a hydrogen atom. It is not surprising that low yields 
of the benzoquinoline were obtained in these reactions, because Ruggli and Staub (/oc. cit.) in 
an analogous reaction with carbocyclic nuclei obtained only a trace of 9: 10-dihydrophen- 
anthrene from o-2’-phenylethylaniline, although better yields were obtained in alcoholic 
solution. In an attempt to increase the yields of the benzoquinoline in these reactions, recourse 
was made to the use of 2-(2-0-nitrosoacetamidophenylethyl)pyridine (VIII) which was obtained 
by the action of nitrosyl chloride on either the acetyl or the diacetyl derivative of 2-(2-0-amino- 
phenylethyl)pyridine (VII). 2-(2-o-Nitrosoacetamidophenylethyl)pyridine (VIII) decomposed in 
solution in benzene with evolution of nitrogen to give 7 : 8-dihydro-5 : 6-benzoquinoline (XI) 
in 41% yield as a pale yellow oil together with a small amount of 2-(2-0-acetamidophenylethyl)- 
pyridine, characterised by its picrate and by hydrolysis to the base (VII). By heating the 
dihydrobenzoquinoline (XI) with selenium at 300°, 5: 6-benzoquinoline (X) was obtained, 
identical with an authentic specimen. 

The preparation of a nitrosoacylarylamine by the action of nitrosyl chloride on the diacetyl 
derivative of an amine had not been previously reported, but the general character of the 
reaction was confirmed by showing that nitrosation of NN-diacetylaniline under similar 
conditions proceeded in a similar manner, and acetanilide and diphenyl were isolated from the 
decomposition of the product in benzene solution. 

The triazen (IX) was prepared as a pale yellow oil by the addition of the diazonium chloride 
solution prepared from 2-(2-o-aminophenylethyl)pyridine (VII) to an alkaline solution of 
dimethylamine (cf. Elks and Hey, Joc. cit.). The triazen was decomposed in solution in benzene 
with dry hydrogen chloride to give in 58% yield 2-(2-0-chlorophenylethyl)pyridine, characterised 
as the picrate. The presence of 5: 6-benzoquinoline was not detected in the products of this 
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reaction, or in those from the action of aqueous sodium hydroxide on the diazonium sulphate 
prepared from 2-(2-o-aminophenylethyl)pyridine. The only product isolated from the latter 
reaction was 2-(2-o-hydroxyphenylethyl)pyridine, which was obtained in 40% yield. 


EXPERIMENTAL. 


0-Amino-a-phenylcinnamic Acid (I).—Hydrogen sulphide was passed into a solution of o0-nitro-a- 
—————- acid (8 g.) in aqueous ammonia (40 c.c., d 0-88) and water (80 c.c.) for 6 hours at 0°. 

e reaction mixture was then heated until the excess of ammonia and hydrogen sulphide had been 
expelled, and the sulphur which had been deposited was filtered off. The filtrate was made just acid 
with dilute acetic acid, and the yellow precipitate was dissolved in boiling dilute hydrochloric acid and 
the solution filtered hot. The filtrate was made just alkaline with dilute ammonia and re-acidification 
with dilute acetic gave the pure amino-acid, which crystallised from toluene in yellow rod-like needles 
(7-17 g.), m. p. 184—185°. Pschorr (Ber., 1896, 29, 496) gives m. p. 185—186°. 

Action of Acetic Anhydride on 0-Amino-a-phenylcinnamic Acid.—(a) The amino-acid (2 g*) was boiled 
under reflux with acetic anhydride (20 c.c.) and concentrated sulphuric acid (2 drops) for 2 hours. 
The reaction mixture was ured on ice and water (200 c.c.) and the oil, which separated, 
solidified. 3-Phenylcarbostyril separated from alcohol in colourless needles (1-3 g.), m. p. 228° 
Wislicenus and Erbe (Annalen, 1920, 421, 147) give m. p. 227—-228°; Pschorr (Ber., 1898, $1, 1294) 
gives m. p. 234° (corr.). (6) The amino-acid (3 g.) was added to glacial acetic acid (40 c.c,), 
acetic anhydride (15 c.c.), and concentrated sulphuric acid (2 drops), and the solution was left at room 
temperature for 3 hours. The reaction mixture was poured into water (400 c.c.) and cooled to 0°, 
o-Acetamido-a-phenylcinnamic acid was collected and crystallised from aqueous alcohol in colourless 
plates (2-89 g.), m. p. 225—226° (Found: C, 72-9; H, 5:3. C,,H,,0,N requires C, 72-6; H, 54%). A 
mixed m. p. with 3-phenylcarbostyril gave a marked depression to 185—187°. 

o-Nitrosoacetamido-a-phenylcinnamic Acid (III) (cf. France, Heilbron, and Hey, Joc..cit.).—A mixture 
of o-acetamido-a-phenylcinnamic acid (5 g.), freshly fused potassium acetate (5 g.), phosphoric oxide 
(0-5 g.), glacial acetic acid (35 c.c.), and acetic anhydride (15 c.c.) was cooled to 0° and nitrosyl chloride 
(3-44 g.) dissolved in glacial acetic acid (6-88 g.) was added dropwise with stirring. After the addition 
the solution, which had become orange in colour, was stirred for a further 30 minutes and was filtered 
from a small amount of unchanged acetamido-acid. The filtrate was added to ice-cold water (400 c.c.) 
in portions with stirring. The nitroso-compound separated as a yellowish-white precipitate which 
tended to coagulate toa gum. It was collected and dried over concentrated sulphuric acid at 0°. The 
yellow, dry, brittle mass was extracted with cold dry ether and a small amount of insoluble o-acetamido- 
a-phenylcinnamic acid (0-16 g.) was separated. Evaporation of the ethereal extract at room temperature 
under reduced pressure gave o-nitrosoacetamido-a-phenylcinnamic acid as a yellow amorphous solid 
(4-47 g.), m. p. 89° (decomp.). When heated on a spatula in a bare flame it gave the characteristic 
“* flash ’’ of nitroso-derivatives of this type. 

1-0-(2-Carboxy-2-phenylvinyl) phenyl-3 : 3-dimethyliriazen (IV) (cf. Elks and Hey, Joc. cit.).—o-Amino- 
a-phenylcinnamic acid (4-8 g.) was dissolved in concentrated hydrochloric acid (6-6 g.) and water 
(40 c.c.) by warming. After being cooled to 0°, the suspended hydrochloride was diazotised by the 
addition of sodium nitrite (1-4 g.) in water (15 c.c.). A further quantity of water (125 c.c.) was then 
added to dissolve the sparingly soluble diazonium chloride, which separated in yellow needles. The 
filtered diazonium solution was added dropwise at 0°, with stirring, to a solution of sodium carbonate 
(13-4 g.) in water (100 c.c.) and aqueous dimethylamine (3-2 g., 33%) cooled to 0°. White silky needles 
soon separated, and after the addition the reaction mixture was stirred at room temperature for a further 
half hour. The mixture was acidified by the addition of glacial acetic acid and the 1-o-(2-carboxy-2- 
phenylvinyl)phenyl-3 : 3-dimethyliriazen was collected; it crystallised from benzene-light petroleum 
(b. p. 60—80°) in colourless needles (4-75 g.), m. p. 154—155° (decomp.) (Found: C, 69-3; H, 5-8. 
C,,H,,0,N, requires C, 69-1; H, 5-8%). 

Phenanthrene-9-carboxylic Acid (II1).—This was prepared by the following six methods: (a) o-Amino- 
rae tonne mega acid (1-45 g.) was dissolved in concentrated hydrochloric acid (3-3 g.) and water (100 c.c. 

ry warming. The solution was cooled to 0° and a solution of sodium nitrite (0-7 g.) in water (10 c.c. 
was added dropwise. When copper bronze (1 g.) was added to the diazonium solution, nitrogen was 
evolved, and after an hour the solution was warmed on the water-bath to complete the reaction, as 
shown by a negative coupling reaction with alkaline B-naphthol. The white solid which had separated 
was collected, dissolved in dilute ammonia solution, and filtered to remove copper bronze. Acidification 
of the alkaline filtrate gave phenanthrene-9-carboxylic acid, which separated from glacial acetic acid in 
colourless needles (0-53 g., 40%), m. p. 250—252°. Using copper powder, Pschorr (Ber., 1896, 29, 
496) records a yield of 93%, which has been corroborated by Hey and Mulley (unpublished work). 

(b) o-Amino-a-phenylcinnamic acid (4:8 g.) was diazotised, as described above, in a mixture of 
concentrated hydrochloric acid (7-6 c.c.) and water (60 c.c.) by the addition at 0° of sodium nitrite 
(1-6 g.) in water (17 c.c.). Aqueous sodium hydroxide (10%) was added dropwise to the filtered 
diazonium solution with stirring at 0° until the solution was neutral to litmus. After the first few drops 
of alkali had been added, nitrogen was evolved briskly and the reddish-brown solution was stirred 
overnight at room temperature. The filtered solution was acidified, and the white precipitate (4-5 g.) 
collected. Crystallisation from glacial acetic acid gave phenanthrene-9-carboxylic acid (3-3 g., 75%), 
m. p. 246—249°. 

(c) o-Amino-a-phenylcinnamic acid (2-4 g.) was diazotised, as described above, in a mixture of 
concentrated hydrochloric acid (4 c.c.) and water (30 c.c.) at 0° by the addition of sodium nitrite (0-8 g.) 
in water (10 c.c.). An equivalent amount of sodium acetate in water (50 c.c.) was added dropwise at 0° 
to the filtered diazonium chloride solution with vigorous stirring. The yellow solution became deeper 
in colour, and no evolution of nitrogen was observed during 3 hours at 0°, but when the solution was 
allowed to come to-.room temperature gassing occurred. The solution was stirred at room temperature 
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for 24 hours, nitrogen being slowly evolved. The brown insoluble material was collected (1-65 g.), and 
crystallisation from aqueous acetic atid gave phenanthrene-9-carboxylic acid (1-25 g., 56%), m. p. 
246—250°. A mixed m. p. with an authentic specimen showed no depression. 

(d@) o-Amino-a-phenylcinnamic acid (4-8 g.) was dissolved in ethyl alcohol (25 c.c.) with warming. 
Dry hydrogen chloride was then passed into the solution until the hydrochloride of the base was 
precipitated. The resulting suspension was cooled to 0° and isoamy] nitrite (3-5 c.c.) was added dropwise 
with shaking. The yellow diazonium salt which formed was sparingly soluble in alcohol, and after it 
had stood for $ hour dry ether (200 c.c.) was added to ensure complete precipitation of the diazonium 
salt, which was filtered on a sintered-glass crucible and washed well with AnalaR acetone (3 x 100 c.c.), 
care being taken to keep the solid covered by the solvent. The diazonium salt was then transferred 
to a conical flask and AnalaR acetone (100 c.c.) was added at room temperature. No reaction occurred 
until a small amount of copper powder was added, whereupon an immediate reaction commenced, which 
became very vigorous with evolution of nitrogen. The reaction was complete in one minute and a 
crystalline solid (2-8 g-), m. p. 250—251°. From the mother-liquor a further crop was 
obtained (1-15 g.), m. p. 246—248°. Crystallisation from glacial acetic acid gave the pure phenanthrene- 
9-carboxylic acid (3-65 g., 81%), m. p. 252—253°, which separated in stout needles or colourless feathery 
needles. A mixed m. p. with an authentic specimen showed no depression. When this experiment 
was repeated with cyclohexane in place of acetone as. the solvent, no reaction occurred when copper 
powder was added (cf. Makin and Waters, J., 1938, 843). Decomposition, however, took place when 
the mixture was warmed on the water-bath, to give phenanthrene-9-carboxylic acid. 

(e) (i) A solution of o-nitrosoacetamido-a-phenylcinnamic acid (4-47 g.) in sodium-dried benzene 
(100 c.c.) was left at room temperature for several hours, but no decomposition appeared to take place. 
When the yellowish-orange solution was warmed gently to 50° on the water-bath nitrogen was evolved 
slowly. The rate of decomposition became brisk, however, only at 60°, and the solution was finally 
boiled under reflux for 4 hours to ensure complete decomposition. After 15 minutes’ heating a solid 
began to crystallise on the side of the flask, and on cooling some whitish-cream material separated in a 
crystalline form. The cold mixture was shaken with dilute aqueous ammonia, and the crystalline 
material dissolved into the alkaline layer. Acidification of the alkaline extract precipitated a white 
solid (2-45 g.), m. p. 230—250°, and crystallisation from glacial acetic acid gave phenanthrene-9- 
carboxylic acid (1-4 g., 43-4%), m. p. 249—251°. A mixed m. p. with an authentic specimen showed no 
depression. From the benzene extract a reddish-brown gum (0-3 g.) was obtained, from which a white 
solid (0-05 g.), m. p. 120—130°, was isolated but not identified. (ii) A solution of o-nitrosoacetamido-a- 
phenylcinnamic acid (2 g.) in sodium-dried ether (100 c.c.) was boiled under reflux for 2 hours. The 
yellow solution gradually became orange in colour and nitrogen was evolved. After 15 minutes the 
solution became cloudy and a crystalline solid separated on the side of the flask. The solid (0-56 g.) was 
collected, and after two crystallisations from acetic acid phenanthrene-9-carboxylic acid (0-1 g.), m. p. 
249°, was obtained. The ethereal filtrate was extracted with dilute ammonia solution, which gave on 
acidification a further quantity of the acid. After crystallisation from acetic acid of the combined ~ 
fractions phenanthrene-9-carboxylic acid (0-52 g., 37%), m. p. 250—251°, was obtained. 

(f) 1-0-(2-Carboxy-2-phenylvinyl)phenyl-3 : 3-dimethyltriazen (4-45 g.) was dissolved in sodium- 
dried benzene (100 c.c.) by warming, and when the solution was boiling steadily under reflux a stream of 
dry hydrogen chloride was passed through it for 4 hour. Nitrogen was evolved and dimethylamine 
hydrochloride separated from the solution, which became dark red. The reaction mixture was extracted 
first with warm water to remove the dimethylamine hydrochloride and then with dilute ammonia solution. 
The solid, which was obtained on acidification of the alkaline extract, was crystallised from glacial acetic 
acid and gave phenanthrene-9-carboxylic acid (1-95 g., 58%), m. p. 247—-250°. A mixed m. p. with an 
authentic specimen showed no depression. Concentration of the acetic acid mother-liquor gave a second 
compound, which after crystallisation from aqueous alcohol gave o-chloro-a-phenylcinnamic acid (0-35 g., 
9%) in long colourless needles, m. p. 172° (Found: C, 69-2; H, 4-15. C,,H,,O,Cl requires C, 69-6; H, 
43%). A mixed m. p. with an authentic specimen, prepared as described below, showed no depression. 

0-Chloro-a-phenylcinnamic Acid.—A mixture of o-chlorobenzaldehyde (3-5 g.) and sodium phenyl- 
acetate (4 g.) was heated with acetic anhydride (50 c.c.) in an oil-bath at 130—150° for 8 hours. When 
cold, the reaction mixture was poured into water (400 c.c.) with stirring, and the mixture was warmed 
until the acetic anhydride had decom: . The product was extracted with ether and shaken with dilute 
aqueous ammonia. Acidification of the ammoniacal extract deposited a white precipitate. Crystallis- 
ation from aqueous alcohol gave o-chloro-a-phenylcinnamic acid in colourless needles, m. p. 170—171°. 

Action of Copper Powder on the Diazonium Solution prepared from the Dihydrochloride of 2-(2-Amino- 
styryl)pyridine (V1).—A solution of 2-(2-aminostyryl)pyridine dihydrochloride (5-2 g.) (Simpson, Joc. cit.) 
in concentrated hydrochloric acid (2 c.c.) and water (25 c.c.) was diazotised by the addition at 0° ofa 
solution of sodium nitrite (1-7 g.) in water (10 c.c.). To the filtered diazonium chloride solution, copper 
powder (5 g.) was added, and immediate decomposition occurred with evolution of nitrogen and the 
formation of a thick yellowish foam. The mixture was shaken at room temperature for 3 hours, after 
which the solution no longer gave a red precipitate with alkaline B-naphthol. The reaction mixture 
was warmed on the water-bath, and the solid material dissolved, leaving the copper powder, which was 
filtered off. The filtrate was made alkaline and the mixture was extracted with ether. After filtration 
from some insoluble material the ether was evaporated and the residual red gum (0-6 g.) was converted 
into a picrate, which ——— from alcohol in yellow plates, m. p. 205—206°, both alone and 
on admixture with 2-(2-chlorostyryl)pyridine picrate, prepared as described below (Found: C, 51-0; 
H, 2-6. C,s;H,NCI,C,H,O,N, requires C, 51-3; H, 2-9%). 

2-(2-Chlorostyryl)pyridine.—o-Chlorobenzaldehyde (5-6 g.) and a-picoline (3-72 g.) were heated with 
acetic anhydride (5 g.) for 9 hours in an oil bath at 155—160°. The mixture was distilled with steam to 
remove unchanged material and the residue was made alkaline by addition of 10% aqueous sodium 
hydroxide. The solid which separated crystallised from aqueous ammoniacal alcohol to give 2-(2- 
chlorostyryl)pyridine (5 g.), m. p. 75—77°. Simpson (loc. cit.) gives m. p. 77—78°. The picrate of 
this base separated from alcohol in yellow plates, m. p. 205—206°. 
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1-0-(2-2’-Pyridylvinyl)phenyl-3 : 3-dimethyltriazen (cf. Elks and Hey, Joc. cit.) —A solution of 2-(2- 
aminostyryl)pyridine (4-9 g.) in water (40 c.c.) and concentrated hydrochloric acid (11 c.c.) was 
diazotised at 0° by the addition of a solution of sodium nitrite (1-75 g.) in water (10c.c.). The diazonium 
solution was added dropwise with stirring to a mixture of aqueous dimethylamine (4 g., 33% solution) 
and aqueous sodium carbonate (15 g., in 150 c.c.). A red gum separated, and after a further } hour’s 
stirring the mixture was extracted with ether. The ethereal extract afforded on distillation the triazen 
(4 g.), b. p. 220°/3-2 mm., as a red glass, which could not be induced to crystallise. A small portion 
when dissolved in hydrochloric acid gave a red precipitate with alkaline 8-naphthol. 

Decomposition of 1-0-(2-2’-Pyridylvinyl)phenyl-3 : 3-dimethyliriazen in Benzene.—Dry hydrogen 
chloride was passed into a solution of the triazen (4 g.) in dry benzene (75 c.c.) maintained at the boil 
under reflux. Decomposition began at once and a red oily tar was deposited. After 4 hour the mixture 
was washed with aqueous sodium hydroxide, and the benzene extract was dried. Distillation of the 
solvent left a red glass (3-25 g.), which on treatment with alcoholic picric acid (3-5 g.) gave three picrates, 
The major product was 2-(2-chlorostyryl)pyridine picrate, m. p. and mixed m. p. 204—205°. The 
other two picrates, which separated in long red needles, m. p. 190—192°, and in yellowish-orange needles 
m. p. 182—185°, were not identified. : 

2-(2-Hydroxy-2-o-nitrophenylethyl)pyridine (cf. Shaw and Wagstaff, Joc. cit.).—A mixture of o-nitro- 
benzaldehyde (7-5 g.) and a-picoline (4-6 g.) was boiled under reflux with water (3-6 c.c.) and glacial 
acetic acid (1 c.c.) for 30 hours. The reaction mixture was made alkaline and the precipitated alkine 
was collected and washed with water. Crystallisation from alcohol gave 2-(2-hydroxy-2-0-nitrophenyl- 
ethyl)pyridine in colourless crystals (43 g.), m. p. 137°. Roth (Ber., 1900, 38, 3476) gives 
m. p. 137—138°. 

2-(2-0-A minophenylethyl)pyridine (VII).—This was prepared from o-nitrostilbazole by the method of 
Shaw and Wagstaff (/oc. cit.) or by reduction of the above alkine. 2-(2-Hydroxy-2-0-nitrophenylethy])- 
pyridine (4-1 g.) was heated with red phosphorus (2-5 g.) and hydriodic acid (22 c.c.; d 1-7) for 5 hours 
in an oil-bath at 160°. The filtered solution was made alkaline and extracted with ether, which on 
evaporation yielded a yellow solid. Crystallisation from light petroleum (b. p. 40—-60°) gave 2-(2-0- 
aminophenylethyl)pyridine (1-5 g.) in long colourless needles, m. p. 58—60°. 

Acetylation of 2-(2-0-Aminophenylethyl)pyridine.—(a) A solution of the above amine (0-5 g.) in acetic 
anhydride (2 c.c.) was kept at room temperature for 2 hours. Water was added, and the solution made 
alkaline with aqueous sodium carbonate. The acetyl derivative, which was extracted with ether, 
crystallised from light petroleum (b. p. 40—60°) in transparent flat cubes, m. p. 62—67°. Further 
crystallisation from the same solvent raised the m. p. to 66—68° when the crystals were air-dried, but 
when dried in vacuo over concentrated sulphuric acid the solid tended to collapse, soften, and become 
brittle and then had m. p. 60—62°. A correct analysis of the base could not be obtained, but 
the picrate separated from alcohol in yellow needles, m. p. 159—160° (Found: C, 541; H, 
4:2. C,,5H,,ON;,C,H,O,N, requires C, 53-7; H, 4:1%). (6) A solution of 2-(2-o-aminophenylethy]l)- 

yridine in acetic anhydride (10 c.c.) was boiled under reflux for 12 hours. The solution was poured 
into water, made alkaline with aqueous sodium carbonate, and extracted with ether. Removal of 
the ether gave 2-(2-0-diacetylaminophenylethyl)pyridine, which separated from light petroleum (b. p. 
40—60°) in colourless needles, m. p. 45° (Found: C, 72-6; H, 6-2. C,,H,,O,N, requires C, 72-6; H, 
61%). The picrate separated from alcohol in yellow needles, m. p. 170—171° (Found: C, 54-2; H, 4-1. 
C,,H,,0,N,,C,H,;O,N, requires C, 54-0; H, 4-1%). 

Action of Copper Powder on the Diazonium Sulphate prepared from 2-(2-0-A minophenylethyl) pyridine 
(VII).—(a) A warm solution of the amine (5 g.) in a mixture of concentrated sulphuric acid (3-5 c.c.) 
and water (40 c.c.) was cooled to 0° and the suspended sulphate was diazotised by addition of a solution 
of sodium nitrite (2 g.) in water (20 c.c.). When copper powder (5 g.) was added a vigorous reaction 
ensued. After ? hour the solution was made alkaline by addition of aqueous sodium hydroxide (10%) 
and extracted with ether. This extract afforded a red gum (0-6 g.), which was treated with alcoholic 
picric acid. A small amount of picrate was finally obtained in yellow needles, m. p. 249—250°, by 
repeated crystallisation from benzene. A mixed m. p. with 5 : 6-benzoquinoline picrate (m. p. 251—252°) 
gave no depression. (b) A mixture of concentrated sulphuric acid (8 c.c.) and water (10 c.c.) was added 
to a solution of the amine (5-9 g.) in dioxan (50 c.c.). isoAmyl nitrite (5 g.) was added to the stirred 
suspension of the sulphate at 25—-30° and the mixture was stirred for 2 hours with the addition of water 
(20 c.c.) to facilitate diazotisation. Some unchanged amine sulphate was removed by filtration and 
copper powder (5 g.) was added to the thick red filtrate. Nitrogen was evolved and the reaction was 
completed by warming on the water-bath for 15 minutes. The reaction mixture was made alkaline by 
addition of aqueous sodium carbonate and extracted with ether. After distillation of the ether, dioxan, 
and amy] alcohol, a red oil remained, which on distillation gave two main fractions: (i) a pale yellow 
oil, b. p. 90—120°/10-* mm. (0-4 g.), and (ii) a thick yellow oil, b. p. 130—150°/10-* mm. (1-5 g.). 
Picric acid (0-5 g.) in alcohol was added to the first fraction, and a mixture of two picrates separated 
which was purified by fractional crystallisation from alcohol. The two picrates were obtained in ap- 
proximately equal quantities. The picrate of 7: 8-dihydro-5: 6-benzoquinoline separated from 
alcohol in yellow needles, m. p. 204—205° (Found: C, 55-85; H, 3-3. C,,;H,,N,C,H,O,N, requires 
C, 55-6; H, 3-4%). The second picrate, which separated from benzene-light petroleum (b. p. 60—80*) 
in yellow plates, m. p. 125—125-5°, was considered to be 2-2’-phenylethylpyridine picrate (Found: 
C, 55-0; H, 4-0. Calc. for C,;H,,N,C,H,O,N,: C, 55-4; H, 39%). Bergstrom, Norton, and Seibert 
(J. Org. Chem., 1945, 10, 454) give m. p. 125-5—127° for this picrate. The second fraction solidified when 
scratched with light petroleum (b. p. 40—60°) and crystallisation from light petroleum (b. p. 60—80°) 
gave 2-(2-o-hydroxyphenylethyl)pyridine in colourless needles, m. p. 91—92° (Found: C, 78-4; H, 6-7. 
Calc. for C,,H,,ON: C, 78:35; H, 66%). Chiang and Hartung (J. Org. Chem., 1945, 10, 21) give 
m. p. 92—93° for this compound. The picrate separated from benzene in needles, m. p. 147—148° 
{Found : C, 53-5; H, 3-9. C,3H,;ON,C,H,O,N, requires C, 53-3; H, 3-8%). 

Conversion of 2-(2-0-Nitrosoacetamidophenylethyl)pyridine into 7 : 8-Dihydro-5 : 6-benzoquinoline (XI). 
—/(a) A solution of nitrosyl chloride (0-65 g.) in acetic anhydride (2-4 c.c.) was added at 0° dropwise to a 
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stirred mixture of 2-(2-0-acetamidophenylethy]) pyridine (1-2 g.) in acetic acid (15 c.c.) and acetic anhydride 
(5 c.c.) containing freshly fused potassium acetate (1-2 g.) and phosphoric oxide (0-5 g.). After 
10 minutes the mixture was poured into ice-water, and the solution made alkaline by addition of 
aqueous sodium carbonate. e solution was extracted with ether, and the extract dried (Na,SO,). 
The red gum obtained on removal of the solvent was dissolved in benzene and warmed on the water- 
bath for 2 hours, after which the benzene was removed under reduced pressure. The residual gum 
(0-47 g.), which could not be induced to crystallise, was dissolved in benzene and added to picric acid 
(0-5 g.) in benzene. The resulting ; sents was purified by further a gee a og and 7 : 8-dihydro- 
5 : 6-benzoquinoline picrate separated in long yellow needles; m. p. and mixed m. p. with the product 

repared above, 205—206°. (b) py ve ae ne Cy (6 g.) was heated with acetic 
anhydride (20 c.c.) for 15 hours on a boiling water-bath. e diacetyl derivative, which formed, was 
not isolated, but fused potassium acetate (8 g.) and phosphoric oxide (1 g.) were added directly to the 
solution at 0°, followed by a nitrosyl chloride solution (16 c.c. of 25% w/v in acetic anhydride) added 
dropwise with stirring. e reaction mixture was kept for } hour and was then poured on a suspension 
of sodium carbonate (60 g., anhydrous) in crushed ice and water (100 g.) with vigorous stirring. The 
solution was extracted with benzene (350 c.c.), which was subsequently shaken with aqueous sodium 
carbonate solution. The dried benzene extract was heated under reflux for 1 hour, after which the 
reaction was complete. The benzene was removed under reduced pressure and the residual red gum 
was extracted with ether, shaken with aqueous sodium carbonate, and dried (CaCl,). The red oil which 
remained after removal of the ether gave two fractions on vacuum distillation: (i) b. p. 
94—108°/4 x 10-* mm. (1-75 g.), and (ii) b. p. 140—142°/1 x 10* mm. (1-3 g.). A portion of the 
first fraction gave a picrate which separated from alcohol in long yellow glistening needles, m. p. and 
mixed m. p. with 7 : 8-dihydro-5 : 6-benzoquinoline picrate 204—207°. The remainder of the first 
fraction was redistilled twice (b. p. 80—85°/4 x 10 mm. and b. p. 112—114°/1-6 x 10 mm.) to give 
7: 8-dihydro-5 : 6-benzoquinoline as a pale yellow mobile oil (Found : C, 85-6; H, 6-3. C,,H,,N requires 
C, 86-1; H, 61%). e second fraction, a red viscous oil, could not be induced to crystallise, but 
a portion was converted into the picrate, which separated from alcohol in yellow needles, m. p. and 
mixed m. p. with 2-(2-0-acetamidophenylethyl)pyridine picrate 159—160°. A second portion of the 
second fraction was boiled under reflux with 20% sulphuric acid for 2 hours. The solution was made 
alkaline, and ether extracted 2-(2-o-aminophenylethyl)pyridine, m. p. and mixed m. p. 58—59°, in 
colourless needles from light petroleum (b. p. 40—60°). 

5 : 6-Benzoquinoline (X) —7 : 8-Dihydro-5 : 6-benzoquinoline picrate (0-75 g.) was decomposed with 
aqueous sodium hydroxide, and the free base was extracted with ether. The base was heated with 
selenium powder (1 g.) at 300° for 5 hours. A crystalline deposit of 5 : 6-benzoquinoline formed on the 
side of the tube after a short time. The reaction mixture was extracted with light petroleum (b. p. 
40—60°), from which 5 : 6-benzoquinoline (0-25 g.) separated in colourless plates, m. p. and mixed m. p. 
with an authentic specimen 90—91°. 

Decomposition of 1-0-(2-2’-Pyridylethyl)phenyl-3 : 3-dimethyliriazen (IX).—A solution of 2-(2-0- 


ee ne (6 g.) in concentrated hydrochloric acid (15 c.c.) and water (20 c.c.) was 


diazotised at 0° with a solution of sodium nitrite (2-5 g.) in water (20 c.c.). The diazonium chloride 
solution was added at 0° to a solution of dimethylamine (4-8 g.; 33% w/v in water) and sodium carbonate 
(10 g., anhydrous) in water (150 c.c.) with vigorous stirring. The oil which separated was extracted 
with ether and dried (CaCl,). The triazen (6 g.) was collected at 165—167°/7 x 10 mm. as a pale 

ellow oil. It was dissolved in benzene (100 c.c.), and dry hydrogen chloride was passed through the 
boiling solution until no more nitrogen was evolved. The black tarry solution was shaken with aqueous 
sodium hydroxide, and the benzene extract was dried. Removal of the solvent left a black viscous oil, 
which was collected at 105—115°/8 x 10-3 mm. asa pale yellow oil. The base was converted in alcoholic 
solution into the picrate, which separated in orange-yellow crystals (5-5 g.), m. p. 130—134°. Further 
crystallisation from benzene gave 2-(2-0-chlorophenylethyl)pyridine picrate, m. p. 134—135° (Found : 
C, 51-2; H, 3-2. C,;H,,NCI,C,H,O,N, requires C, 51-1; H, 3-4%). 

Action of Aqueous Sodium Hydroxide on the Diazonium Sulp prepared from 2-(2-0-Aminophenyl- 
ethyl)pyridine.—A solution of sodium nitrite (2 g.) in water (20 c.c.) was added dropwise at 0° to 
te acme ga bs gunna (5 g.) in concentrated sulphuric acid (3-5 g.) and water (40 c.c.). The 
diazonium sulphate solution was stirred for 20 minutes at 0° and aqueous sodium hydroxide was added 
until the mixture was just alkaline. Nitrogen was evolved and a tar which separated gradually dissolved 
to give a deep red solution. Stirring was continued at room temperature for 15 hours. The dark mixture 
was extracted with ether and distillation of the extract gave 2-(2-0-hydroxyphenylethyl)pyridine as a 
pale yellow viscous oil (1-9 g.), b. p. 140—145°/7 x 10 mm., which gradually solidified. Crystallisation 
from light petroleum (b. p. 60—80°) afforded colourless needles, m. p. 91—92°. 

Nitrosation of NN-Diacetylaniline.—A solution of nitrosyl chloride (0-65 g. of 25% w/v acetic acid 
solution) was added dropwise at 0° to a mixture of diacetylaniline (1-7 g.) in acetic anhydride (5 c.c.) and 
acetic acid (5 c.c.) containing anhydrous sodium acetate (1-4 g.) and phosphoric oxide (0-25 g.). 
After 0-5 hour the mixture was poured into ice-cold water, and aqueous sodium carbonate was 
added to the clear. yellow solution. The alkaline solution was ether-extracted, and removal of the 
solvent under reduced pressure gave a solid residue which was dissolved in benzene and warmed on the 
water-bath. The benzene was removed and the resulting gum was distilled with steam. Extraction 
of the aqueous distillate with ether afforded a residue which on crystallisation from light petroleum 
(b. p. 40—60°) gave acetanilide, m. p. and mixed m. p. 114°. Further concentration of the mother- 
liquor gave a small quantity of diphenyl, m. p. and mixed m. p. 70°. 
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666. Internuclear Cyclisation. Part II. The Application of the Pschorr 


Reaction to Some Substituted Derivatives of 0-Amino-«-phenylcinnamic 


Acid. 
By D. H. Hey and Joun M. OsBonp. 


The Pschorr reaction has been carried out on a number of 0-amino-a-phenylcinnamic acids with 
deactivating groups in the a-pheny] nucleus to afford the corr nding phenanthrene derivatives. 
These reactions, together with other examples already descri in the literature, suggest that 
the facility of the internuclear cyclisation is not dependent to any appreciable extent on either 
the nature or the position of a substituent group in the a-phenyl nucleus. It is suggested that 
this behaviour, coupled with the results described in Part I, is characteristic of a free-radical 
mechanism. 


Ir has been demonstrated (Part I, preceding paper) that it is possible to convert 2-2’-0-amino- 
phenylethylpyridine in aqueous or in aqueous-dioxan solution by the Pschorr procedure using 
copper powder into 5: 6-benzoquinoline and 7 : 8-dihydro-5 : 6-benzoquinoline, respectively, 
Since it is well known that the pyridine ring is normally highly resistant to cationoid attack 
under mild experimental conditions, it was considered to be of interest to review previous examples 
of the synthesis of phenanthrene derivatives by means of the Pschorr reaction in which the 
internuclear cyclisation had involved a benzene ring containing a deactivating group such as 
NO,, CN, or CO,H. From a recorded total of over 120 reactions carried out with derivatives of 
o-amino-a-phenylcinnamic acid, only two examples appear to have been recorded in which the 
a-phenyl nucleus contains a deactivating (m-directing) group. Thus, 2-amino-3 : 4-dimethoxy- 
«-o-carboxyphenylcinnamic acid (I; R = OMe) and 2-amino-a-o-carboxyphenylcinnamic acid 
(I; R= H) were each converted into the corresponding phenanthrenedicarboxylic acids in 
75% and 40—45% yield, respectively (Pschorr and Tappen, Ber., 1906, 39, 3115). Cyclisation 
in good yields (60—-80%) has also been achieved with o-amino-a-phenylcinnamic acids containing 
chlorine or bromine in the 2-, 3-, and 4-positions of the «-phenyl ring (II) (Pschorr, Schutz, and 
Popovici, Ber., 1906, 39, 3117; Barber and Stickings, J., 1945, 167; Berger, J. pr. Chem., 1932, 
133, 331; Nylen, Ber., 1920, 58, 158; Pschorr, Annalen, 1912, 391, 40; May and Mosettig, 
J. Org. Chem., 1946, 11, 631; May, J. Amer. Chem. Soc., 1947, 69, 717). 
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In these examples the internuclear cyclisation thus appears to proceed with equal ease 
irrespective of the nature and position of the substituent group in the a-phenyl nucleus (i.¢., 
0-, m-, or p- to the position at which ring closure takes place). In this respect it should be noted 
that in a similar manner o-aminobenzophenones have been converted into derivatives of 
fluorenone (Ullmann and Mallet, Ber., 1898, 31, 1694; Ullmann and Bleier, Ber., 1902, 35, 4273), 
which method has been of considerable preparative value (Miller and Bachman, J. Amer. Chem. 
Soc., 1935, 57, 2443; Huntress, Pfister, and Pfister, ibid., 1942, 64, 2845). The independence 
of the cyclisation reaction on the position of substituent groups in the phenyl nucleus is also 
evident in reactions involving an a-phenyl nucleus substituted with activating groups such as 
OMe, NH,, CH;, etc. For instance, the acids (III; R, = OMe, R, = R, = R, = H, and 
R, = OMe, R, = R, = R, = H) gave the corresponding phenanthrene-9-carboxylic acid in 
55% and 50% yield, respectively (Pschorr, Wolfes, and Buckow, Ber., 1900, 33, 162), whilst the 
acid (III; R, = Ry = OMe, R, = R; = H) gave a mixture of the two isomeric phenanthrene-9- 
carboxylic acids in a total yield of 63% (Rapson and Robinson, J., 1935, 1533). Similarly, the 
lactam (3-o-aminobenzylideneoxindole) from the acid (III; R, = NH,, R, = R, = R, = H) 
underwent ring-closure in 75% yield to give the lactam of 1-aminophenanthrene-10-carboxylic 
acid (Pschorr and Popovici, Ber., 1906, 39, 3120). Further examples could be given from 
the literature where the nature and position of the substituent atom or group would seem 
to have little influence on the course of the reaction, except, of course, where steric hindrance 
is encountered, as in the attempted synthesis by this method of 4: 5-dialkylphenanthrenes 





[1949] Internuclear Cyclisation. Part II. 3173 


(Haworth and Sheldrick, J., 1934, 1950; Lewis and Elderfield, J. Org. Chem., 1940, 5, 291). 
Mention may also be made of the formation of both 1 : 2-benz-4-anthroic acid and 3: 4- 
penz-l-phenanthroic acid from (IV) (Weitzenbock and Lieb, Monatsh., 1912, 33, 564; Mayer 
and Oppenheimer, Ber., 1918, 51, 510; Cook, J., 1931, 2524), in which internuclear cyclisation 
takes places at the 6-position as well as at the more reactive a-position of the naphthalene ring. 
Further, in the recent application of the Pschorr procedure to the a- and $-naphthy]l esters of 
aniline-o-sulphonic acid Schetty (Helv. Chim. Acta, 1949, 32, 24) has indicated that ring closure 
appears to take place in both cases at two points in the naphthalene nucleus. More recently, 
Cook and Stephenson (this vol., p. 842) have shown that in the application of the Pschorr re- 
action to o-amino-«-2-fluorenylcinnamic acid cyclisation took place exclusively at the 1-position, 
which is known to be the less active position with regard to cationoid substitution (cf. Koelsch, 
J. Amer. Chem. Soc., 1933, 55, 3885). 

Attempts have now been made to apply the normal Pschorr procedure to substituted 
o-amino-a-phenylcinnamic acids containing a nitro-, cyano-, or carboxyl group in various 
positions in the a-phenyl nucleus. It was considered that, if such reactions could be carried out 
successfully, further support would be given to the hypothesis that the decomposition of the 
diazonium salts with copper powder in these reactions involves the transient formation of a free 
aryl radical by a mechanism not dissimilar to that suggested for the Sandmeyer or the Gattermann 
reactions by Waters (J., 1942, 266). In these reactions, however, the amino-group is normally 
replaced by a halogen atom with diaryls and polyaryls as by-products, especially when the phenyl 
ring contains nitro-groups (Ullmann e¢ al., Ber., 1901, 34, 3802; 1905, 38, 725), whereas in the 
Pschorr reaction the union of two nuclei is the main reaction and the halogen replacement reaction 
results only when ring closure is not effected (cf. Part I). 

2: 2’-Dinitro-a-phenylcinnamic acid (V; R, = R, = NO,), prepared by condensation of 
o-nitrobenzaldehyde with sodium o-nitrophenylacetate (Pschorr and Popovici, Ber., 1906, 39, 
3120), was reduced with some difficulty with alcoholic ammonium sulphide to a nitro-amine, 
which was considered to be 0-amino-a-(o-nitrophenyl)cinnamic acid (V; R, = NH, R, = NO,) 
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tather than its isomer (V; R, = NO,, R, = NH,), because treatment with acetic anhydride and 
zinc chloride gave 3-(o-nitrophenyl)carbostyril (V1) (m. p. 301—301-5°) and not o-nitrobenzylidene- 
oxindole (VIII; R, = NO,, R, = H) (m. p. 225°; Kirchner, Nach. Ges. Wiss. Géttingen, 
Math. Phys. Kl., 1921, 154). 0-Acetamido-a-(o-nitrophenyl)cinnamic acid (V; R, = NHAc, 
R, = NO,) was prepared by acetylation of the amino-acid at room temperature. o-Amino- 
a-(o-nitrophenyl)cinnamic acid (V; R, = NH,, R, = NO,) was diazotised in dilute acid solution 
and the diazonium solution was decomposed in 30 minutes by the addition of copper powder and 
warming. From the reaction mixture both 1-nitrophenanthrene-10-carboxylic acid (VII) in 
24% yield and o-hydroxy-a-(o-nitrophenyl)cinnamic acid (V; R, = OH, R, = NO,) were isolated. 
When, however, the diazonium chloride of o-amino-«-(o-nitrophenyl)cinnamic acid (V; R, = 
N,Cl, R, = NO,), prepared by addition of amy] nitrite to an alcoholic hydrogen chloride solution 
of the base (V; R, = NH,, R, = NO,), was decomposed under dry acetone by addition of 
copper powder, a smooth but vigorous reaction occurred at room temperature to give 1-nitro- 
phenanthrene-10-carboxylic acid (VII) in 57% yield. This modification, previously described 
in Part I, was therefore superior in this instance to the normal Pschorr procedure in giving a 
cleaner product in better yield. 1-Nitrophenanthrene-10-carboxylic acid (VII) was 
decarboxylated smoothly by heating in quinoline solution in the presence of copper and copper 
chromite to give the hitherto unknown 1-nitrophenanthrene. 

An attempt was made to prepare o-amino-a-(p-nitrophenyl)cinnamic acid (IX; R, = NH,, 
R, = NO,) by mono-reduction of o-nitro-«-(p-nitrophenyl)cinnamic acid (IX; R, = R, = NO,) 
(Ruggliand Dinger, Helv. Chim. Acta, 1941, 24,173). Reduction of the dinitro-acid with sodium 
polysulphide or alcoholic ammonium sulphide, however, gave a nitro-amine which proved to be 
o-nitro-a-(p-aminophenyl)cinnamic acid (IX; R, = NO,, R, = NH,), because it gave a mono- 
acetyl derivative (IX; R, = NO,, R, = NHAc) when acetylated both at room temperature and 
on boiling under reflux with acetic anhydride, whereas a compound with the alternative 
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formulation (IX; R, = NH,, R, = NO,) should give 3-(p-nitrophenyl)carbostyril when boiled 
with acetic anhydride. Further, the application of a Sandmeyer reaction to (IX; R, = NO,, 

R, = NH,), using cuprous chloride, gave a chloro-compound, m. p. 143—145°, which is ‘Tegarded 
as trans-o-nitro-a-(p-chlorophenyl)cinnamic acid, m. p. 145° (IX; R, = NO,, R, = Cl) (Nylen, 
loc. cit.). It would appear, therefore, that cis-o-nitro-a-(p-aminophenyl)cinnamic acid (cf. Ruggli 
and Dinger, /oc. cit.) has been converted during the Sandmeyer reaction into trans-o-nitro-x-(p- 
chlorophenyl)cinnamic acid. If the nitro-amine were o-amino-«-(p-nitrophenyl)cinnamic acid 
(IX; R, = NH,, R, = NO,) replacement of the amino-group by chlorine would give o-chloro- 
a-(p-nitrophenyl)cinnamic acid (IX; R, = Cl, R, = NO,), which compound was prepared for 
purposes of comparison by condensation of o-chlorobenzaldehyde with sodium -nitrophenyl- 
acetate. o-Nitro-«-(p-chlorophenyl)cinnamic acid (IX; R, = NO,, R, = Cl) was also isolated 
from the decomposition of the diazonium salt of the base (IX; R, = NO,, R, = NH,) under 
acetone in the pty of copper powder, indicating that the amine was (IX; R, = NO,, 
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R, = NH,) and not (IX; R, = NH,, R, = NO,), since the latter would have given under these 
conditions the corresponding nitrophenanthrene. The failure to obtain o-amino-«-(p-nitro- 
phenyl)cinnamic acid (IX; R, = NH,, R, = NO,) led to an attempt to prepare p-nitro-x-(0- 
aminophenyl)cinnamic acid by ring fission of p-nitrobenzylideneoxindole (VIII; R, =H, 
R, = NO,) with barium hydroxide solution (Windaus, Eickel, Jensen, and Schramme, Ber., 
1924, 57, 1871, 1875) although it was realised that this nitro-amine, in which the o-aminophenyl 
group is attached to the a-carbon atom, would not lend itself to easy ring closure, since Mayer 
and Balle (Annalen, 1914, 403, 167) obtained low yields of 3-methylphenanthrene-10-carboxylic 
acid from a-(2-amino-4-methylphenyl)cinnamic acid; a similar experience is reported by May 
and Mosettig (J. Org. Chem., 1946, 11, 435). -Nitrobenzylideneoxindole (VIII; R, =H, 
R, = NO,), first prepared by Neber and Rocker (Ber., 1923, 56, 1710), was obtained by heating 
p-nitrobenzaldehyde with oxindole at 125—130° (cf. Klieg] and Schmalenbach, Ber., 1923, 56, 
1517), but was found to be resistant to hydrolysis and attempts to obtain the nitro-amine were 
unsuccessful. May and Mosettig (loc. cit.) report that p-chlorobenzylideneoxindole (VIII; 
R, = H, R, = Cl) is also very resistant to hydrolysis. 

Since the attempts to prepare o-amino-x-p-nitrophenylcinnamic acid were unsuccessful 
attention was directed to the corresponding 0-amino-a-p-cyanophenylcinnamic acid. The 
corresponding nitro-acid (IX; R, = NO,, R, = CN) was obtained by the condensation of 
o-nitrobenzaldehyde with sodium ~-cyanophenylacetate in acetic anhydride with zinc chloride 
at 70° for 15 hours. Heating for 45 hours at 110°, or on a boiling water-bath for 15 hours, gave a 
mixture of the cyano-acid and o-nitro-«-(p-carboxyphenyl)cinnamic acid (IX; R, = NO,, 
R, = CO,H). o-Amino-a-p-cyanophenylcinnamic acid (IX; R, = NH,, R, = CN), obtained by 
reduction of the nitro-acid with ferrous sulphate and ammonia, was diazotised i in dilute sulphuric 
acid solution and the warm diazonium salt was decomposed by the addition of copper to give 
3-cyanophenanthrene-10-carboxylic acid (X)in 58% yield. o-Nitro-«-(p-carboxypheny])cinnamic 
acid (IX; R, = NO,, R, = CO,H), which was obtained as a by-product owing to the hydrolysis 
of o-nitro-«-(p-cyanophenyl)cinnamic acid (IX; R, = NO,, R, = CN) at the higher temperature, 
was also reduced with ferrous sulphate and ammonia to 0-amino-a-(p-carboxyphenyl)cinnamic 
acid (IX; R, = NH,, R, = CO,H). The amino-acid was diazotised in dilute sulphuric acid 
and the diazonium salt was decomposed with copper powder to yield phenanthrene-3 : 10-di- 
carboxylic acid (XI) in 48% yield. This acid proved to be insoluble in benzene, toluene, alcohol, 
ether, and acetone, and was only sparingly soluble in boiling acetic acid. It was finally crystal- 
lised from nitrobenzene or tetralin and melted at 318°. A phenanthrene-dicarboxylic acid of 
unknown constitution having these properties has been described by Scheidt (Ber., 1938, 71, 1248). 
The diethyl ester of (XI) was prepared in low yield by boiling the acid under reflux in ethyl 
alcohol containing sulphuric acid. 

EXPERIMENTAL. 


o-Amino-a-(0-nitrophenyl)cinnamic Acid (V; R, = NH,, R, = NO,).—Hydrogen sulphide was 
bubbled into a solution of the dinitro-acid (10-2 g. ; Pschorr and Popovici, Ber., 1906, 39, 3120) in alcohol 
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(20 c.c.) and aqueous ammonia (15 c.c.; d@ 0-880) for 4 hours, the solution being alternately cooled to 0° 
and then heated to boiling point for a shorttime. Water was then added, and the excess of ammonia and 
hydrogen sulphide expelled by boiling. The solution was cooled, and the precipitated sulphur removed 
by filtration. The filtrate was made acid with acetic acid and the precipitated amino-acid was collected 
and dissolved in dilute aqueous ammonia. The filtered alkaline solution was made just acid with acetic 
acid, and crystallisation of the yellow solid from alcohol gave 0-amino-a-(o-nitrophenyl)cinnamic acid 
(5-8 g.) in short yellow shining needles, m. p. 202—203° (Found: C, 63-2; H, 4-5. C,,H,,0,N, requires 
C, 63-4; H, 42%). At temperatures above the m. p. some water is lost with formation of 3-0-nitro- 
phenylcarbostyril (see below). 

The acetyl derivative was obtained by addition of the amino-acid (3-8 g.) to acetic anhydride (10 c.c.) 
and concentrated sulphuric acid (2 drops). After this had been kept at room temperature for 2 days, water 
was added and the yellow solid was collected and crystallised from glacial acetic acid, in which it was 
sparingly soluble. 0-Acetamido-a-(o-nitrophenyl)cinnamic acid separated in fine yellow needles, m. p. 
254° (Found : C, 62-8; H, 4-7. C,,H,,0,N, requires C, 62-6; H, 4:3%). 

3-0-Nitrophenylcarbostyril (V1).—o-Amino-a-(o-nitrophenyl)cinnamic acid (0-15 g.), acetic anhydride 
(10 c.c.), and zinc chloride (1 g.) were heated on the water-bath for 12 hours. The small hard yellow 
crystals which separated were collected, and crystallisation from acetic acid gave 3-0-nitrophenylcarbo- 
styril in yellow needles, m. p. 301—301-5° (Found: C, 67-1; H, 3-9. C,;H,O,N, requires C, 67-6; H, 
38%). 

+P ivstrophenenthrens-10-carbonylie Acid (VII).—(a) A solution of o-amino-a-(o-nitropheny])cinnamic 
acid (1-75 g.) in aqueous sodium carbonate [1 g. (hydrated) in 10 c.c.] was cooled to 0° and a solution of 
sodium nitrite (0-5 g.) in water (5 c.c.) was added. The yellow solution was then added dropwise to a 
mixture of concentrated sulphuric acid (7 c.c.) and water (20 c.c.) at 0°, and the whole was set 
aside for 15 minutes. Copper powder (1 g.) was added to the diazonium sulphate solution, and the 
mixture warmed on the water-bath. Nitrogen was slowly evolved and the reaction was complete after 
30 minutes. The precipitate was collected and dissolved in dilute aqueous ammonia. The filtered 
alkaline solution afforded on acidification a gum, which was dissolved in ether, and washed with water 
and with aqueous sodium hydroxide. Reacidification of the alkaline extract gave a brown solid which 
on crystallisation from acetic acid gave 1l-nitrophenanthrene-10-carboxylic acid (0-45 g.) in long buff 
shining needles, m. p. 231—232° (Found: C, 67-15; H, 3-5. C,,;H,O,N requires C, 67-4; H, 3-4%). 
From the mother-liquor a second solid (0-2 g.) was obtained, which after several recrystallisations from 
aqueous acetic acid afforded o-hydroxy-a-(o-nitrophenyl)cinnamic acid in small hard yellow crystals, m. p. 
195—196° (Found : C, 63-8; H, 3-9. C,,H,,0O,N requires C, 63-2; H,4-0%). (b) Dry me ow chloride 
was passed through a solution of o-amino-a-(o-nitrophenyl)cinnamic acid (0-65 g.) in ethyl alcohol (20 c.c.). 
The solution was cooled to 0° and amy] nitrite (1 c.c.) was added in 2 portions. After this had been kept 
at 0° for 10 minutes, ether (200 c.c.) was added to precipitate the diazonium chloride, which was collected 
on a sintered-glass funnel and washed in turn with etherand AnalaR acetone. The diazonium chloride was 
covered with dry acetone at room temperature. Since no reaction appeared to take place, after 20 
minutes copper powder (0-4 g.) was added. An immediate reaction set in with evolution of nitrogen, and 
the insoluble diazonium salt rapidly disappeared to give a clear red solution. After removal of the 
copper by filtration the acetone was distilled off and the dark solid residue was crystallised from glacial 
acetic acid (charcoal). 1-Nitrophenanthrene-10-carboxylic acid separated in fine long needles (0-35 g.), 
m. p. 230°, both alone and on admixture with the acid prepared by method (a) above. 

1-Nitrophenanthrene.—1-Nitrophenanthrene-10-carboxylic acid (0-35 g.) was heated with quinoline 
(10 c.c.) under reflux in the presence of a small quantity of copper chromite and copper powder for 15 
minutes. The mixture was poured on ice and concentrated hydrochloric acid, and the precipitate was 
collected and washed with aqueous sodium carbonate. Crystallisation from ethanol, after filtration from 
the copper, gave 1-nitrophenanthrene in slender yellow needles or plates (0-17 g.), m. p. 133° (Found: 
C, 74-9; H, 4:2. C,,H,O,N requires C, 75-3; H, 4:1%). 

o-Nitro-a-(p-aminophenyl)cinnamic Acid (IX; R, = NO,, R, = NH,).—(a) To a boiling solution 
of the dinitro-acid (4-4 g.; Ruggli and Dinger, Joc. cit.) in water (250 c.c.) and aqueous ammonia (I c.c. ; 
d 0-880) a solution of sodium sulphide (6-5 g.) and sulphur (1-6 g.) in warm water (25 c.c.) was added 
dropwise during 20 minutes. After the addition the mixture was boiled for a further 20 minutes, during 
which it became deep red and sulphur was deposited. The solution was filtered whilst hot, and the 
filtrate acidified with dilute acetic acid. The crude red solid was collected and digested with a large 
volume of dilute hydrochloric acid and a small amount of sulphur was removed. The filtered solution 
was made just alkaline with dilute aqueous ammonia, concentrated to 750 c.c., and made acid with dilute 
acetic acid. Crystallisation of the orange-red precipitate from ethyl alcohol (400 c.c.) gave ee 
aminophenyl)cinnamic acid monohydrate (2-4 g.) in eet er needles, m. p. 186—187° (Found : 


C, 59-5; H, 4-7. C,,;H,,0,N,,H,O requires C, 59-6; H, 4-7%). (6) The dinitro-acid (4 g.), dissolved in 


alcohol (20 c.c.) and concentrated ammonia (10 c.c., d 0-880), was saturated at 0° with hydrogen sulphide. 
The solution was then heated until the excess of ammonia and hydrogen sulphide had been expelled. 
The sulphur was removed, and the filtrate acidified with glacial acetic acid. The precipitated solid was 
collected, dried, and crystallised from absolute ethyl alcohol to give hard red crystals (1-5 g.), m. p. 190— 
195°. Recrystallisation from absolute ethyl alcohol gave o-nitro-a-(p-aminophenyl)cinnamic acid, m. p. 


194—-195°, in orange-red crystals after drying at 120 
C, 63-4; H, 4-25%). 

0-Nitro-a-(p-acetamidophenyl)cinnamic Acid.—The above nitro-amine (0-3 g.) (or the monohydrate) 
was warmed on the water-bath with a mixture of glacial acetic acid (10 c.c.), acetic anhydride (3 c.c.), and 
a drop of concentrated sulphuric acid until a clear solution was obtajned, then set aside overnight; water 
was added and the precipitated whitish-yellow solid was crystallised from aqueous alcohol (charcoal). 
0-Nitro-a-(p-acetamidophenyl)cinnamic acid was obtained in short, stout, colourless needles, m. p. 201° 
(Found: C, 62-4; H, 4-4. C,,H,,0,N, requires C, 62-6; H, 43%). The same acetyl derivative was 
obtained when the amino-acid (0-75 g.) was heated on the water-bath with acetic anhydride (10 c.c.) 
containing two drops of concentrated sulphuric acid. 


(Found: C, 63-3; H, 4:4. C,,;H,,0O,N, requires 
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o-Nitro-a-(p-chlorophenyl)cinnamic Acid (IX; R, = NO,, R, = Cl).—(a) A solution of o-nitro-a-(p. 
aminophenyl)cinnamic acid (2-0 g.) in concentrated hydrochloric acid (3-5 g.) and water 5 c.c.) was 
diazotised at 0° by addition of a solution of sodium nitrite (0-7 g.) in water (5c.c.). The diazonium salt 
separated as a yellow crystalline deposit. To this was added a solution of cuprous chloride, prepared by 
addition of sodium sulphite (1-35 g.) and sodium hydroxide (0-8 g.) in water (2 c.c.) to copper sulphate 
hydrate (6-25 g.) and sodium chloride (1-1 g.) in water (4 c.c.) with stirring, in concentrated hydrochloric 
acid. The reaction mixturewas heated on the water-bath; the cuprous chloride complex slowly 
decomposed to give a dark oil. The heating was continued until no more nitrogen was evolved. The oil 
was extracted with ether and shaken with aqueous sodium carbonate. When the alkaline layer was 
acidified an oily solid separated, from which two compounds were obtained by crystallisation from 
ether-light petroleum (b. p. 40—60°). The major product, which separated from aqueous alcohol in 
long colourless feathery needles, m. p. 143—145°, was considered to be trans-o-nitro-a-(p-chloropheny])- 
cinnamic acid (Nylen, loc. cit., gives m. p. 146° for the ¢vans-isomer and m. p. 186° for the cis-isomer) 
(Found: C, 59-7; H, 3-3. Calc. for C,,H,;,O,NC1: C, 59-3; H, 3-3%). The second product, obtained 
in only very small yield, separated from dilute acetic acid in brownish, short rods, m. p. 186—186-5°, and 
was not identified (Found: C, 62-1; H, 3-9%). 

(b) Dry hydrogen chloride was passed through a warm solution of the nitro-amine (0-7 g.) in alcohol 
(20 c.c.) for 10 minutes, after which the solution was cooled to 0° and isoamyl nitrite (1 c.c.) was added. 
Then, after 15 minutes, dry ether was added and the precipitated diazonium salt was washed with ether 
and acetone and placed under dry acetone (20 c.c.). On addition of copper powder (1 g.), the 
insoluble diazonium salt passed into solution with the evolution of nitrogen. The solid obtained 
after evaporation of the acetone was crystallised from aqueous alcohol and then from benzene-light 
petroleum (b. p. 60—80°) to give trans-o-nitro-a-(p-chlorophenyl)cinnamic acid, which separated in 
colourless leaves, m. p. 138—140°. 

o-Chloro-a-(p-nitrophenyl)cinnamic Acid (IX; R, = Cl, R, = NO,).—Sodium p-nitrophenylacetate 
(6-1 g.) and o-chlorobenzaldehyde (4-2 g.) were heated with acetic anhydride (15 c.c.) in an oil-bath at 
100—130° for 9 hours. The mixture was distilled with steam and the residual non-volatile oil was 
extracted with hot aqueousammonia. Acidification of the filtered solution gave o-chloro-a-(p-nitrophenyl)- 
cinnamic acid, which separated from aqueous alcohol in short yellow needles, m. p. 213—215°, in rosette 
clusters (Found: C, 59-8; H, 3-3. C,,H,.O,NCl requires C, 59-3; H, 3-3%). 

p-Nitrobenzylideneoxindole (VIII; R, = H; R, = NO,).—Oxindole (1 g.) and p-nitrobenzaldehyde 
(1 g.) were heated together in an oil-bath at 125—130° for 15 minutes. The liquid melt, which soon 
began to eliminate water, became a hard red solid mass. The product was extracted with boiling 
glacial acetic acid, from which the p-nitrobenzylideneoxindole separated in red crystals (1-6 g.), m. p. 
224—-225° (Neber and Rocker, Joc. cit., give m. p. 229°). This oxindole (1-8 g.) and barium hydroxide 
(1-8 g.) in water (25 c.c.) were heated for 5 hours in a sealed tube at 135—140°. After the mixture had 
cooled, a solution of sodium carbonate (5 g.) in water (30 c.c.) was added, and the precipitated barium 
carbonate removed by filtration. Attempts to isolate the pure nitro-amine were unsuccessful. 

o-Nitro-a-(p-cyanophenyl)cinnamic Acid (IX; R, = NO,, R, = CN).—(a) o-Nitrobenzaldehyde 
(3-3 g.) and sodium p-cyanophenylacetate (4 g.; dried at 110°) (Jaeger and Robinson, /., 1941, 744) were 
heated in acetic anhydride (35 c.c.) with freshly fused zinc chloride (0-5 g.) at 70° for 15 hours. The red 
mixture was poured into water (500 c.c.) and warmed to destroy excess of acetic anhydride. The crude 
acid was dissolved in warm aqueous sodium carbonate. Acidification of the filtered alkaline solution gave 
a yellow flocculent precipitate which was collected and crystallised from benzene. 0-Nitro-a-(p-cyano- 
phenyl)cinnamic acid (1-7 g.) was obtained in colourless needles, m. p. 171—172° (Found: C, 65-7; H, 
C,.H,,O,N, requires C, 65-3; H, 37%). (b) o-Nitrobenzaldehyde (3-3 g.) and sodium p-cyano- 
phenylacetate (4-0 g.) were heated in acetic anhydride (35 c.c.) with freshly fused zinc chloride (0-5 gz.) on 
a boiling water-bath for 24 hours. The reaction product was worked up as described above. A mixture 
of two acids was obtained. The more soluble acid was o-nitro-a-(p-cyanophenyl)cinnamic acid, m. p. and 
mixed m. p. 168—169°, and the less soluble acid, which separated from glacial acetic acid in pale yellow 
shining needles, m. p. 247—249°, proved to be o-nitro-a-(p-carboxyphenyl)cinnamic acid (Found: C, 61-2; 
H, 3-8. C,,H,,0,N requires C, 61-3; H, 3-5%). When the above reaction was carried out at 110° for 
45 hours the dicarboxylic acid was the main product. . 
o-Amino-a-(p-cyanophenyl)cinnamic Acid (IX; R, = NH,, R, = CN).—A solution of o-nitro-a-(p-cyano- 
phenyl)cinnamic acid (1-7 g.) in dilute aqueous ammonia was atided dropwise, with mechanical stirring, 
to a boiling solution of ferrous sulphate hydrate (18 g.) in water (60 c.c.). The mixture was heated fora 
further 15 minutes with the addition of concentrated ammonia solution. Acidification of the hot filtered 
solution with glacial acetic acid gave a yellow precipitate which was collected and crystallised from ethyl 
alcohol. o-Amino-a-(p-cyanophenyl)cinnamic acid (0-9 g.) separated in yellow crystals, m. p. 215° 
(decomp.) (Found: C, 72-2; H, 4-7. C,gH,,0,N, requires C, 72-7; H, 46%). 
3-Cyanophenanthrene-10-carboxylic Acid (X).—To a solution of o-amino-a-(p-cyanophenyl)cinnamic 
acid (0-55 g.) in aqueous sodium carbonate (0-35 g., in 10 c.c.) was added a solution of sodium nitrite 
(0-2 g.) in water (10 c.c.). This solution was added dropwise to a mixture of concentrated sulphuric acid 
(2 c.c.) in water (15 c.c.) at 0°. The yellow diazonium solution was decomposed by addition of copper 
powder (0-5 g.) and the reaction was completed by warming on the water-bath for 30 minutes. The 
precipitated solid was collected and dissolved in dilute aqueous ammnoia, and acidification of the filtered 
solution gave a flocculent precipitate. Crystallisation from glacial acetic acid, in which it was only 
sparingly soluble, gave 3-cyanophenanthrene-10-carboxylic acid in colourless short needles (0-3 g.), m. p. 
300° (Found: C, 77-6; H, 3-8. C,,H,O,N requires C, 77-75; H, 3-7%). 
o-Amino-a-(p-carboxyphenyl)cinnamic Acid (IX; R, = NH,, R, = CO,H).—A solution of o-nitro-a- 
(p-carboxylphenyl)cinnamic acid (5 g.) in dilute aqueous ammonia was added slowly to a boiling solution 
of ferrous sulphate hydrate (50 g.) in water (200 c.c.) with mechanical stirring. Concentrated aqueous 
ammonia was then added until the solution became strongly alkaline, and the mixture was heated for a 
further 30 minutes on the water-bath and filtered. Acidification of the filtrate with glacial acetic acid 
gave a yellow precipitate which on crystallisation from aqueous alcohol gave 0-amino-a-(p-carboxyphenyl)- 
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cinnamic acid (3-5 g.) in bright yellow needles, m. p. 215° (Found: C, 67-7; H, 4-7. C,.H,,;0,N requires 
67-8; H, 4-6%). 

. jot M Fon : 10-dicarboxylic Acid (X1I).—A solution of the foregoing acid (2-65 g.) in water (50 c.c.) 
containing sodium carbonate (1-6 g.) and sodium nitrite (0-75 g.) was added dropwise to a mixture of 
concentrated sulphuric acid (4 c.c.) in water (50 c.c.) at 0°. To the resulting clear yellow diazonium 
solution copper powder (1 g.) was added and the solution was warmed on the water-bath for 30 minutes; 
nitrogen was evolved and a white flocculent precipitate separated, which was collected and dissolved in 
aqueous sodium carbonate. Acidification of the filtered alkaline solution precipitated a colourless 
jelly-like mass which was boiled for 3 minutes, cooled, and filtered. The residue was insoluble in alcohol, 
benzene, toluene, acetone, and ether, but was sparingly soluble in boiling glacial acetic acid. Crystal- 
lisation from nitrobenzene gave phenanthrene-3 : 10-dicarboxylic acid (1-2 g.) in flat buff-coloured plates, 
m. p. 318° (Found: C, 72-4; H, 4:3. C,sHO, requires C, 72-2; H, 3-8%). The diethyl ester was 
prepared by boiling the dicarboxylic acid under reflux with ethyl alcohol in the presence of concentrated 
sulphuric acid for6hours. After filtration from unchanged dicarboxylic acid, the filtrate was diluted with 
water and the excess of alcohol removed by distillation. The resulting solid on crystallisation from 
methyl alcohol gave ethyl phenanthrene-3: 10-dicarboxylate in colourless plates, m. p. 221° (Found: C, 
142; H, 5-3. C.9H,,O, requires C, 74:2; H, 5-6%). 
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667. Intramolecular Acylation. Part I. The Ring Closure of 
Some $-Substituted Glutaric Acids. 


By D. H. Hey and D. H. Koun. 


A number of f-arylglutaric acids and acid chlorides are prepared and subjected to the 
action of anhydrous hydrogen fluoride and aluminium chloride respectively in attempts to 
obtain ketonic acids. The two methods frequently give markedly contrasting results. 


INTRAMOLECULAR acylation, as exemplified in the cyclisation of aryl-substituted aliphatic acids 
or acid chlorides with elimination of water or hydrogen chloride, respectively, has frequently 
provided a useful route for the synthesis of polycyclicsystems. By the use of suitably substituted 
dicarboxylic acids cyclisation can sometimes take place in two stages to yield first a ketonic acid 
and then a neutral diketone. In a review of this subject (Johnson, ‘“ Organic Reactions,’ 
Vol. II, Chapter IV, John Wiley and Sons, Inc., New York, 1944) it is shown that the ability of 
such acids to undergo ring closure and the course followed in such ring closures depend on (a) 
the size of the ring formed, (b) the nature of the aromatic nucleus, and (c) steric conditions other 
than those dependent on ring size. In the past the application of this method as a general 
process for the synthesis of polycyclic systems has been limited by the inaccessibility of many 
of the aryl-substituted acids required as starting materials. Developments in the past decade 
have provided not only improved methods for the preparation of such acids, but also new 
methods for cyclisation, with the result that it is now possible to extend this route to polycyclic 
systems in several directions. The present communication concerns the preparation and ring 
closure of a number of $-substituted glutaric acids by means of the action either of anhydrous 
aluminium chloride on the acid chloride or of anhydrous hydrogen fluoride on the free acid. The 
latter process, introduced by Fieser and Hershberg (J. Amer. Chem. Soc., 1939, 61, 1272), was 
first used with a dicarboxylic acid by Newman and Joshel (J. Amer. Chem. Soc., 1940, 62, 972). 

Several general methods for the preparation of 8-arylglutaric acids were investigated, and 
the best results were achieved by the alkaline hydrolysis of ethyl benzylidenebisacetoacetate and 
its derivatives, following the general procedure of Knoevenagel (Amnalen, 1894, 281, 76; 1898, 
303, 223; Ber., 1896, 29, 172; 1902, 35, 392). By this method $-phenylglutaric acid, 6-m-tolyl- 
glutaric acid, and 8-m-nitro-, 8-p-methoxy-, B-m-methoxy-, B-p-nitro-, and 6-3 : 5-dimethyl-phenyl- 
glutaric acid, and 8-1-naphthylglutaric acid were prepared. The aromatic aldehydes required for 
the above syntheses were purchased or prepared by published methods, but m-toluic aldehyde was 
prepared in good yield from m-toluic acid by conversion into the toluene-p-sulphonhydrazide and 
subsequent treatment with sodium carbonate, a method not hitherto used for this aldehyde (cf. 
McFadyen and Stevens, J., 1936, 584). @-Phenylglutaric acid was also prepared by the method 
used by Manske (J. Amer. Chem. Soc., 1931, 58, 1104) from ethyl sodiomalonate and ethyl «-cyano- 
$-phenylacrylate, and a similar method was used for the preparation of 8-m-nitrophenylglutaric 


acid. In the latter case, the final hydrolysis of the intermediate tricarboxylic ester was effected 
9T 
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with concentrated hydrochloric acid in 15 minutes, whereas with the unsubstituted acid pro- 
longed boiling with concentrated hydrobromic acid was necessary. {-Phenylglutaric acid was 
used in a new method for the preparation of y-phenylpimelic acid involving bis-homologation by 
the double Arndt-Eistert procedure first reported by Walker (J., 1940, 1304). The product thus 
obtained was identical with the acid prepared from ethyl 6-phenylglutarate by the more tedioys 
route, via 3-phenylpentane-1 : 5-diol, 1 : 5-dibromo-3-phenylpentane and 1 : 5-dicyano-3-pheny]- 
pentane due to Manske (/oc. cit.) and von Braun and Weissbach (Ber., 1931, 64, 1785). 

The cyclisation experiments with the above acids or their chlorides and either anhydrous 
hydrogen fluoride or aluminium chloride respectively show that the two methods frequently 
give markedly different results in the yields of the cyclic ketones obtained. The cyclisation 
of $-phenylglutaric acid or the acid chloride to give indan-l-one-3-acetic acid, using 
sulphuric acid or aluminium chloride, respectively, has been previously reported (Speight, 
Stevenson, and Thorpe, J., 1924, 125, 2185; Jackson and’Kenner, J., 1928, 573; von Braun and 
Weissbach, loc. cit.; Manske, loc. cit.). The use of aluminium chloride on the acid chloride in 
carbon disulphide solution has been confirmed, but with anhydrous hydrogen fluoride and the 
free acid the starting material was recovered largely unchanged, and the yield of indan-1-one- 
3-acetic acid was reduced to the order of 10%. In agreement with earlier workers there was no 
evidence of double ring closure to give a diketone containing a strained tricyclic structure. Both 
6-m- and B-p-nitrophenylglutaric acids were completely resistant to ring closure even with the 
use of aluminium chloride on the acid chlorides in nitrobenzene at 150° or of anhydrous hydrogen 
fluoride on the free acids. This result is not unexpected (cf. Ingold and Piggott, J., 1923, 123, 
1505), although Hoyer (J. pr. Chem., 1934, 139, 94) reported the successful ring closure of 
§-o-nitrophenylpropionyl chloride with aluminium chloride to give 4-nitroindan-l-one in 73% 
yield. The action of aluminium chloride on 6-m-methoxyphenylglutaryl chloride at 150° in 
nitrobenzene gave the expected 5-methoxyindan-l-one-3-acetic acid (I) in 47% yield, the 
constitution of which was confirmed by oxidation with potassium permanganate to 4-methoxy- 
phthalic acid. The action of anhydrous hydrogen fluoride on B-m-methoxyphenylglutaric acid 
gave 5-methoxyindan-l-one-3-acetic acid in 83% yield. The ring closure of $-p-methoxy- 
phenylglutaryl chloride was achieved with aluminium chloride in nitrobenzene at 150°, which also 
brought about demethylation to give 6-hydroxyindan-1-one-3-acetic acid (II) in 35% yield, 


which was oxidised to 4-hydroxyphthalic acid. On the other hand, with anhydrous hydrogen 
fluoride 8-p-methoxyphenylglutaric acid was recovered unchanged. 
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In both these cases no ring closure was effected with aluminium chloride in carbon disulphide 
solution. Previous workers have reported that ring closure at a position meta with respect 
to a methoxyl group is achieved only with reluctance with hydrogen fluoride, whereas the 
Friedel-Crafts method frequently gives much better yields (see Johnson, Joc. cit.; Johnson and 
Shelberg, J. Amer. Chem. Soc., 1945, 67, 1853). Since it is known (Thomas, “ Anhydrous 
Aluminium Chloride in Organic Chemistry,”’ Reinhold Publishing Corp., New York, 1941; 
Frank and Tarbell, J. Amer. Chem. Soc., 1948, 70, 1276) that aluminium chloride preferentially 
effects demethylation in groups attached to the ortho- or para-positions with reference to a 
carbonyl group, it is probable the demethylation precedes cyclisation in the action of aluminium 
chloride on §-p-methoxyphenylglutaryl chloride. The ring closure of 8-3 : 5-dimethy!lphenyl- 
glutaric acid with anhydrous hydrogen fluoride acid gave 5 : 7-dimethylindan-1-one-3-acetic 
acid, and §-l-naphthylglutaric acid under similar conditions gave a 93% yield of 4: 5-benz- 
indan-1-one-3-acetic acid, the constitution of which was confirmed by oxidation to naphthalene- 
1: 2-dicarboxylic anhydride, m. p. 162—164°. The alternative configuration involving 
cyclisation at position 8 would have given, under similar conditions, naphthalic anhydride, 
m. p. 274°. 
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EXPERIMENTAL. 

Preparation of Acids.—B-Phenylglutaric acid. Method (a): a-Cyano-f-phenylacrylic acid was 
prepared as described by i tea and Baker (Org. Synth., Coll. Vol. I, p. 175) and subsequently 
esterified with ethyl alcohol (idem, ibid., p. 440). B-Phenylglutaric acid (m. p. 140°) was prepared from 
ethyl a-cyano-f-phenylacrylate and ethyl malonate as described by Manske (loc. cit.). ethod (b): 
Ethyl benzylidenebisacetoacetate was prepared in almost quantitative yield by Knoevenagel’s method 
(Annalen, 1894, 281, 76), but it was found necessary to use 2—3 times more piperidine than stated. 
Subsequent hydsotyel with hot concentrated potassium hydroxide gave f-phenylglutaric acid, m. p. 
140°, in 66% yield. 

+. Phonyipienelic acid. Method (a): Ethyl f-phenylglutarate was converted into successively 
3-phenylpentane-1 : 5-diol, 1 : 5-dibromo-3-phenylpentane, | : 5-dicyano-3-phenylpentane, and y-phenyl- 
pimelic acid as described by Manske (loc. cit.). Method (6) : B-Phenylglutaric acid was converted into 
the acid chloride with phosphorus pentachloride. Treatment of the acid chloride in dry ether with an 
ethereal solution of diazomethane gave the crude diazo-ketone (3-8 g., m. p. 62—65°), which was dissolved 
in warm dioxan (25 c.c.) to which aqueous ammonia (20%; 12 c.c.) and aqueous silver nitrate (10%; 
3c.c.) were added. When the effervescence had subsided the mixture was boiled on the water-bath and 
filtered hot. The crude amide (2-6 g.; m. p. 75—78°) which separated was boiled under reflux with 
aqueous potassium hydroxide (3N.; 20c.c.). Subsequent acidification gave y-phenylpimelic acid (2-2 g.), 
m. p. 84°, after crystallisation from ether, identical with the acid prepared by method (a). 

p-m-Nitrophenylglutaric acid. Method (a): Ethyl a-cyano-f-m-nitrophenylacrylate (12:3 g.), 

epared from ethyl cyanoacetate and m-nitrobenzaldehyde as described by Riedel (J. pr. Chem., 1896, 

, 544; cf. Bertini, Gazzetta, 1901, 31, 273), was added to a mixture of absolute ethyl alcohol (30 c.c.) to 
which sodium (1-2 g.) and ethyl malonate (8-5 g.) had been added. The mixture was warmed gently and 
then boiled under reflux for 15 minutes. en this was cold, water was added and the whole was 
acidified with hydrochloric acid and extracted three times with ether. Evaporation of the solvent left 
an oil (20 g.), which was hydrolysed by boiling under reflux with concentrated hydrochloric acid (100 c.c.) 
for 15 minutes. £-m-Nitrophenylglutaric acid separated on cooling (9-3 g.; m. p. 205—206°). Method 
(b): Ethyl m-nitrobenzylidenebisacetoacetate (40 g.) was maintained for 2 hours at 70° with aqueous 
sodium hydroxide (5%; 500 c.c.). When cold, the solution was extracted with ether, and subsequent 
acidification with dilute sulphuric acid gave f-m-nitrophenylglutaric acid (20 g.; m. p. 201°) (cf. 
Knoevenagel and Schiirenberg, Annalen, 1898, 303, 232). Recrystallisation from aqueous alcohol 
raised the m. Pp: to 204—205°. 

B-p-Nitrophenylglutaric acid. Ethyl ey Eg ge LT (23-5 g.), prepared as described 
by Knoevenagel and Hoffmann (Amnalen, 1898, , 236), was added to a 5% solution of potassium 


hydroxide (240 c.c.) and kept at 50—55° for one hour. The cold solution was extracted with ether and 
then acidified with concentrated hydrochloric acid. The precipitated acid was recrystallised from 
aqueous alcohol (with charcoal) (7-6 £3 m. p. 234—235°). 

th 


B-p-Methoxyphenylglutaric acid. yl p-methoxybenzylidenebisacetoacetate (50 g.), prepared in 
90% yield as described by Knoevenagel and Goecke (Annalen, 1898, 308, 247), was dissolved in a hot 
solution of potassium hydroxide (225 g.) in water (170 c.c.) and maintained at 90—100° for 30 minutes. 
After the addition of twice its volume of water, the cold solution was extracted with ether and then 
acidified with hydrochloric acid. The precipitated acid (25 g.) separated from a mixture of ethyl acetate 
and benzene in needles, m. p. 163° (Found: C, 60-5; H, 6-0. c. for C,gH,,0,: C, 60-5; H, 5-9%). 
Jackson and Kenner (J., 1928, 1657) record m. p. 165° for this acid prepared from ethyl malonate and 
ethyl -methoxycinnamate. 

B-m-Methoxyphenylglutaric acid. To a mixture of m-methoxybenzaldehyde (64 g.) and ethyl 
acetoacetate (122 g.) cooled at 0°, piperidine (5 g.) was added dropwise. After 2 hours at 0° the 
mixture was kept for 3 days at room temperature. The os solid was drained on the pump 
and washed with ether. The crude ester (160 g.) on crystallisation from alcohol gave ethyl m-methoxy- 
benzylidenebisacetoacetate in fine needles, m. p. 135—135-5° (Found: C, 63-9; H, 6-7. C,)H,,O, requires 
C, 63-5; H, 6-9%). The monoxime was prepared by heating the ester with hydroxylamine hydrochloride 
in aqueous alcohol at 50°. Addition of a cold concentrated solution of sodium carbonate precipitated 
the oxime, which crystallised from ethyl alcohol in fine needles, m. p. 181° (Found: C, 60-9; H, 6-7; 
N, 3-4. Cy 9H,,0O,N requires C, 61-05; H, 6-9; N, 36%). The ethyl m-methoxybenzylidenebisaceto- 
acetate (160 g.) was dissolved in a hot solution of potassium hydroxide (160 g.) in water (108 c.c.) and 
maintained at 90—100° for 30 minutes. Water was added and the cold solution was extracted with 
ether. Subsequent acidification precipitated the crude acid as an oil which rapidly solidified. Crystal- 
lisation from a mixture of ethyl acetate and benzene gave p-m-methoxyphenylglutaric acid (65 g.) in fine 
needles, m. p. 126—126-5° (Found: C, 60-4; H, 6-1. C,.H,,O, requires C, 60-5; H, 5-9%). 

B-m-Tolylglutaric acid. Ethyl m-toluate (37 g.) was converted into the hydrazide (30 g.; m. p. 97°), 
as described by Stollé and Stevens (J. pr. Chem., 1904, 69, 369), which was dissolved in dry pyridine 
(100 g.) and shaken with the addition of toluene-p-sulphonyl chloride (40 g.) added in small portions. 
When the reaction was complete, the pyridine was removed under reduced pressure and the residual oil, 
which solidified, was crystallised from aqueous alcohol. Toluene-p-sulphonyl-m-toluoylhydrazide (60 g.) 
was obtained in needles, m. p. 140° (Found: N, 9-3. C,,H,,0,N,S requires N, 9-2%). This substance 
(29-5 g.) was dissolved in ethylene glycol (100 c.c.) at 100° and anhydrous sodium carbonate (29-5 g.) was 
added. After being heated for 3 minutes at 160°, the mixture was cooled, water was added, and the whole 
extracted with ether. Evaporation of the solvent from the dried extract left m-tolualdehyde (8-5 g.), 
which was collected at 196—199°. Piperidine (2 g.) was added to a mixture of the aldehyde (17 g.) 
and ethyl acetoacetate (36-8 g.) at 0°. After 4 days, the solid was collected (33-5 g.) and washed 
with ether. Ethyl m-methylbenzylidenebisacetoacetate arated from alcohol in needles, m. p. 123° 
(Found: C, 65-8; H, 7-3. C.H,,O, requires C, 66-3; H, Mer S45 This ester (33-0 g.) was added toa 
solution of potassium hydroxide (33 g.) in water (40 c.c.) at 100°. After 10 minutes the mixture was 
diluted with twice its volume of water, cooled, and extracted with ether. Acidification of the aqueous 
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layer liberated the acid, which was extracted with ether. Evaporation of the ether from the dried 
extract left an oil, which was purified by treatment with aqueous sodium carbonate, boiling with charcoal 
filtration, and extraction with ether. Acidification of the carbonate solution gave 8-m-tolylglutaric acid 
(17 g.), which separated from ether-—light petroleum (b. p. 40—60°) in fine needles, m. p. 106—107° 
(Found: C, 65-1; H, 6-2. C,,H,,O, requires C, 64-8; H, 6-35%). 

B-3 : 5-Dimethylphenylglutaric acid. Piperidine (5 c.c.) was added to a mixture of ethyl acetoacetate 
(72 g.) and 3 : 5-dimethylbenzaldehyde (37 g.), prepared as described by Marvel, Saunders, and Overberger 
(J. Amer. Chem. Soc., 1946, 68, 1085). After 2 days at room temperature more piperidine (2 c.C.) was 
added, and after a further 2 days the solid reaction product was collected and washed with ether. The 
crude ester (79 g.) was purified by crystallisation from alcohol. Ethyl 3 : 5-dimethylbenzylidenebisaceto- 
acetate was obtained in prisms, m. p. 151—152° (Found: C, 66-8; H, 7-4. C,,H,,0, requires C, 67-0; 
H, 7-5%). The ester (74 g.) was added in small portions to a solution of potassium hydroxide (75 g.) in 
water (75 c.c.) at 100°. After the ester had dissolved the solution was kept at 100° for 10 minutes and 
then diluted with three times its volume of water. When cold the mixture was extracted with ether, 
and acidification of the filtered alkaline layer deposited an oil which solidified. The solution was also 
extracted with ether and on evaporation a further quantity of the oil was obtained. The total product 
(40 g.), which solidified, was recrystallised from ethyl acetate. 8-3 : 5-Dimethylphenylglutaric acid (24'7g.) 
was obtained in prisms, m. p. 160° (Found: C, 66-1; H, 6-7. C,3H,,O, requires C, 66-1; H, 6-8%). 

B-1-Naphthylglutaric acid [with M. F. ANsELL}. A mixture of a-naphthaldehyde (6-3 g.), prepared 
from a-bromomethylnaphthalene as described by Badger (J., 1941, 535), and ethyl acetoacetate (10-5 g.) 
was treated with piperidine (0-5 g.) and after 6 days at room temperature the solid was collected (3-3 g.) 
and washed with ether. Recrystallisation from alcohol gave ethyl 1-naphthylidenebisacetoacetate in 
needles, m. p. 161-5° (Found: C, 69-5; H, 6-6. C,,;H,,O, requires C, 69-3; H, 6-6%). The monoxime, 
prepared as in previous examples, separated from alcohol in colourless needles, m. p. 195—196° (Found : 
N, 3-3. C,,;H,,O,N requires N, 3°4%). The ester (1-8 g.) was added to a solution of potassium hydroxide 
(3-6 g.) in water (2-4 c.c.) at 100° and after $ hour the mixture was diluted, cooled, and extracted with 
ether. The acid was precipitated from the aqueous layer with hydrochloric acid and extracted with 
ether. Evaporation of the dried extract left an oil which solidified (0-9 g.). Crystallisation from ethyl 
acetate—benzene gave f-l-naphthylglutaric acid in needles, m. p. 181-5° (Found: C, 69-65; H, 5-6. 
C,,H,,0, requires C, 69-75; H, 5-5%). 

Ring Closure Experiments.—B-Phenylglutaric acid. (a) To B-phenylglutaryl chloride (prepared from 
5-2 g. of acid with phosphorus pentachloride) in carbon disulphide (6 c.c.) anhydrous aluminium chloride 
(3-5 g.) was added. After storage at room temperature for one hour the mixture was boiled under reflux 
for 2 hours. After removal of the solvent the residue was treated with hydrochloric acid and ice and 
extracted with ether. The ethereal extract was washed with aqueous sodium carbonate, and the alkaline 
washings were acidified and extracted with ether. Evaporation of the solvent gave indan-1l-one-3- 
acetic acid (3-0 g.), which after crystallisation from water melted at 153—154° (cf. Manske, loc. cit.; 
von Braun and Weissbach, Joc. cit.). (b) B-Phenylglutaryl chloride (prepared as above from the acid, 
5-2 g.) was dissolved in nitrobenzene (50 c.c.) and anhydrous aluminium chloride (3-5 g.) was added. The 
mixture was maintained at 70—80° for 4 hour and then left overnight at room temperature. After the 
addition of ice and hydrochloric acid the nitrobenzene was removed with steam. The mixture was then 
extracted with ether, and the extract washed with aqueous sodium carbonate Alkaline washings were 
extracted with ether after acidification, and evaporation of the solvent left a residue of indan-1l-one-3- 
acetic acid (2-0 g.), m. p. 152—153° after crystallisation from water. (c) Anhydrous hydrogen fluoride 
(ca. 100 g.) was added to £-phenylglutaric acid (5-2 g.) in a polythene beaker. After about 15 hours 
in the open air under shelter, most of the hydrogen fluoride had evaporated and some solid had 
separated (3-0 g., m. p. 140—141°), which consisted of B-phenylglutaric acid. This was removed by 
filtration, and to the filtrate an excess of aqueous sodium carbonate was added and the solution was 
extracted with ether. The alkaline layer was then acidified and extracted rapidly with ether. Evapor- 
ation of the ether gave a mixture of indan-l-one-3-acetic acid and B-phenylglutaric acid (2-0 g.; m. p. 
128—132°). After two crystallisations from benzene indan-l-one-3-acetic acid (0-5 g.) was obtained 
in needles, m. p. 153—154°. 

B-m- and B-p-Nitrophenylglutaric acid. The acid chlorides, prepared as above from the corresponding 
acids, failed to undergo ring closure with (a) aluminium chloride in carbon disulphide, or (6) aluminium 
chloride in nitrobenzene at 150°. The free acids also failed to undergo ring closure with anhydrous 
hydrogen fluoride. 

B-p-Methoxyphenylglutaric acid. (a) A mixture of B-p-methoxyphenylglutary] chloride, prepared from 
the acid (5-95 g.) and phosphorus pentachloride, nitrobenzene (50 c.c.), and anhydrous aluminium chloride 
(3-5 g.) was heated slowly to 150° and maintained at that temperature for 15 minutes. The cooled 
mixture was treated with hydrochloric acid and ice, and the nitrobenzene was removed with steam. The 
residue was extracted with ether, and the ethereal extract was washed with aqueous sodium carbonate. 
The carbonate washings were acidified and extracted with ether. Evaporation of the solvent gave 
6-hydroxyindan-1-one-3-acetic acid (1-8 g.), which separated from alcohol in plates, m. p. 161—161-5° 
(Found: C, 63-5; H, 5-3. C,,H)O, requires C, 64-0; H, 4-:9%). Toa solution of this acid (0-45 g.) in 
aqueous sodium hydroxide (10% ; 10 c.c.) was added a cold saturated solution of potassium permanganate 
until the colour persisted (cf. Atwood, Stevenson, and Thorpe, /., 1923, 123, 1764). The solution was 
decolorised with sulphur dioxide, and the manganese dioxide was filtered off. After the addition of 
dilute sulphuric acid followed by boiling to remove sulphur dioxide, the cooled solution was extracted 
with ether. Evaporation of the solvent left an oily residue which was dissolved in ethyl acetate. 
Addition of benzene precipitated 4-hydroxyphthalic acid, m. p. 203—204°, which on sublimation gave 
the anhydride, m. p. 170°. (b) The attempted ring closure of B-p-methoxyphenylglutary] chloride with 
aluminium chloride in carbon disulphide, or with aluminium chloride in nitrobenzene at 70—80°, was 
unsuccessful. In both cases B-p-methoxyphenylglutaric acid was recovered. (c) B-p-Methoxypheny]l- 
glutaric acid (5-95 g.) was treated with anhydrous hydrogen fluoride (ca. 100 g.) as in the previous 
example. The solid which had separated (4-5 g.) consisted of unchanged acid, m. p. 163—164°. The 
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ethereal extract from the acidified carbonate solution was evaporated and the residue was dissolved 
in hot aqueous sodium carbonate as above. Acidification precipitated a further quantity of f-p- 
methoxyphenylglutaric acid (1-0 g.), m. p. 163—164°. 

p-m-Methoxyphenylglutaric acid. (a) A mixture of B-m-methoxyphenylglutaryl chloride, prepared as 
above from the acid (5-95 g.), nitrobenzene (50 c.c.), and aluminium chloride (3-5 g.) was heated slowly to 
150° and kept at this temperature for 10 minutes. When it was cold, hydrochloric acid and ice were added 
and the nitrobenzene was removed with steam. The residual solution was extracted with ether. 
Evaporation gave 5-methoxyindan-1l-one-3-acetic acid (2-6 g.), which separated from alcohol in needles, 
m. p. 151° (Found: C, 65-55; H, 5-7. C,,H,,O, requires C, 65-5; H, 55%). This acid was oxidised 
with alkaline potassium permanganate, in the manner described for 6-hydroxyindan-l-one-3-acetic 
acid, to give 4-methoxyphthalic acid, m. p. 160—161°, which on sublimation gave the anhydride, m. p. 
94°. (b) The attempted ring closure with aluminium chloride in carbon disulphide was unsuccessful. 
(c) B-m-Methoxyphenylglutaric acid (5-95 g.) was treated with anhydrous hydrogen fluoride (ca. 100 g.) as 
described above for £-phenylglutaric acid. The solid which had separated and the residue from the 
ethereal extraction were united, dissolved in hot aqueous sodium carbonate, boiled with charcoal, filtered, 
and acidified. The precipitate consisted of crude 5-methoxyindan-l-one-3-acetic acid (4:6 g.), which 
after crystallisation from alcohol melted at 151—152°. 

B-3 : 5-Dimethylphenylglutaric acid. (a) B-3 : 5-Dimethylphenylglutaryl chloride, prepared from the 
acid (8-0 g.) and phosphorus pentachloride, was dissolved in carbon disulphide (40 c.c.) to which anhydrous 
aluminium chloride (9-0 g.) was added. After boiling under reflux for 3 hours, the solvent was removed 
under reduced pressure and the residue was decomposed with ice-cold dilute hydrochloric acid. It was 
extracted with ether and the ethereal extract was washed with aqueous sodium carbonate. Evapor- 
ation of the ether left a dark tarry residue (2-5 g.), which was devoid of ketonic properties. The alkaline 
solution was boiled with charcoal, filtered, and acidified. From the acidified solution ether extracted only 
unchanged f-3 : 5-dimethylphenylglutaric acid (5-6 g.), m. p. 160° after crystallisation from alcohol. 
(b) B-3 : 5-Dimethylphenylglutaric acid (8 g.) was treated with anhydrous hydrogen fluoride (ca. 150 g.) 
as in the previous examples. The reaction product was neutralised with aqueous sodium carbonate and 
washed with ether. After being boiled with charcoal the filtered solution was acidified and extracted 
with ether. Evaporation of the ether left 5 : 7-dimethylindan-1-one-3-acetic acid (6-8 g.), m. p. 140— 
142°. Recrystallisation from alcohol gave the pure acid in prisms, m. p. 146° (Found: C, 71-3; H, 6-4 
C,3H,,O; requires C, 71-5; H, 6-5%). 

B-1-Naphthylglutaric acid [with M. F. ANSELL]. f-1-Naphthylglutaric acid (1-75 g.) was treated 
with anhydrous hydrogen fluoride (ca. 40 g.) as in the previous examples. The reaction product was 
treated with ice, and the precipitated solid collected, digested with 5% aqueous sodium carbonate, and 
extracted with ether. Acidification of the aqueous layer yielded a single product (1-63 g.), m. p. 203— 
206°. Recrystallisation from aqueous acetic acid gave 4 : 5-benzindan-1l-one-3-acetic acid in clusters of 
small needles, m. p. 206—208° (Found: C, 74-6; H, 5-1. C,,;H,,O, requires C, 75-0; H, 5-0%). Toa 
solution of this acid (0-5 g.) in aqueous sodium hydroxide (10 c.c.; 10%) was added a cold saturated 
solution of potassium permanganate until the colour persisted. The solution was decolorised with 
sulphur dioxide, and the manganese dioxide filtered off. After the addition of dilute sulphuric acid 
followed by boiling to remove the sulphur dioxide, the cooled solution was extracted with ether. 
Evaporation of the solvent left an oily residue which, when heated at 180—200° under reduced pressure, 
gave a sublimate of naphthalene-1 : 2-dicarboxylic anhydride, m. p. 162—164° after recrystallisation 
and resublimation. This m. p. was raised to 166—167° on admixture with an authentic specimen, m. p. 
167—168°. 
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668. Some Phenyl-pyridines and -quinolines. 
By (Mrs.) W. J. Apams, D. H. Hey, P. Mamatis, and R. E. PARKER. 


Reaction of phenylazotriphenylmethane with pyridine gives a mixture of 2-, 3-, and 
4-phenylpyridine in which, in contrast to the corresponding reactions with diazotised aniline, 
nitrosoacetanilide, or benzoyl peroxide, the 2-isomeride is present in smallest quantity. It is 
shown that derivatives of 3-aminopyridine and of 3-aminoquinoline behave like normal 
aromatic amines and can be converted into 3-phenylpyridines and 3-phenylquinolines, but 
the methods fail with 2-aminopyridines. In the reaction between 2-quinolylazotriphenyl- 
methane and benzene the main products are triphenylmethane, triphenylmethyl peroxide, 
2-triphenylmethylquinoline, and quinoline. 


In previous communications (Heilbron, Hey, et al., J., 1940, 349, 355, 358, 1279) it has been 
shown that arylpyridines can be prepared by the action of aqueous solutions of diazonium salts 
on an excess of pyridine at temperatures between 20° and 70°. Similar results have been achieved 
by the action of a nitrosoacylarylamine on pyridine (Haworth, Heilbron, and Hey, J., 1940, 372). 
When the above reactions were used with aniline as one of the starting compounds the three 
isomeric phenylpyridines were formed simultaneously. Overhoff and Tilman (Rec. Trav. chim., 
1929, 48, 993) have shown that phenylpyridines can also be obtained by the action of benzoyl 
peroxide on pyridine, but they reported the formation of the 2- and 4-isomerides only. A re- 





3182 Adams, Hey, Mamalis, and Parker: 


examination of this reaction has since shown that all three isomerides are formed simultaneous} 
(Hey and Walker, J., 1948, 2213). In similar manner Wieland et al. (Annalen, 1934, 514, 155) 
have studied the reaction between phenylazotriphenylmethane and pyridine, and they, too, 
regarded the product as a mixture of the 2- and 4-isomerides only. This reaction has now been 
re-examined with the result that in this instance also all three isomerides are formed together, 
The correspondence thus revealed between all these reactions is in general agreement with the 
results which had been previously reported on the reactions between these four types of reagent 
and aromatic compounds (Grieve and Hey, J., 1934, 1797; Hey, ibid., p. 1966). The reaction 
between phenylazotriphenylmethane and pyridine, however, revealed an unexpected feature in 
that of the three isomeric phenylpyridines the 2-isomeride was formed in smallest quantity, 
whereas in the corresponding reactions with diazotised aniline, nitrosoacetanilide, or benzoyl 
peroxide the 2-isomeride constitutes the main product. The method of separation used, which 
involves the fractional crystallisation of the picrates, is not claimed as a quantitative method and 
reference to the actual weights of the picrates isolated may therefore be misleading, but the 
contrast cited above appears to be sufficiently well marked to deserve comment. The reason for 
this difference in behaviour, which is not at present clear, will form the subject of further 
investigation. 

As methods for the preparation of individual arylpyridines, all the above reactions suffer 
from the disadvantage that a mixture of isomerides is formed from which the pure compounds 
can be isolated only by a tedious process such as the fractional crystallisation of the picrates. 
In the quinoline series the reaction products are even more complex (Hey and Walker, Joc. cit.). 
This difficulty could be overcome in the reactions cited below if, instead of starting with aniline 
and pyridine (R = C,H,;; R’ = C,H,N), similar reactions could be carried out starting with 
an aminopyridine and benzene (R = C;H,N; R’ = C,H,), thus: 


(i) R-N,OH + R’H —-> RR’ + N, + H,O 
(ii) R+N(NO)-CO-CH, + R’H —> RR’ + N, ++ CH,‘CO,H 
(iii) R-N:N-CPh, + R’H —> RR’ + N, + CHPh, 


No systematic attempts have been made to utilise this reverse procedure, although it has already 


been reported (Coates, Cook, Heilbron, Hey, Lambert, and Lewis, J., 1943, 401) that, whereas 
a good yield of 3-pyridylquinolines can be obtained from the reaction between the diazonium 
chloride prepared from 3-aminoquinoline and pyridine, yet the reaction failed with both 2- and 
4-aminoquinoline. In these examples, however, both R and R’ are heterocyclic nuclei. This 
distinction between the properties of the 3-amino-derivative on the one hand and of the 2- and 
4-amino-derivatives on the other hand is not unexpected, since the latter are capable of imine- 
enamine tautomerism (cf. Steck and Ewing, J. Amer. Chem. Soc., 1948, 70, 3397). It has also 
been recorded (Haworth, Heilbron, and Hey, /J., 1940, 372) that attempts to nitrosate 2- 
acetamidopyridine failed, presumably for the same reason. From these facts it is obvious that 
the starting materials to be used in the reverse process must be chosen with discretion and that 
the best chances of success are likely to be achieved with pyridine or quinoline derivatives 
containing the amino-group at the 3-position. 

It has now been confirmed that 2-aminopyridine and 5-nitro-2-aminopyridine are unsuitable 
starting materials, but both 2-chloro-3- and -5-acetamidopyridine were successfully nitrosated, 
and the subsequent reactions with benzene gave 2-chloro-3- and -5-phenylpyridine respectively in 
the normal manner. The nitroso-compounds prepared from these 3-acetamidopyridines showed 
considerably greater stability than nitrosoacetanilide ; a similar contrast in properties has been 
reported between 3-nitroaminopyridine and nitroaminobenzene (Tschitschibabin and Kirssanov, 
Ber., 1927, 60, 2433). Further, 2-n-butoxy-5-phenylpyridine was prepared from diazotised 
5-amino-2-n-butoxypyridine and benzene, and, the sodium acetate modification of the Gomberg 
reaction (cf. Elks, Haworth, and Hey, J., 1940, 1284) being used, 2-chloro-5-aminopyridine gave 
2-chloro-5-phenylpyridine. In the quinoline series 3-aminoquinoline was converted into 
3-phenylquinoline through the agency of both 3-nitrosoacetamidoquinoline and 1-(3-quinolyl)- 
3 : 3-dimethyltriazen. 

In view of the failures recorded above with 2-amino-derivatives of pyridine and quinoline, 
recourse was made to the use of 2-quinolylazotwiphenylmethane in which imine-enamine tauto- 
merism would not seem to be possible. It was therefore of interest to find that in reaction with 
benzene the product contained mainly triphenylmethane, triphenylmethyl peroxide, 2- 
triphenylmethylquinoline, and quinoline, and attempts to detect the presence of 2-phenylquinoline 
were unsuccessful. The formation of 2-triphenylmethylquinoline is comparable with the 
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formation of tetraphenylmethane in the decomposition of phenylazotriphenylmethane (cf. 
Hey, Joc. cit.). 


EXPERIMENTAL. 


Reaction of Phenylazotriphenylmethane with Pyridine.—(a) At 65—70°. A solution of phenylazotri- 
phenylmethane (21 g.) in dry pyridine (250 c.c.) was warmed on the water-bath. Nitrogen evolution 
commenced at 55° and was vigorous at 65°. The temperature was held at 65—70° until evolution of gas 
had ceased and the solution was then boiled under reflux for 2 hours The bulk of the pyridine was 
removed from the clear orange-red solution, and the dark viscous residue was distilled under reduced 
pressure. The main fraction was collected at 160—190°/17 mm. as an orange-yellow oil, which partly 
solidified, and a smaller fraction was collected at 220—260°/17 mm. The combined fractions (8-0 g.) 
were boiled with ethyl alcohol (60 c.c.) and from the hot solution a small quantity of tetraphenylmethane 
(0-2 g.) was filtered off which separated from benzene in needles, m. p. 273—276°, both alone and on ad- 
mixture with an authentic specimen. The alcoholic filtrate deposited a crystalline solid (4-6 g.) on cooling, 
which on recrystallisation from alcohol gave triphenylmethane, m. p. 91—92°, The residual alcoholic 
filtrate was added to a hot solution of picric acid (4-5 g.) in alcohol (55 c.c.), and when cold the mixture of 
picrates was collected and dried (4-5 g.). Fractional crystallisation from acetone, as described by 
Haworth, Heilbron, and Hey (J., 1940, 349), eventually gave 4-phenylpyridine picrate (1-1 g.) in hard 
yellow needles, m. p. and mixed m. p. 195—196°, 3-phenylpyridine picrate (0-5 g.) in bright yellow 
silky needles, m. p. and mixed m. p. 158—159°, and 2-phenylpyridine picrate (0-03 g.) in yellow prisms, 
m. p. and mixed m. p. 174—175°. 

(b) At 20°. Phenylazotriphenylmethane (20 g.) was added to dry pyridine (200 c.c.) maintained at 
20°. After 2 days the azo-compound had dissolved to give an orange-red solution and evolution of 
nitrogen was just perceptible. After 6 weeks the excess of pyridine was removed from the deep-red 
solution under reduced pressure, and the residue was collected in three fractions: (i) b. p. 100—155°/I1 
mm. (pale yellow oil); (ii) b. p. 155—165°/1 mm. (yellow oil which solidified), and (iii) b. p. 165—195°/1 
mm. (orange-red oil which solidified). On working up these fractions as described above the following 
compounds were isolated: triphenylmethane (7-0 g.), m. p. 89—91°, tetraphenylmethane (<9-1 g.), 
m. p. 271—275°, 2-phenylpyridine picrate (0-2 g.), m. p. 172—174°, 3-phenylpyridine picrate (0-9 g.), 
m. p. 155—158°, and 4-phenylpyridine picrate (0-6 g.), m. p. 192—195°. The total weight of crude 
mixed picrates was 6-5 g. 

2-Chloro-3- and -5-acetamidopyridine.—The nitration of 2-aminopyridine was carried out as described 
both by Phillips (J., 1941, 12) and by Caldwell and Kornfeld (J. Amer. Chem. Soc., 1942, 64, 1696), and 
the 3-nitro-2-aminopyridine was separated from the 5-nitro-compound by prolonged distillation with 
steam. Both nitro-amines were converted into the nitro-2-hydroxypyridines and hence into the 
2-chloro-nitropyridines as described by Phillips (loc. cit.) for the 5-nitro-compound. Both nitro- 
compounds were reduced with stannous chloride and hydrochloric acid to give 2-chloro-5-aminopyridine 
(m. p. 83°) and 2-chloro-3-aminopyridine (m. p. 80-5°) (cf. Tschitschibabin and Bylinkin, J. Russ. Phys. 
Chem. Soc., 1940, 50, 478; von Schickh, Binz, and Schulz, Ber., 1936, 69, 2593). Acetylation in the usual 
manner, followed by crystallisation, gave 2-chloro-5-acetamidopyridine, m. p. 151—152° (from water) 
(Found: C, 49-2; H, 4:2. C,H,ON,Cl requires C, 49-3; H, 4:1%), and 2-chloro-3-acetamidopyridine, 
m. p. 90—91° [from light petroleum (b. p. 60—80°)] (cf. Schickh, Binz, and Schulz, loc. cit.). 

2-Chloro-3- and -5-phenylpyridine.—A 15% solution of nitrosyl chloride in glacial acetic acid (25 c.c.) 
was added dropwise to a solution of 2-chloro-3-acetamidopyridine (5-0 g.) in a mixture of glacial acetic 
acid (35 c.c.) and acetic anhydride (15 c.c.), to which had been added fused potassium acetate (15 g.) and 
phosphoric oxide (0-5 g.), stirred at 0°. Stirring was continued for 10 minutes after the addition, after 
which the solution was poured on a mixture of ice and an excess of aqueous sodium carbonate. The 
nitroso-compound, which separated as a yellow oil, solidified and was collected, washed with ice-water, 
and dried [4-8 g.; m. p. 45—46° (decomp.)]. A solution of the 2-chloro-3-N-nitrosoacetamidopyridine 
(2 g.) in dry benzene (150 c.c.) was warmed on the water-bath until nitrogen was copiously evolved. The 
reaction was completed by several hours’ boiling under reflux, after which the excess of benzene was 
removed under reduced pressure. The residua] dark-brown viscous oil was boiled with ethyl alcohol 
and charcoal, filtered, and evaporated to dryness. 2-Chloro-3-phenylpyridine and regenerated 2-chloro- 
3-acetamidopyridine were extracted from the residue with hot light petroleum (b. p. 40—60°) and further 
fractionation from the same solvent gave 2-chloro-3-phenylpyridine in yellow needles, m. p. 55—56° 
(Found: C, 68-95; H, 4-4. C,,H,NClI requires C, 69-65; H, 4-25%). 

In a similar reaction starting with 2-chloro-5-acetamidopyridine (5 g.), the crude nitroso-compound 
(5-5 g.) was purified by extraction with cold ether, followed by filtration and evaporation under reduced 
pressure without the application of any heat. In this way any unchanged 2-chloro-5-acetamidopyridine, 
which is sparingly soluble in cold ether, was removed. The pure 2-chloro-5-N-nitrosoacetamidopyridine 
(4:8 g.) was obtained as a yellow crystalline mass, m. p. 69—-70° (decomp.) (Found: C, 42-5; H, 3-05; 
N, 20-3. C,H,O,N,Cl requires C, 42-1; H, 3-0; N, 21-0%). A solution of the nitroso-compound 
(4:8 g.) in benzene (150 c.c.), treated as described above for the corresponding 3-N-nitrosoacetamido- 
compound, gave eet ay ey (1-0 5 , which separated from light petroleum (b. p. 40—60°) 
in yellow needles, m. p. 65—66° (Found: C, 69-4; H, 4:2; N, 7-4. C,,H,NCl requires C, 69-65; H, 
4-25; N, 7-4%). 

Gomberg Reaction on 2-Chloro-5-aminopyridine using Sodium Acetate.—A solution of 2-chloro-5- 
aminopyridine (5 g.) in a mixture of concentrated sulphuric acid (7 c.c.) and water (50 c.c.) was diazotised 
at 0° with a concentrated solution of sodium nitrite (2-8 g.) in water. This solution of the diazonium 
sulphate was thoroughly stirred with benzene (100 c.c.) at room temperature and a solution of sodium 
acetate (40 g.; trihydrate) in water was added dropwise. The mixture was then warmed with stirring 
until a vigorous evolution of nitrogen took place. When cold, the mixture was filtered, the benzene 
layer separated, and the excess evaporated under reduced pressure. Extraction of the residue with 
light petroleum (b. p. 40—60°) gave 2-chloro-5-phenylpyridine, m. p. 63—64°, which showed no depression 





3184 Some Phenyl-pyridines and -quinolines. 


on admixture with the product obtained as described above from 2-chloro-5-N-nitrosoacetamido- 
pyridine and benzene. 

Gomberg Reaction on 5-Amino-2-n-butoxypyridine.—A solution of 5-amino-2-n-butoxypyridine (8 g.) 
prepared from 2-chloro-5-nitropyridine, in concentrated hydrochloric acid (27-5 c.c.) and water (14 c.c.) 
was diazotised at —5° with aqueous sodium nitrite (3-8 g. in 9 c.c.) and added to benzene (100 c.c.) at 
5°. Aqueous sodium hydroxide (30%) was added dropwise to the well-stirred mixture until it was 
alkaline to litmus, after which stirring was continued for 3 hours at 5—10° and for 24 hours at room 
temperature. The benzene layer was separated and washed with water. After removal of the solvent 
2-n-butoxy-5-phenylpyridine was collected at 145—150°/2-5 mm. as a yellow oil (1-5 g.), which solidified 
when cooled below 20° (Found : C, 79-8; H, 7-8; N, 5-9. C,,5H,,ON requires C, 79-3; H,7-5; N, 6-15%), 
The picrate separated from alcohol in yellow plates or from alcohol—acetone in yellow needles, m. p. 156° 
(Found: C, 55-4; H, 4:6; N, 12-1. C,,;H,,ON,C,H,O,N, requires C, 55-8; H, 4-4; N, 12-3%). 

3-Phenylquinoline.—(a) From 3-nitrosoacetamidoquinoline. A 25% solution of nitrosyl chloride in 
acetic anhydride (24 c.c.) was added slowly to a mixture of 3-acetamidoquinoline (3-2 g.), fused potassium 
acetate (12 g.), and phosphoric oxide (0-5 g.) in a mixture of glacial acetic acid (20 c.c.) and acetic 
anhydride (5 c.c.) stirred at 0—12°. Stirring was continued for 40 minutes after the addition, after 
which the mixture was poured on crushed ice to which sufficient sodium carbonate was added to make the 
resulting solution alkaline. The 3-nitrosoacetamidoquinoline, which separated as a yellow oil that 
solidified, was collected, washed with ice-cold water, and dried [3-5 g.; m. p. 60—62° (decomp.)]. It was 
added to dry benzene (80 c.c.) and after storage overnight the solution was boiled under reflux for 4 
hours. Excess of benzene and acetic acid was removed under reduced pressure and the oily residue was 
extracted several times with light petroleum (b. p. 40—60°). Evaporation of the solvent deposited a 
crystalline solid (1-1 g., m. p. 49—50°), which was contaminated with a red impurity, but repeated crystal- 
lisation from the same solvent gave 3-phenylquinoline in flat plates, m. p. 51—52° [picrate, m. p. 204— 
205° (uncorr.)}. 

(b) From 1-3’-quinolyl-3 : 3-dimethyliriazen. A solution of 3-aminoquinoline (1-8 g.) in water (5 c.c.) 
and concentrated hydrochloric acid (5 c.c.) was diazotised with a solution of sodium nitrite (0-9 g.) in 
water (5 c.c.) at 5—10°. The solid diazonium salt which separated was dissolved by the addition of ice- 
cold water and the yellow solution was added slowly with shaking to a mixture of a 33% aqueous solution 
of dimethylamine (2 g.) and aqueous sodium carbonate (5 g. in 20 c.c.). After $ hour the orange-brown 
precipitate was collected and dried (2-0 g.; m. p. 85—95°). Extraction with light petroleum (b. p. 40— 
60°) left the triazen (1-6 g.), m. p. 80—90° (decomp.), which dissolved in cold concentrated hydrochloric 
acid to give a solution which gave a positive coupling action with alkaline B-naphthol. Evaporation of 
the light petroleum extract gave a product, m. p. 67-5—68° (picrate, m. p. 146—147°), which in hydro- 
chloric acid solution did not couple with alkaline B-naphthol (Found : C, 63-6; H, 5-1; N, 20-6%). Dry 
hydrogen chloride was passed for 30 minutes into a boiling solution of the triazen (1-8 g.) in dry benzene 
(100 c.c.). The cooled solution was washed with 10% aqueous sodium hydroxide and the filtered benzene 
solution was dried. Removal of the solvent left a reddish oil from which 3-phenylquinoline was extracted 
with hot light petroleum (b. p. 40—60°), and identified as the picrate, m. p. and mixed m. p. 201—202° 
(uncorr.) (from alcohol). 

2-Quinolylazotriphenylmethane.—Solutions of 2-quinolylhydrazine (1]l g.), prepared as described by 
Perkin and Robinson (/., 1913, 108, 1978), in pyridine (200 c.c.) and of triphenylchloromethane (22 g.) 
in pyridine (100 c.c.) were mixed. A yellow precipitate separated and the mixture was boiled under 
reflux for 14 hours, after which it was poured into water. The red gum which separated gave on tritur- 
ation with ether a yellow amorphous powder (24 g.), which separated from alcohol in yellow needles (22-8 
g.), which softened at 90° and finally melted at 157°. Further crystallisation from alcohol gave 2- 
quinolylhydrazotriphenylmethane in white needles, m. p. 163-5—164-5° in vacuo (Found: C, 80-4; H, 
6-5; N, 9-45. C,,H,,N;,C,H,O requires C, 80-5; H, 6-5; N, 9:4%). Crystallisation from benzene- 
light petroleum gave the hydrazo-compound, m. p. 165° im vacuo, free from solvent of crystallisation 
(Found: C, 84:1; H, 5-5. C,,H,,;N, requires C, 83-8; H, 5-7%). A solution of potassium ferricyanide 
(78 g.) in water (240 c.c.) was added to a partial solution of the hydrazo-compound (22 g.) in ether (550 
c.c.) and the whole was stirred vigorously at 0—5° while 2N-sodium hydroxide (103 c.c.) was added during 
20 minutes. The mixture became deep-red, and stirring was continued for 1} hours. The ethereal layer 
was separated, washed with water, and dried. Evaporation of the solvent under reduced pressure gave 
an orange solid residue [16-0 g.; m. p. 97—99° (decomp.)]. Crystallisation from ether gave 2-quinolylazo- 
triphenylmethane in small yellow prisms, m. p. 103° (decomp.) (Found: C, 83-5; H, 5-6. C,,H,,N; 
requires C, 84:1; H, 53%). 

Reaction of 2-Quinolylazotriphenylmethane with Benzene.—A solution of the azo-compound (10 g.) in 
benzene (150 c.c.) was warmed to 70°. Evolution of nitrogen was vigorous and the solution darkened in 
colour. When evolution of gas had ceased the solution was boiled under reflux for 2 hours, after which the 
excess of benzene was removed and the residue on distillation under reduced pressure gave two fractions : 
(a) b. p. 180—190°/3-5 mm. (3-5 g.), and (b) b. p. 200-—260°/3-5 mm. (2-1 g.). Fraction (a) gave triphenyl- 
methane (1-75 g.), m. p. 90—91° after recrystallisation from alcohol, a small quantity of a solid, m. p. 159— 
160° after crystallisation, and quinoline (1-1 g.). Fraction (b) yielded a basic substance (1-3 g.), which on 
repeated crystallisation from alcohol—benzene gave 2-triphenylmethylquinoline in needles, m. p. 191—192° 
(Found : C, 90-6; H, 5-8. C,,H,,N requires C, 90-5; H, 5-7%). In a second experiment with the azo- 
compound (5 g.) and benzene (50 c.c.) the temperature was maintained at 70° until evolution of nitrogen had 
ceased, after which the benzene was removed under reduced pressure. The residue was extracted with two 
portions (40 c.c.) of boiling ether. An insoluble residue (0-1 g.) of triphenylmethyl peroxide was obtained, 
which after crystallisation from alcohol—benzene melted at 186°. Distillation of the extracts gave (a) 
a yellow oil (0-6 g.), b. p. 70—100°/0-1 mm., (b) an orange-yellow oil (1-0 g.), b. p. 100—150°/0-1 mm., 
and (c) a viscous brown oil (1-7 g.), b. p. 150—230°/0-1 mm. Fraction (a) consisted mainly of quinoline, 
identified as its sparingly soluble picrate, m. p. and mixed m. p. 199—200°. Fraction (b) gave triphenyl- 
methane (0-5 g.), m. p. 85—-88° (from alcohol), and from the mother-liquor a further quantity of quinoline, 
isolated as picrate. Fraction (c) on crystallisation from benzene-alcohol gave 2-triphenylmethyl- 





[1949] Derivatives of Quinaldine and Lepidine. 3185 


quinoline, m. p. 190—191°. In both experiments treatment of the mother-liquors with alcoholic picric 
acid gave mixtures of picrates from which no pure products, other than quinoline picrate, could be 
isolated. 


Part of the work described in this i was carried out during the tenure by one of us (W. J. A.) of 
a University of London Postgraduate Studentship. 
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669. Arylamino-(dialkylaminoalkylamino)-derivatives of Quinaldine 
and Lepidine. 


By A. Apams and D. H. Hey. 


The synthesis of a number of arylamino-(dialkylaminoalkylamino)-derivatives of quinaldine 
and lepidine is described. Improved methods for the nitration of 4-hydroxyquinaldine, and for 
the conversion of 6-nitro-4-hydroxy- into 4-chloro-6-nitro-quinaldine are described. The 
formation of a third isomeride, assumed to be the hitherto unknown 2-chloro-5-nitrolepidine, in 
the nitration of 2-chlorolepidine, is also reported. 


As part of a programme devoted to the search for new antimalarials, the synthesis of a number 
of arylamino-(dialkylaminoalkylamino)quinolines, in whcih the arylamino- and the dialkylamino- 
alkylamino-groups are attached to different rings in the quinoline system, has been described 
by Bennett, Crofts, and Hey (this vol., p. 227). The present communication describes the 
preparation of similar compounds, in which a p-chloroanilino- and a dialkylaminoalkylamino- 
group are attached to the pyridine and benzene rings, respectively, of quinaldine and of 
lepidine. 

For the synthesis of arylamino-(dialkylaminoalkylamino)quinaldines, 4-chloro-6-nitro- 
quinaldine (I) and 4-chloro-8-nitroquinaldine (II) were used as intermediates. The former was 
obtained in good yield by the action of phosphorus oxychloride on 6-nitro-4-hydroxyquinaldine 
(III), the latter being prepared by the nitration of 4-hydroxyquinaldine (IV). Kermack and 
Weatherhead (J., 1939, 564)) obtained 6-nitro-4-hydroxyquinaldine (III), in 63% yield, as the 
sole product of the nitration, but in our hands 8-nitro-4-hydroxyquinaldine (V) has also been 
isolated in 10% yield, and the yield of 6-nitro-4-hydroxyquinaldine (III) has been improved. 
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Further, Kermack and Weatherhead (loc. cit.) reported some difficulty in the conversion of 
6-nitro-4-hydroxyquinaldine (III) into 4-chloro-6-nitroquinaldine (I) by boiling for one hour 
with phosphorus pentachloride and phosphorus oxychloride. These results were confirmed 
purple amorphous products being frequently obtained by this method, but it was found that 
excellent yields of pure 4-chloro-6-nitroquinaldine (I) could be obtained by warming 6-nitro-4- 
hydroxyquinaldine (III) with phosphorus oxychloride alone for a short period until dissolution was 
just complete. 4-Chloro-8-nitroquinaldine (II) was prepared in similar manner from 8-nitro-4- 
hydroxyquinaldine (V) as well as by the nitration of 4-chloroquinaldine (VI), as described by 
Halcrow and Kermack (J., 1945, 415). 

The two chloronitroquinaldines (I) and (II) were each heated with p-chloroaniline, without a 
solvent, reaction with 4-chloro-8-nitroquinaldine taking place much more readily than with 
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4-chloro-6-nitroquinaldine, and the resulting 6- and 8-nitro-4-p-chloroanilinoquinaldines were 
— reduced with stannous chloride and hydrochloric acid 
nH? Sci 4 a aee 


= corresponding 6- and 8-amino-4-p-chloroanilinoquinaldines, 

Et,N-CH,°CH,N 0 VS = When 6-amino-4-p-chloroanilinoquinaldine was ented for 60 

(vit) \ wt hours with 2-diethylaminoethyl chloride in xylene solution, 

: 4-p-chloroanilino - 6 - 2’ - diethylaminoethylaminoquinaldine 

(VII; R = CH,) was obtained in small yield, but repeated attempts to introduce the basic 
side chain into 8-amino-4-p-chloroanilinoquinaldine failed. 

The intermediates used for the preparation of arylamino-(dialkylaminoalkylamino)lepidines 
were 2-chloro-6-nitrolepidine (VIII) and 2-chloro-8-nitrolepidine (IX). In order to obtain the 
former, an attempt was made to prepare 6-nitro-2-hydroxylepidine (X) from p-nitroaceto- 
acetanilide by treatment with concentrated sulphuric acid, but only p-nitroaniline could be 
isolated from the reaction product. The same difficulty was experienced by Balaban (/J., 1930, 
2347) although he reported the formation of the nitro-hydroxylepidine in small yield. 2- 
Chloro-6-nitrolepidine (VIII) was finally prepared by the action of phosphorus oxychloride on 
6-nitro-2-hydroxylepidine (X) (Balaban, ibid., p. 2349), prepared by the nitration of 2-hydroxy- 
lepidine (XI). The production of tars, which, according to Krahler and Burger (J. Amer. Chem. 


Soc., 1941, 68, 2367), are formed in Balaban’s process, was avoided by warming the hydroxy- 
lepidine for one hour with phosphorus oxychloride only, instead of boiling it with a mixture of 
phosphorus oxychloride and pentachloride. 2-Chloro-8-nitrolepidine (IX) was prepared by 
nitration of 2-chlorolepidine (XII) (Krahler and Burger, ibid., p. 2369; 1942, 64,2417). Krahler 
and Burger, as well as Johnson and Hamilton (bid., 1941, 63, 2867), reported the formation 
of only 2-chloro-6-nitrolepidine (VIII) and 2-chloro-8-nitrolepidine (IX) in the nitration of 
2-chlorolepidine (XII), but it is now shown that a third isomeride is also formed in small yield 
which, by analogy with the nitration of 4-chloroquinaldine (Halcrow and Kermack, Joc. cit.), 
is regarded as the hitherto unknown 2-chloro-5-nitrolepidine (XIII). 

2-Chloro-6- and -8-nitrolepidine (VIII and IX) were each heated with ~-chloroaniline to give 
6- and 8-nitro-2-p-chloroanilinolepidine, respectively, which were reduced with stannous chloride 


CH, CH, 


Et.N-CH.-CH -NHZ \ nr VS om 
OO a. CeCe. 

* ” Et,N-CH,°CH,"NH ss = 
(XIV.) (XV.) 


and hydrochloric acid to 6- and 8-amino-2-p-chloroanilinolepidine. The subsequent introduction 
of the 2-diethylaminoethyl group into these compounds proceeded with much greater readiness 
than in the cases of the corresponding derivatives of quinaldine, and heating with 2-diethyl- 
aminoethy] chloride in xylene solution gave 2-p-chloroanilino-6- (XIV) and -8-2’-diethylaminoethyl- 
aminolepidine (XV) respectively. 

The ease with which the basic side chain is introduced into an amino-group attached to the 
benzene nucleus in p-chloroanilino-derivatives of quinoline, quinaldine, and lepidine appears 
to depend to a marked extent on the position of the ~-chloroanilino-group. Bennett, Crofts, 
and Hey (loc. cit.) were able to introduce the 2-diethylaminoethyl group easily into 5-, 6-, and 
8-amino-2-p-chloroanilinoquinoline, but the reaction failed with 8-amino-4-p-chloroanilino-6- 
methoxyquinoline and with 6-amino-4-p-chloroanilinoquinoline. Further work has confirmed 
the resistance of these amino-4-p-chloroanilinoquinolines to the introduction of the basic 
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side chain, although it has been possible to prepare 4-p-chloroanilino-6-2’-diethylaminoethyl- 
aminoquinoline (VII; R = H) in very low yield from 6-amino-4--chloroanilinoquinoline. 


EXPERIMENTAL, 


4-Hydroxyquinaldine.—4-Hydroxyquinaldine was prepared by a modification of the original synthesis 
of Conrad and Limpach (Ber., 1887, 20, 944, 947) (cf. Leonard, Herbrandson, and Heyningen, /. Amer. 
Chem. Soc., 1946, 68, 1280; Price and Jackson, ibid., p. 1282). A mixture of ethyl acetoacetate (52-0 g.), 
aniline (37-2 g.), and concentrated hydrochloric acid (one drop) was set aside for 24 hours. After 
separation of the aqueous layer, the residual oil was dried over anhydrous magnesium sulphate for 24 
hours and added during 15 minutes to boiling diphenyl ether (500 c.c.). Heating was continued for a 
further 10 minutes, and after cooling overnight the precipitate was filtered off, washed twice with light 
petroleum (b. p. 60—80°), and dried. The product (37-0 g.; m. p. 220—225°) was dissolved in boiling 
water (600 c.c.), and the solution filtered and evaporated almost to dryness. The resulting 4-hydroxy- 
quinaldine, after drying at 100°, was obtained as a pale yellow, crystalline powder (32-8 g.; m. p. 230—231°, 
uncorr.). During the distillation of the diphenyl ether filtrate a small quantity of dighanyhenes (0-9 g.; 
m. p. 234—-235°) was collected in the condenser and receiver. 

Nitvation of 4-Hydroxyquinaldine (cf. Kermack and Weatherhead, Joc. cit.).—A mixture of nitric acid 
(d 1-42; 4-9 c.c.) and concentrated sulphuric acid (5-0 c.c.) was stirred into a solution of 4-hydroxy- 
quinaldine (10-6 g.) in concentrated sulphuric acid (50 c.c.) at 0° After storage overnight the solution 
was poured on ice (500 g.), and crude 6-nitro-4-hydroxyquinaldine slowly separated as a yellow crystalline 
powder (9-8 g.). After recrystallisation from glacial acetic acid the product melted above 360°. The 
acidic aqueous filtrate was made almost neutral with aqueous sodium hydroxide, and a further precipitate 
(41 g., m. p. >300°) was obtained. Recrystallisation from glacial acetic acid gave pure 6-nitro-4- 
hydroxyquinaldine as a bright yellow crystalline powder (1-9 g.), m. p. >360°, and concentration of the 
mother-liquor to small bulk gave 8-nitro-4-hydroxyquinaldine (1-4 g.) in yellow plates, m. p. 224—227° 
(cf. Halcrow and Kermack, /., 1945, 415). The latter compound (1-0 g.) was warmed with phosphorus 
oxychloride (5 c.c.) until dissolved, then cooled, and poured on ice (100 g.). The blue solution was made 
slightly alkaline by addition of aqueous sodium hydroxide; the blue colour disappeared and 4-chloro-8- 
nitroquinaldine (0-9 g.) separated as a white solid. Recrystallisation from ethyl alcohol gave the 
quinaldine in long colourless needles, m. p. and mixed m. p. with an authentic specimen (cf. Halcrow and 
Kermack, Joc. cit.), 112—113°. 

4-Chloro-6-nitroquinaldine.—6-Nitro-4-hydroxyquinaldine (1-2 g.) was warmed gently with phos- 
phorus oxychloride (6 c.c.) until the solid was dissolved. When cold, the solution was poured on ice. 
After filtration of the ice-cold solution, the filtrate was made just alkaline by addition of aqueous sodium 
hydroxide. The white — was collected, washed with water, and dried (1-2 g.; m. p. 140—142°). 
Recrystallisation from ethyl alcohol gave 4-chloro-6-nitroquinaldine in long, fine, colourless needles, 
m. p. 142°. 

1. Chloro-8-mitroquinaldine —4-Chloroquinaidine was prepared from 4-hydroxyquinaldine as described 
by Conrad and Limpach (Ber., 1887, 20, 952) and purified by steam-distillation and subsequent extraction 
with ether. Nitration, as described by Halcrow and Kermack (Joc. cit.), gave 4-chloro-8-nitroquinaldine, 
m. p. 112—113°. 

6-Nitro-4-p-chloroanilinoquinaldine.—A mixture of 4-chloro-6-nitroquinaldine (1-5 g.) and ~-chloro- 
aniline (0-9 g.) was heated at 240°. Hydrogen chloride was evolved, and the temperature rose to 270— 
280°. After 5 minutes at this temperature the mixture was cooled, and boiled for 15 minutes with glacial 
acetic acid (50.c.c.). The cooled solution was diluted with water (200 c.c.) and filtered. The filtrate was 
made alkaline with aqueous sodium hydroxide, and the resulting precipitate collected, washed with 
water, and dried. Recrystallisation from toluene (250 c.c.) gave 6-nttro-4-p-chloroanilinoquinaldine 
(1-0 g.) in red needles, m. p. 273—274° (uncorr.) (Found: C, 61-6; H, 4-0. C,,H,,0,N,Cl requires C, 
61:3; H, 3-8%). 

4. Wie 4.2 cMerwentiinequinaldine —A. mixture of 4-chloro-8-nitroquinaldine (1-0 g.) and -chloro- 
aniline (0-6 g.) was heated to 65°, at which temperature reaction began and the temperature quickly rose 
to 130—140°. After 5 minutes at this temperature, the mixture was cooled, powdered, and boiled with 
aqueous sodium carbonate. The free base was filtered off, washed with water, and dried. Recrystal- 
lisation from toluene gave 8-nitro-4-p-chloroanilinoquinaldine (1-1 g.) in bright yellow needles, m. p. 
173—174° (Found: C, 61-3; H, 4-0. C,,H,,0,N,Cl requires C, 61:3; H, 3-8%). The acetate separated 
from glacial acetic acid in orange needles, m. p. >300° (Found : C, 54-5; H,4-0. C,,gH,,0,N,Cl,2C,H,O, 
requires C, 55-3; H, 4-6%). 

6-A mino-4-p-chloroanilinoquinaldine.—A solution of stannous chloride (11-5 g.) in concentrated 
hydrochloric acid (11-5 c.c.) was added to a solution of 6-nitro-4-p-chloroanilinoquinaldine (2-3 g.) in 
glacial acetic acid (23 c.c.). The mixture was heated for one hour on a boiling water-bath, and then kept 
at room temperature for 48 hours. The solid stannichloride was collected and warmed with 30% aqueous 
sodium hydroxide (100 c.c.). The liberated free base was filtered off, washed with water, and dried. 
Recrystallisation from toluene gave 6-amino-4-p-chloroanilinoquinaldine (1-5 g.) in yellow-brown needles 
which lost water at 90—100° and melted at 174—176° (Found: C, 65-6; H, 5-2. C,H,,N;Cl,4;H,O 
requires C, 65-6; H; 5-1%). The base dissolved in alcohol and in toluene to give yellow solutions with 
a violet fluorescence. e picrate separated from alcohol in clusters of yellow needles, m. p. 191—193° 
(Found: C, 51-2; H,3-7. C,,H,,N,Cl,C,H,O,N, requires C, 51-5; H, 3-3%). 

8-Amino-4-p-chloroanilinoquinaldine.—A mixture of 8-nitro-4-p-chloroanilinoquinaldine (2-2 g.) in 
glacial acetic acid (22 c.c.) and stannous chloride (11 g.) in concentrated hydrochloric acid (11 c.c.) was 
heated for one hour on the water-bath and then left overnight at room temperature. The mixture was 
made strongly alkaline with aqueous sodium hydroxide, heated on the water-bath for one hour, cooled, 
and filtered. Crystallisation of the washed and dried residue from toluene gave 8-amino-4-p-chloro- 
anilinoquinaldine (1-3 g.) in white needles, m. p. 262-5—263-5° (uncorr.) after softening at 100° (Found : 
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C, 63-5; H, 5-3. C,gH,,N,Cl,H,O requires C, 63-7; H, 5-3%). The amine dissolved in toluene and in 
alcohol to give yellow solutions with a violet fluorescence. The picrate separated from alcohol in yellow 
ore. Hh 33% - p. 245—247° (uncorr.) (Found: C, 52-3; H, 3-5. C,,H,,N,Cl,C,H,O,N, requires C 
51-5; H, 3-3%). ‘ 

4-p-Chloroanilino-6-2’-diethylaminoethylaminoquinaldine.—A solution of 6-amino-4-p-chloroanilino- 
quinaldine (1-0 g.) and 2-diethylaminoethyl chloride (0-5 g.) in xylene (50 c.c.) was boiled under reflux 
for 30 minutes and then heated in a water-bath for 60 hours. When cold, unchanged 6-amino-4-p- 
chloroanilinoquinaldine (0-9 g.) separated and was filtered off. The xylene filtrate was extracted with 
two portions (each 50 c.c.) of 12% hydrochloric acid, and the aqueous extract was made alkaline with 
solid sodium hydroxide, and extracted with ether. Evaporation of the ether from the dried (potassium 
hydroxide) extract left a residue which was dissolved in alcohol and treated with a saturated alcoholic 
solution of picricacid. The yellow picrate which separated was washed and dried (0-4 g.; m. p. 70—100°), 
Fractional crystallisation from alcohol gave first the picrate of 2-diethylaminoethyl chloride, m. p, 
115—117°, which did not depress the m. p. of an authentic specimen, and secondly, the dipicrate of 
4-p-chloroanilino-6-2'-diethylaminoethylaminoquinaldine (0-1 g.), m. p. 205—210° (decomp.) (Found: 
C, 47-8; H, 4:1. C,,H,,N,Cl,2C,H,O,N, requires C, 48-5; H, 3-9%). 

2-H ydroxylepidine.—Acetoacetanilide, prepared from ethyl acetoacetate and aniline by the modific- 
ation described by Ewins and King (J., 1913, 108, 105) of Knorr’s original method (Annalen, 1886, 236, 
75), was converted into 2-hydroxylepidine with concentrated sulphuric acid as described by Mikhailov 
(J. Gen. Chem. Russia, 1936, 6, 511; Chem. Abstr., 1936, 30, 6372). 

2-Chloro-6-nitrolepidine.—6-Nitro-2-hydroxylepidine (7-2 g.), prepared by nitration of 2-hydroxy- 
lepidine (Balaban, Joc. cit.), was warmed with phosphorus oxychloride (20 c.c.) at 100° for one hour. 
When cold, the mixture was poured on ice (500 g.), and the solid which separated was collected, dried, and 
crystallised from benzene. 2-Chloro-6-nitrolepidine (6-7 g.) separated in cream-coloured needles, m. p. 
211—212° (cf. Krahler and Burger, Joc. cit.). 

Nitration of 2-Chlorolepidine.—2-Chlorolepidine, m. p. 57—58° (17-9 g.), prepared from 2-hydr- 
oxylepidine in 86% yield by the method of Krahler and Burger (/oc. cit.), was nitrated as described by these 
workers (cf. Johnson and Hamilton, loc. cit.). The crude dried nitration product (18-9 g.) thus obtained 
was dissolved in boiling ethyl alcohol (600 c.c.), and the solution cooled to 55° and filtered. The pre- 
cipitated 2-chloro-6-nitrolepidine (1-1 g.), after drying, melted at 195—200°. Recrystallisation from 
benzene gave straw-coloured needles, m. p. 211—213°. The alcoholic filtrate was cooled at 0°, and the 
precipitated 2-chloro-8-nitrolepidine, m. p. 132—134° (10-6 g.), was collected. Concentration of the 
mother-liquor gave a third isomeride (1-2 g.) in colourless needles, m. p. 140—142°. Recrystallisation 
from alcohol gave 2-chloro-5-nitrolepidine in needles, m. p. 143° (Found: C, 53-8; H, 3-3. C,)H,O,N,Cl 
requires C, 53-9; H, 3-2%). 

6-Nitro-2-p-chloroanilinolepidine.—A mixture of p-chloroaniline (4-7 g.) and 2-chloro-6-nitrolepidine 
(7-7 g.) was heated in a metal-bath. Reaction commenced at 150°, and the mixture became solid. After 
5 minutes at this temperature the product was cooled, powdered, and boiled with aqueous sodium 
carbonate and filtered off. The residue was dissolved in hot glacial acetic acid (200 c.c.), and the filtered 
solution was poured into water (600 c.c.). The precipitate was collected, washed with water, and dried, 
and recrystallisation from toluene gave 6-nitro-2-p-chloroanilinolepidine (8-1 g.) in orange-red needles, 
m. p. 208° (Found: C, 60-9; H, 3-8. C,,H,,0,N,Cl requires C, 61-3; H, 3-8%). 

8-Nitro-2-p-chloroanilinolepidine.—2-Chloro-8-nitrolepidine (7-5 g.) and p-chloroaniline (4-5 g.) in 
similar manner gave 8-nitro-2-p-chloroanilinolepidine (6-4 g.), which crystallised from toluene in a mixture 
of red needles, m. p. 194—196°, and orange plates, m. p. 196°, admixture of the two forms showing 
no depression in m. p. (Found: C, 61-4; H, 3-6. C,,H,,0,N,Cl requires C, 61-3; H, 3-8%). 

6-A mino-2-p-chloroanilinolepidine.—A solution of stannous chloride (40-5 g.) in concentrated hydro- 
chloric acid (40-5 c.c.) was added to a suspension of 6-nitro-2-p-chloroanilinolepidine (8-1 g.) in glacial 
acetic acid (81 c.c.). The mixture was heated on a water-bath for one hour, and then kept at room 
temperature for 48 hours. The clear solution was made alkaline, and the stannichloride filtered off and 
boiled for 15 minutes with 50% aqueous sodium hydroxide. The residue was collected and dried, and 
crystallisation from toluene gave 6-amino-2-p-chloroanilinolepidine (4-2 g.) in fawn prisms, m. p. 169° 
(Found: C, 67-9; H, 4-8. C,,H,,N,Cl requires C, 67-7; H, 49%). The amine dissolved in alcohol and 
in toluene to give yellow solutions with a violet fluorescence. The dipicrate separated from alcohol in 
clusters of yellow needles, m. p. 216—218° (uncorr.) (Found: C, 45-5; H, 2-8. C,,H,,N,Cl,2C,H,O,N; 
requires C, 45-3; H, 2-7%). 

8-A mino-2-p-chloroantlinolepidine.—A mixture of stannous chloride (30 g.) in concentrated hydro- 
chloric acid (30 c.c.) and 8-nitro-2-p-chloroanilinolepidine (4-5 g.) in glacial acetic acid (45 c.c.) was heated 
on the water-bath for one hour, and then left for 48 hours at room temperature. The product, worked 
up as in the previous example, was crystallised first from xylene (200 c.c.) and then from toluene. 
8-Amino-2-p-chloroanilinolepidine (3-1 g.) was obtained in pale brown plates, m. p. 187—188° (Found: 
C, 67-1; H, 4-7. C, gH,,N;Cl requires C, 67-7; H, 4:9%). The amine dissolved in alcohol and in toluene 
to give yellow solutions with a violet fluorescence. The picrate separated from alcohol in dark red needles, 
m. p. 205—208° (Found: C, 51-5; H, 3:7. C,sH,,N;Cl,CgH,O,N, requires C, 51-5; H, 3:3%). The 
diacetyl derivative crystallised from aqueous acetic acid in white plates, m. p. 297—298° (uncorr.) 
(Found : C, 65-7; H, 4-6. C,9H,,0,N,Cl requires C, 65-3; H, 4-9%). - 

2-p-Chloroanilino-6-2’-diethylaminoethylaminolepidine.—A mixture of 6-amino-p-chloroanilinolepidine 
(1-0 g.) in toluene (100 c.c.) and 2-diethylaminoethyl chloride (0-5 g.) in xylene (3 c.c.) was boiled 
under reflux for 24 hours. When cold, the solution was extracted with two 50-c.c. portions of 
12% hydrochloric acid. The combined extracts were made alkaline with solid sodium hydroxide, and 
the liberated bases extracted with ether. Evaporation of the ethereal extract, dried over solid potassium 
hydroxide, left a brown oil which was dissolved in alcohol (20 c.c.) and treated with a saturated alcoholic 
solution of picric acid. The precipitated mixture of picrates was collected and washed with cold alcohol. 
After extraction with boiling ethyl alcohol (two 25-c.c. portions), the relatively insoluble picrate of 
2-diethylaminoethyl chloride (m. p. 115—117°) remained. The combined alcoholic extracts were 
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evaporated to dryness, and subsequent crystallisation from alcohol-acetone gave 2-p-chloroanilino-6- 
2’-diethylaminoethylaminolepidine dtpicrate (0-4 g.) in orange-yellow prisms, m. p. 158—162° (Found : 
C, 48-4; H, 4-2. C,.H,,N,Cl,2C,H,O,N, requires C, 48-5; H, 3-9%). 

2-p-Chloroanilino-8-2’-diethylaminoethylaminolepidine.—A mixture of 2-diethylaminoethyl chloride 
(0-5 g.) in xylene (3 c.c.) and 8-amino-2-p-chloroanilinolepidine (1-0 g.) in toluene was boiled under reflux 
for 24 hours. The product was isolated as described in the previous example. Extraction of the 
liberated bases with ether left an insoluble residue (0-5 g.) of 8-amino-2-p-chloroanilinolepidine, m. p. 
181—183° after recrystallisation. Evaporation of the dried (KOH) ethereal extract left a yellow oil, 
which was dissolved in ethyl alcohol (20 c.c.) and treated with alcoholic picric acid. The resulting 
picrate (0-5 g.) was collected, washed with alcohol, and dried. Recrystallisation from ethyl alcohol 
gave 2-p-chloroanilino-8-2’-diethylaminoethylaminolepidine dipicrate in yellow prisms, m. p. 175—180° 
(Found: C, 48-6; H, 4-1. C,.H,,N,Cl,2C,H,O,N, requires C, 48-5; H, 3-9%). 

4-p-Chloroanilino-6-2’-diethylaminoethylaminoquinoline.—A solution of 6-amino-4-p-chloroanilino- 
quinoline (0-8 g.) and 2-diethylaminoethy] chloride (0-4 g.) in xylene (30 c.c.) was heated in a water-bath 
for 96 hours. The product was then extracted with two 50-c.c. portions of 10% hydrochloric acid, and 
the extracts were made alkaline with solid potassium hydroxide. The liberated bases were extracted with 
ether (100 c.c.), and the extract dried over solid potassium hydroxide. After removal of solvent the 
residue was dissolved in alcohol (5 c.c.) and treated with saturated alcoholic picric acid. Extraction 
of the insoluble picrates with boiling alcohol left the less soluble picrate of 2-diethylaminoethy] chloride, 
m. p. 110—115°, and evaporation of the extract deposited 4-p-chloroanilino-6-2’-diethylaminoethylamino- 
quinoline dipicrate (0-2 g.) in yellow crystals, m. p. 212—214° (uncorr.) (Found: C, 47-8; H, 3-8. 
C,,H,5N,Cl,2C,H,O,N, requires C, 47-9; H, 3-8%). 
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670. The Oxidation of Phenols with Benzoyl Peroxide. 


By StanLtey L. CosGrRovE and WILLIAM A. WATERS. 


Monohydric phenols react with benzoyl peroxide in boiling chloroform to give the mono- 
benzoates of pyrocatechol derivatives. p- and m-Cresol give the same product: this is true 
also of m-4- and m-5-xylenol, and of the monomethyl ethers of pyrocatechol and resorcinol. 
It is considered that the substitution of the para-derivatives involves a molecular rearrangement 
of a benzoyl group. This is also the case for the substitution of o-cresol, which gives only a 
minute yield of a simple reaction product. From phenol itself derivatives of both pyrocatechol 
and quinol were obtained. Independent syntheses were carried out to confirm the structures of 
all the reaction products. 

The mechanism of this reaction is reviewed. The high percentage recovery of benzoic acid 
indicates that, at the temperature of boiling chloroform, benzoyl peroxide first dissociates 
into free benzoate radicals, which react with the phenols at a much faster rate than that at which 
they lose carbon dioxide. 


THERE is as yet little chemical evidence concerning the way in which monohydric phenols retard, 
and sometimes inhibit almost completely, the autoxidation of olefinic oils and other technically 
important substances. Indeed it is not certain whether the phenols themselves are destroyed 
by such oxidation as does take place in their presence, though in another connection (Dickinson 
and Nicholas, “‘ The Reaction of Oxygen with Tar Oils,”” Road Research Technical Paper 
No. 16, H.M.S.O., London, 1949) it has been shown that in the slow autoxidation of the less 
volatile fractions of coal tar it is the phenolic rather than the hydrocarbon components which 
undergo chemical change to yield complex friable products. 

Autoxidations are now recognised to be homolytic chain reactions involving dehydrogenation 
such as 

R-O-O: + H-R’ —> R-O-O-H + :R’ 


in which inhibitors (H—-In) have been pictured as effecting chain-stopping reactions of the types 


R-O-0: + H-In — > R-O-O-H + ‘In 
or R’ + H-In — > R’-H + -In 


where the radical (*In) does not then continue the chain sequence but becomes converted into 
stable molecules in some other way. It was therefore decided that some insight into the rdéles 
of phenols in autoxidation processes might be gained by a study of their reactions with benzoyl 
peroxide, a typical radical-producing agent. 

The kinetic studies of Nozaki and Bartlett (J. Amer. Chem. Soc., 1946, 68, 1686) have shown 
that chain reactions are usually involved when benzoyl peroxide decomposes in warm organic 
solvents, and that the destruction of the peroxide is much more rapid in solvents, such as m-cresol 
or aniline, containing reactive hydrogen than in non-ionising solvents such as benzene or 
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chloroform. Hence it is possible to study the action of benzoyl peroxide on phenols in the latter 
solvents, in which homolytic rather than heterolytic reactions would be expected. 


R, R, 
Va 7S an 
‘Been 4 | <— ay 
R Ra \oH RA oH 
H “CO-Ph 
(I.) (II.) (III.) 


The simplest reactions were found to be those of para-substituted phenols (I), such as 
p-cresol, m-4-xylenol and quinol monomethyl ether. These all reacted slowly with benzoyl 
peroxide in cold chloroform with very little colour-formation, and p-cresol (I; R, = Me, 
R, = H) gradually deposited white crystals of a product (II) in which a benzoyloxy-group had 
been introduced into the aromatic nucleus. From the three phenols mentioned above products 
of the type (II) were obtained in 35—40% yield by boiling the reaction mixtures for 6 hours, 
After separation of benzoic acid, these compounds can be purified by fractional distillation at a 
low pressure (ca. 0°1 mm.) and consequently are stable at temperatures up to 200°. When 
equimolar quantities of the phenols (I) and benzoyl peroxide are used, the yield of the products 
(II) is equivalent to 30—40%, whilst 60—70% of the peroxide is converted into benzoic acid. 
Consequently the reaction products contain between them all the benzoyl peroxide in the form 
of Ph:CO-O groups, and there is no significant loss by decarboxylation : indeed, with p-cresol 
in boiling chloroform the total evolution of carbon dioxide was much less than 1% of the amount 
which would have been expected from the peroxide-decomposition reaction (v) below. This 
accords with the view that“benzoyl peroxide dissociates initially into two free benzoate radicals 
which, when, as in the present cases, an easily dehydrogenated reactant is present, then either 
abstract a hydrogen atom from the phenol or combine with the transient phenol radical formed 
thereby [(VII) below] : 


(i) Ph-CO-O-0-CO-Ph ==> 2Ph-CO-0: slow 

(ii) Ph-CO-O- + HO-C,H,R —>» Ph-CO-O-H + ‘0-C,H,R) fairly 
(iti) Ph-CO-O- + -O-C,H,R ——> HO-C,H,;R-O-COPh } fast 
(iv) Ph-CO-O- —> Ph: + CO, much slower 


This provides analytical confirmation of Nozaki and Bartlett’s kinetic demonstration that 
thermal decomposition of benzoyl peroxide at moderate temperatures does not accord with the 
simplified equation (v) which was formerly held to account for its phenylating action at 80° or 
over on less active aromatic molecules such as toluene. 


(v) Ph-CO-O-0-CO-Ph —> Ph-CO-0° + Ph* + CO, 


It will be noted that the structures assigned to the oxidised products (II) derived from the 
para-substituted phenols (I) are those of partly benzoylated pyrocatechol derivatives in which a 
benzoyloxy-group occupies the position of the original free hydroxyl group. These structures 
have been confirmed, in each instance, by methylating the free hydroxy] group of the compounds 
(II), using diazomethane in cold ethereal solution, and then comparing the products with 
authentic specimens of the methyl ethers which were synthesised for this purpose by unequivocal 
routes (see the Experimental section). 

Compared with the para-substituted phenols (I), the meta-substituted phenols (III) react 
less rapidly and less smoothly with benzoyl peroxide, but they yield identical products (II), 
though only in 15—20% yield, together with a somewhat higher percentage (70—85%) of 
benzoic acid. A considerable portion of each of the phenols (III; R, = Me, R, = H or Me; 
R, = OMe, R, = H) was converted into a brown tarry material which did not distil at 0:1 mm. 
pressure. 

The conversion of (III) into (II) thus appears to involve the direct introduction of a 
benzoyloxy-group into the aromatic ring, whilst the reactions of type (I) ——> (II) may involve 
a molecular rearrangement, i.e., (I) —-> (IV) ——> (II): 
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It may be recalled that Emil Fischer encountered similar migrations of acyl groups in the course 
of his investigations of depsides. For example, gallic acid, benzoylated in position 3 (IV; 
R, = CO,H, R, = OH), in warm dilute alcoholic alkali yielded its isomer benzoylated in 
position 4 (II; R, = CO,H, R, = OH), and the digallic acids changed configurations in a 
similar way. Fischer (Ber., 1918, 51, 45) suggested that this migration of a benzoyl group toa 
vicinal position might be an intramolecular process involving a cyclic intermediate such as (V), 
and to-day it can clearly be seen that the conversion of (IV) into (V) and thence into (II) can have 
a polar mechanism, similar to that used to depict esterification. Fischer’s molecular rearrange- 
ments were carried out in an ionising solvent and in the presence of hydroxy] ions, which would 
be expected to favour heterolytic processes. In marked contrast to this, our reactions were 
conducted in the non-ionising solvent chloroform with undissociated benzoic acid as the only 
available polar catalyst, and yet, in the case of p-cresol at least, the whole reaction sequence 
proceeds at room temperature. 

On account of the experimental difficulties encountered, only one orvtho-compound (o-cresol) 
was examined. This gave much more tar than did either m- or p-cresol, and there was an even 
greater percentage conversion of the benzoyl peroxide into benzoic acid. From the dark tar 

only a small quantity of resinous material could be separated by distillation at a 

low pressure; this eventually gave about 0°05% of 2-benzoyloxy-m-cresol (VI), 

the structure of which was established in the usual way by methylation and 

direct comparison with a synthetic product made from o-vanillin. It will be 

noted that (VI) is the product of a molecular rearrangement [cf. (I) ——- (II)], 
since the free hydroxyl group has been transferred from position 2 in o-cresol to position 3 in 
(VI). In this case, however, the main product is a complex involatile phenolic resin which is 
insoluble in methanol and could not be separated into pure components. 

Finally the reaction was studied with phenol itself. This, on treatment with one molecular 
equivalent of benzoyl peroxide in hot chloroform gave a dark brown product from which, by 
distillation at a low pressure and subsequent extraction with water, there was obtained about 
4% of a white crystalline solid melting sharply at 117°. Analysis showed that this was the 
monobenzoyl derivative of a dihydroxybenzene. Since on methylation with diazomethane it 
yielded some guaiacy] benzoate it was evidently a mixture; this was confirmed by benzoylation, 
which gave pyrocatechol dibenzoate and a little quinol dibenzoate. An examination of the 
melting-point curve of the binary system pyrocatechol monobenzoate (m. p. 134°) plus quinol 
monobenzoate (m. p. 199°) indicated that the oxidation product which had been isolated from 
phenol contained about 80% of the ortho-isomer. 

Since again the reaction between phenol and benzoyl peroxide yielded chiefly an involatile 
phenolic resin, we would have hesitated to attach significance to this indication of preferential 
ortho-oxidation were it not that in all our other studies of substituted phenols we have obtained 
only products with benzoyloxy-groups in the ortho-position to the hydroxyl groups. Thus our 
whole investigation shows that there is a very strong tendency for benzoyl peroxide to react 
with phenols in the position adjacent to the hydroxyl group. A parallel observation is that of 
Gambarjan (Ber., 1909, 42, 4003) who showed that diphenylamine yields a 2-hydroxy-N-benzoyl 
derivative in similar circumstances. Again, since we have effected these oxidations of sub- 
stituted phenols under conditions which should favour free-radical reactions it is of interest 
that preferential ortho-hydroxylation has been observed also in the oxidations of several aromatic 
compounds by means of the free hydroxyl radical (Merz and Waters, this vol., p. 2427). 

A marked contrast to these results is afforded by Pummerer’s studies of the oxidation of 
alkaline solutions of phenols by means of potassium ferricyanide (Ber., 1919, 52, 1403, 1414; 
1922, 55, 3116; 1925, 58, 1808) and by the work of Fichter and his colleagues on the electrolytic 
oxidation of phenols (Ber., 1914, 47, 2003: Helv. Chim. Acta, 1919, 2, 583). Though these 
workers chose conditions which should give rise to free organic radicals, they obtained chiefly di- 
and poly-phenols and their rearrangement products, rather than simple derivatives of 
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pyrocatechol or quinol. Under their reaction conditions, however, mesomeric phenolic free 
radicals would be the only organic reaction products; these would persist in aqueous solution 
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until they encountered each other and so dimerised. Under our conditions, in contrast, the 
phenolic radicals would be formed in the presence of a much higher concentration of free 
benzoate radicals, with which they would be able to combine directly to give quinonoid products 
easily capable of prototropic change to stable pyrocatechol or quinol derivatives, such as (II), 
(IV), or (VI). 


EXPERIMENTAL, 


Oxidations of p- and m-Cresol.—p-Cresol (10-8 g., 0-1 mol.) and benzoyl peroxide (24-2 g., 0-1 mol.) 
were refluxed for 6 hours in dry, alcohol-free chloroform (100 ml.). The resultant brown solution was 
washed with aqueous sodium hydrogen carbonate until all the benzoic acid (16-7 g., 0-14 mol.) had been 
extracted. Evaporation of the chloroform solution yielded colourless 4-benzoyloxy-m-cresol (8-0 g., 35%) 
(Found: C, 73-3; H, 5-1. C,,H,,0O, requires C, 73-7; H, 5-3%), which crystallised from methanol in 
needles, m. p. 163°. The residual gum was steam-distilled and unchanged p-cresol (2-5 g.) was recovered 
from the distillate (11.). Ina further experiment a stream of purified nitrogen was passed slowly through 
a refluxing solution of p-cresol and benzoyl peroxide (0-05 mol. of each) in chloroform (200 ml.). The 
exit gases were passed through a wash-bottle containing standard barium hydroxide solution; after 54 
hours the total amount of carbon dioxide, thus determined, corresponded to 7-4 ml. of gas at N.T.P. 
(0-67% of the benzoyl peroxide taken). 

Similar quantities of m-cresol and benzoyl peroxide were refluxed for 10 hours in 200 ml. of pure 
chloroform. The resultant deep-brown solution was washed with aqueous sodium hydrogen carbonate 
until all the benzoic acid (16-3 g.) had been extracted. Removal of the solvent under reduced pressure 
yielded a gum which was rubbed with methanol (20 ml.), cooled, and filtered from unchanged benzoyl 
peroxide (5-6 g.). The filtrate was distilled, and the residual gum refluxed with water and filtered hot. 
The brown residue was dried and distilled at 0-1 mm. pressure from an oil-bath at 180°. It gave 4-0 g. of 
the 4-benzoyloxy-m-cresol previously obtained from p-cresol (m. p. and mixed m. p. 161°); it was not 
possible to purify the involatile residue from the vacuum-distillation. 

The structure of monobenzoate (II; R, = Me, R, = H) was established as follows. 

(a) The compound, which distilled unchanged in a vacuum, on treatment with p-aminodimethyl- 
aniline and sodium hypochlorite gave a deep-blue indophenol colour, indicative of a free position para to 
the hydroxyl group. 

(6) When it was refluxed with bromine (2 equivs.) in 5% solution in glacial acetic acid and the resulting 
solution was poured into water, it yielded 2 : 5 : 6-tribromo-4-benzoyloxy-m-cresol, which crystallised from 
aqueous methanol in white needles, m. p. 190° (Found: Br, 51-2. C,,H,O,Br, requires Br, 51-6%). 

(c) 4 G. of the compound, 40 ml. of concentrated hydrochloric acid, and 60 ml. of alcohol were 
refluxed together for 2} hours and the mixture was then distilled from a steam-bath at 30 mm. pressure; 
ethyl benzoate (1-9 g.) distilled off. The residue was dissolved in ether (40 ml.), dried (Na,SO,), and 
shaken for 5 minutes with a suspension of silver oxide, freshly prepared from 9 g. of silver nitrate. The 
solution containing the o-benzoquinone was then filtered into a dry ethereal solution of o-phenylenediamine 
(1-5 g. in 100 ml.) and set aside for 2 days in the presence of anhydrous:sodium sulphate. The filtered 
ethereal solution was washed with small volumes of 2N-hydrochloric acid and 10% sodium hydroxide 
solution until no further colour could be removed. The dried ethereal solution was then evaporated and 
the residue sublimed, whereupon 2-methylphenazine was obtained as fine yellow needles, m. p. 115° 
(Found: C, 80-4; H, 5-3; N, 14-9. Calc. for C,;H,)N,: C, 80-4; H, 5:2; N, 14.4%). Bernthsen and 
Schweitzer (Annalen, 1886, 236, 345) give m. p. 117°. 

(d) 4-0 G. of the monobenzoate in dry ether (400 ml.) were treated with diazomethane (prepared from 
4 ml. of nitrosomethylurethane) at —10°. The mixture was kept for 48 hours, the bulk of the ether was 
then removed, and the remaining solution was extracted with cold 10% sodium hydroxide solution. The 
ethereal layer yielded, on concentration, white crystals of 4-benzoyloxy-m-cresol methyl ether which, on 
crystallisation from methanol, had m. p. 73° (Found: C, 74-4; H, 5-7. Calc. for C,,H,,0,: C, 74-4; 
H, 5-8%) (Nencki, D.R.-P. 57,941, gives m. p. about 75°). This ether (2-4 g.) was refluxed with concen- 
trated hydrochloric acid and alcohol (12-5 ml. of each) for 4} hours and the solution, after dilution with 
10 times its bulk of water, was extracted with ether. 3-Methoxy-p-cresol (0-9 g.) was isolated from the 
ethereal extracts by washing with 10% sodium hydroxide solution. After isolation it was purified by 
distillation under reduced pressure and obtained as a colourless oil, b. p. 103°/11 mm., m}/* 1-5351 (De 
Vries, Rec. Trav. chim., 1909, 28, 282, gives n?° 1-5353). This formed a picrate which crystallised from 
water in orange-red needles, m. p. 111° (Found: C, 45-3; H, 3-5; N, 11-2. Calc. for C,,H,,0,N,: C 
45-7; H, 3-5; N, 11-4%). Schepss (Ber., 1913, 46, 2571) gives m. p. 111—111-5° for this picrate. 

This 1-methyl ether and its derivatives noted above were prepared as follows. Vanillin (8-4 g.), 
hydrazine hydrate (7-2 ml. of 90%), potassium hydroxide (10-5 g.), and diethylene glycol (75 ml.) were 
heated for 90 minutes under a water-condenser (cf. Huang-Minlon, J. Amer. Chem. Soc., 1946, 68, 2487). 
The condenser was then drained and the temperature was maintained at 195° for4 hours. After cooling, 
the mixture was made acid with sulphuric acid and steam-distilled. The distillate yielded 5-7 g. of the 
required phenol, b. p. 103°/12 mm.; the derived benzoate, m. p. 75°, and the picrate, m. p. 111°, had 
unchanged m. p.s after admixture with the products which had been obtained by the oxidation of 
p- and m-cresol. 

Oxidation of m-4-Xylenol and m-5-Xylenol.—m-4-Xylenol (6-1 g., 0-05 mol.) and benzoyl peroxide 
(12-1 g., 0-05 mol.) were refluxed in chloroform (150 ml.) for 7 hours. Benzoic acid (7-5 g., 0-06 mol.) was 
recovered by extraction of the product with aqueous sodium hydrogen carbonate, and after removal of 
the solvent the remaining brown gum was distilled in a vacuum, giving 5-0 g. (40% calc. on the xylenol) of 
4-benzoyloxy-m-5-xylenol (II; R, = R, = Me), b. p. 165°/0-05 mm., which crystallised from aqueous 
methanol in white needles, m. p. 117° (Found: C, 73-9; H, 5-7. C,,;H,,O; requires C, 74:3; H, 5-8%). 

Similarly, m-5-xylenol and benzoyl peroxide, in similar amounts, were refluxed for 15 hours in 
chloroform. Benzoic acid (8-8 g.) was removed as described above, the chloroform was evaporated, and 
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the resultant brown gum was rubbed with methanol to remove unchanged benzoyl peroxide. The 
methanolic solution after concentration was boiled twice with 125 ml. of water to extract unchanged 

lenol, and the gummy residue was filtered hot, dried, and finally distilled at 0-1 mm. pressure from an 
oil-bath at 170—180°. The resulting monobenzoate crystallised from carbon tetrachloride in white 
needles, m. p. 116° unchanged after admixture with the product obtained from m-4-xylenol. The 
residue from the vacuum-distillation was a thick black tar (1-5 g.). 

The structure of the monobenzoate was established as follows. 2-4 G. of the material in dry ether 
(100 ml.) were treated with diazomethane (from 2-5 g. of nitrosomethylurea) at —10° during 48 hours. 
After removal of most of the ether, unchanged phenols were extracted with alkali and the remaining 
ethereal solution was evaporated until there remained an amber oil (1-8 g.) which, by treatment with 
aqueous methanol, gave white needles, m. p. 71°, of 4-benzoyloxy-m-5-xylenyl methyl ether (Found : C, 
15:3; H, 63. CygH,,0, requires C, 75-0; H, 6-3%). This was also synthesised by the following route. 
m-5-Xylenol (65 g.) was mononitrated and the 4-nitro-compound was separated by steam-distillation 
(yield, 27 g.) following the procedure of Auwers and Borsche (Ber., 1915, 48, 1714). This was then 
methylated (cf. Robinson, J., 1916, 1084) and the methyl ether (15 g.) was purified (m. p. 42°). This 
nitro-ether (30 g.) was then reduced by boiling it for 2 hours with stannous chloride (83 g.; fresh 
anhydrous), concentrated hydrochloric acid (250 ml.), and alcohol (250 ml.). After evaporation of the 
liquid under reduced pressure, the residue was made alkaline and distilled in steam. The amine (14-2 g.) 
was finally obtained as a pale brown oil which solidified on cooling. It was diazotised in dilute sulphuric 
acid, and the solution dropped slowly into a mixture of anhydrous sodium sulphate (80 g.), sulphuric acid 
(100 g.), and water (60 ml.) contained in a distilling-flask immersed in an oil-bath at 145°. This temper- 
ature was maintained until no more oil distilled. The distillate was saturated with ammonium chloride 
and extracted with ether. The extracts yielded 5-methoxy-m-4-xylenol (6-9 g.), b. p. 85°/28 mm. This 
was purified by passage through a short column of alumina and it then crystallised from water in felted 
white needles, m. p. 32—33° (Found: C, 71-0; H, 7-85. C,H,,O, requires C, 71-1; H, 7-°9%). It 
formed an unstable picrate from alcoholic solution; this crystallised from methanol in bright red needles, 
m. p. 69° (Found: C, 47-3; H, 3-8. C,;H,,0,N, requires C, 47-3; H, 3-9%). When exposed to the 
air this picrate gradually crumbled toa yellow powder. The methyl ether was benzoylated ; its benzoate, 
m. p. 71°, had an identical m. p. with the product of the benzoyl peroxide reaction described above. 

Oxidation of the Monomethyl Ethers of Quinol and Resorcinol.—Quinol monomethy] ether, b. p. 123°/7 
mm. (2-48 g., 0-02 mol.), and benzoyl peroxide (4-84 g., 0-02 mol.) were refluxed for 7 hours in pure 
chloroform (50 ml.). Extraction with aqueous sodium hydrogen carbonate yielded benzoic acid (3-2 g., 
0-026 mol.). Evaporation of the organic layer gave a gum which on distillation (155°/0-09 mm.) yielded 
2-benzoyloxy-5-methoxyphenol (1-9 g.) which crystallised from carbon tetrachloride in white needles, m. p. 
95° (Found: C, 68-5; H, 4-55. C,,H,,O, requires C, 68-8; H, 4-9%). 

Resorcinol monomethy] ether, b. p. 143°/25 mm. (6-2 g., 0-05 mol.), treated with benzoyl] peroxide in 
a similar way, yielded benzoic acid ios g., 0-086 mol.) and the same benzoyl derivative (b. p. 180— 
190°/0-1 mm.; m. p. 95°) as was obtained from quinol monomethy] ether. 

This benzoyl derivative (2-2 g.) was methylated in dry ether (100 ml.) at —10° with diazomethane 
(from 1-4 g. of nitrosomethylurea), and yielded 4-benzoyloxyresorcinol dimethyl ether (1-3 g.) which 
crystallised from methanol in fine white needles, m. p. 88-5° (Found : C, 69-5; H,5-6. Calc. for C,,H,,0,: 
C, 69-8; H,5-4%). Spath, Pailer, and Gergely (Ber., 1940, 78, 935), who obtained this compound by the 
oxidation of 2 : 4-dimethoxybenzaldehyde, give m. p. 90°; when their preparation was repeated, the 
product had m. p. 88° which was unchanged after admixture with the derivative from either of our 
oxidation products. 

Oxidation of o-Cresol.—o-Cresol (10-8 g., 0-1 mol.) and benzoyl peroxide (24-2 g., 0-1 mol.) were 
refluxed in purified chloroform (200 ml.) for 10 hours. The extraction of the brown tarry solution with 
aqueous sodium hydrogen carbonate yielded 22 g. of benzoic acid contaminated with a little unchanged 
cresol. The chloroform layer was evaporated under reduced pressure; the residue on being rubbed with 
methanol separated into an insoluble resin (containing some unchanged benzoyl peroxide) and a brown 
solution. The latter was evaporated, and the residue was extracted with two 150 ml.-portions of boiling 
water to remove benzoic acid and o-cresol. The small quantity which remained was distilled, and the 
portion vaporising at 115—-200° at 0-08 mm. was collected. It solidified and crystallised from a large 
volume of water as white felted needles, =>, 133° (0-1 g., 0-05%) (Found: C, 73-6; H, 5-1. C,,H,,0, 
requires C, 73-7; H, 5-2%). Quantities of this 2-benzoyloxy-m-cresol (VI) were accumulated. It was 
sparingly soluble in cold water, but very soluble in cold alcohol and in cold sodium hydroxide solution. 
It gave no colour with ferric chloride. 0-55 G. was methylated with diazomethane in dry ether, and the 
methyl ether was isolated as a pale yellow oil which after distillation (b. p. ca. 140°/0-04 mm.) congealed 
to an almost colourless glass (0-15 g.). This did not solidify after storage in a refrigerator, but when a 
portion which had been dissolved in the minimum amount of light petroleum (b. p. 40—60°) was seeded 
with 2-benzoyloxy-m-cresol methyl ether (see below) several platy crystals separated. These melted at 
56° and gave no depression of the m. p. of the seeding substance. A specimen of 3-benzoyloxy-o-cresol 
methyl ether was not effective for seeding the solution of the reaction product. The authentic comparison 
substances were prepared as follows. (a) o-Vanillin (12-6 g.) was reduced to 3-methoxy-o-cresol by the 
Huang-Minlon procedure (cf. above), and the product (8g.; b. p. 101°/15mm.; m. p. 41°) was benzoylated 
in pyridine. There was obtained a viscous oil, b. p. 150—155°/0-03 mm., which, when rubbed with cold 
10% sodium hydroxide solution, sglidified and then crystallised from light petroleum (b. p. 80—100°) in 
white plates of 2-benzoyloxy-m-oredyi methyl ether, m. p. 58° (Found : C, 74-8; H, 5-8. C,sH,,O, requires 
C, 74:4; H, 58%). 3-Benzoyloxy-o methyl ether was made from 3-nitro-o-cresol by methylation, 
reduction, and conversion into 2-methoxy-m-cresol (cf. Limpach, Ber., 1891, 24, 4136); benzoylation in 
pyridine then gave white needles (from light petroleum), m. p. 54° (Found : C, 74:7; H, 6-0%). 

Oxidation of Phenol with Benzoyl Peroxide.—Phenol (12 g.) and benzoyl peroxide (31 g.) were refluxed 
for 10 hours in pure chloroform (200 ml.). The deep-brown solution, on extraction with aqueous sodium 
hydrogen carbonate, yielded 31 g. of benzoic acid contaminated with a little phenol. Evaporation of 
the chloroform layer yielded a brown tar which was rubbed with a little methanol to remove resin and 
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unchanged benzoyl peroxide. The methanolic solution was evaporated and the residue was boiled with 
two 100 ml.-portions of water. The insoluble remainder was distilled at 0-05 mm. from an oil-bath at 
120—200°, and the distillate was crystallised from a large volume of hot water. White felted needles of 
m. p. 117° were obtained (0-88 g.) (Found: C, 72-6; H, 4-7; OBz, 52-2. Calc. for C,,H,,O,: C, 72-9: 
H, 4:7; OBz, 49-1%). These needles were very soluble in cold sodium hydroxide solution and in 
alcohol; they gave no colour with aqueous or alcoholic ferric chloride. The product (3-0 g.) was 
methylated with diazomethane (2 equivs.) in dry ether. After 4 days the solution was washed with cold 
10% sodium hydroxide solution, and the methyl ether (2-2 g.) was thus isolated as a thick oil which 
finally solidified when rubbed with cold aqueous alkali. It crystallised from light petroleum (b. p. 80— 
100°) in needles, m. p. 57°, which did not depress the m. p. of an authentic specimen of guaiacyl benzoate 
m. p. 59°). 
( The oxidation product (1-2 g.) from phenol was also benzoylated in boiling pyridine. The product 
which solidified, was dissolved in the minimum amount of hot alcohol, and on cooling to room temperature 
deposited white needles (0-1 g.) of quinol dibenzoate, m. p. and mixed m. p. 199°. The alcoholic mother 
liquors, on cooling to —5°, deposited pyrocatechol dibenzoate (1-0 g.) as colourless plates, m. p. and mixed 
m. ° . 
Authentic specimens of the monobenzoates of pyrocatechol and resorcinol were then prepared. From 
the m. p.s of synthetic mixtures of these substances the approximate composition of the reaction product 
of m. p. 117° was deduced as 80% pyrocatechol monobenzoate plus 20% of quinol monobenzoate. Little 
weight can be attached to this composition in view of the complicated procedure involved in the 
separation of the reaction product of m. p. 117°. 


This work was undertaken at the request of the Road Tar Research Committee of the Department of 
Scientific and Industrial Research. One of us (S. L. C.) thanks this Department for a Maintenance 
Grant. 
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671. Synthesis of Fluoranthenes. Part III. Cyclisation of Aryl- 
butadienes. Syntheses of 1: 3-Dimethyl- and of 1:2: 3-T'rimethyl- 
naphthalene. 


By S. Horwoop TuckEr, (Miss) MARGARET WHALLEY, and (in part) JAMES Forrest. 


Phenylbutadienes have been cyclised by means of hydrogen bromide and stannic chloride. 
The products have been converted, by dehydrogenation—demethylation, into 1 : 3-dimethyl- 
naphthalene. Thisand 1 : 2 : 3-trimethylnaphthalene can be synthesised from the condensation 
product of benzyl methyl ketone and cyanoacetic ester. 1: 2: 3-Trimethylnaphthalene has 
been synthesised from hemimellitene. 


Michael addition products from benzyl cyanide and of mesityl oxide and ethylideneacetone 
have been isolated. 


TuE following work describes new and improved methods for synthesing methylated naphthalenes 
which were required for use in synthesis of methylated fluoranthenes (Forrest and Tucker, J,, 
1948, 1137; Tucker and Whalley, this vol., pp. 50, 632). 

. 1:3-Dimethylnaphthalene has already been synthesised from m-xylene and _ succinic 
anhydride (Krollpfeiffer and Schafer, Ber., 1923, 56, 620; Barnett and Sanders, J., 1933, 434; 
Heilbron and Wilkinson, J., 1930, 2539; Ruzicka and Ehmann, Helv. Chim. Acta, 1932, 15, 140). 

The same method when applied to hemimellitene (1 : 2 : 3-trimethylbenzene) gave 1 : 2 : 3-tri- 
methylnaphthalene (low overall yield). We assume that hemimellitene condenses with succinic 
anhydride to give B-(2 : 3 : 4-trimethylbenzoyl) propionic acid although the possibility of formation 
of the 3:4: 5-trimethyl analogue cannot be excluded. Since the end product, 1: 2: 3-tri- 
methylnaphthalene, will be the same from either isomer, no attempt was made to separate them. 
Reduction of the above by the Clemmensen method gave rise to y-hemimellitylbutyric acid, 
cyclised by 80% sulphuric acid to 1-keto-5: 6: 7-trimethyl-1 : 2 : 3: 4-tetrahydronaphthalene, 
which was reduced to 1: 2: 3-trimethyl-5 : 6: 7: 8-tetrahydronaphthalene, dehydrogenated by 
selenium to 1 : 2 : 3-trimethylnaphthalene. 

1 : 3-Dimethylnaphthalene can be readily prepared by cyclisation of butadiene derivatives 
by the method first used by Tucker and Whalley (loc. cit., p. 632) in the synthesis of fluoranthene 
derivatives. Mesityl oxide and benzylmagnesium chloride give 1-phenyl-2 : 4 : 4-trimethyl- 
butadiene (I; R, = R, = Me) (Fellenberg, Ber., 1906, 39, 2064), cyclised by either (a) treatment 
of its benzene solution with hydrogen bromide, followed by addition of stannic chloride, to give 
1: 1: 3-trimethyl-1 : 2(or 1: 4)-dihydronaphthalene (11) (83% yield); or, (6) by boiling with 
hydriodic acid in glacial acetic acid, to give, presumably, 1: 1 : 3-trimethyl-1 : 2: 3 : 4-tetra- 
hydronaphthalene. Of the two possible isomeric forms of the dihydronaphthalene (II), 1 : 2-is 
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more probable than 1 : 4-dihydro- since in the former the double bond is conjugated with the 
benzene ring, a mesomerically more stable configuration than that in the 1 : 4-dihydro-isomer in 
which the double bondisisolated. 1: 2-Dihydronaphthalene has a higher resonance energy, 1.¢., 
is more stable than’1 : 4-dihydronaphthalene (Fieser in Gilman’s ‘“‘ Organic Chemistry,’’ 1938, p. 
94; Syrkin and Diatkina, Acta Physicochim. U.R.S.S., 1941, 14, 105). The dihydronaphthalene 
(II), as also the corresponding tetrahydronaphthalene, underwent dehydrogenation— 
demethylation to give 1 : 3-dimethylnaphthalene. 


Similarly, ethylideneacetone reacted with benzylmagnesium chloride to give 1-phenyl-2 : 4-di- 
methylbutadiene (I; R, = H, R, = Me), which, by means of hydrogen bromide and stannic 
chloride followed by dehydrogenation, gave 1 : 3-dimethylnaphthalene (poor yield). Under this 
treatment 1-phenylbutadiene gave a polymer. 

As far as we are aware, the only comparable cyclisation of a phenylated butadiene—and the 
resemblance is formal only—is the conversion of dibenzylidenesuccinic anhydride (III; R = H), 
by exposure to sunlight in presence of iodine, into 1-phenylnaphthalene-2 : 3-dicarboxylic 
anhydride (IV; R = H) (Stobbe, Ber., 1907, 40, 3372). Baddar, El-Assal, and Gindy (J., 1948, 
1270) converted, by light or heat treatment, the corresponding methoxy] derivative (III; R = 
OMe) into the compound (IV; R = OMe), but it will be noted that in this cyclisation a molecule 
of hydrogen is simultaneously eliminated (see also Baddar and El-Assal, zbid., p. 1267). 

In the cyclisation we are now reporting—as in the comparable diene-cyclisation of 4-fluorenyl- 
idene-2-methylpent-2-ene to 2: 4 : 4-trimethyl-1 : 4-dihydrofluoranthene (Tucker and Whalley, 
loc. cit. there is no migration of methyl groups. Cyclisation of (I; R, = R, = Me) by means 
of hydriodic acid in acetic acid, followed by dehydrogenation and demethylation, gave 1 : 3-di- 
methylnaphthalene, but no trimethylnaphthalene was detected; although in the comparable 
cyclisation of the above-mentioned 4-fluorenylidene-2-methylpent-2-ene the hydriodic acid 
treatment gave directly 2:3: 4-trimethylfluoranthene—a result paralleled in the work of 
Kloetzel (J. Amer. Chem. Soc., 1940, 62, 3405), who found that cyclisation of diols by means 
of acidic reagents (hydrogen fluoride, sulphuric acid, and even 85% phosphoric acid) gave 
tise to the expected gem-dimethylnaphthalene derivatives and simultaneously to the 
corresponding trimethylnaphthalenes produced by migration of a methyl group from the 
gem-dimethy]l grouping to an adjoining unmethylated carbon atom. Kloetzel also found that 
heating 1: 1 : 4-trimethyl-1 : 2 : 3: 4-tetrahydronaphthalene with sulphur or selenium effected 
dehydrogenation and removal of methyl of the gem-dimethyl grouping to give 1 : 4-dimethyl- 
naphthalene—a result corresponding to our synthesis of 1: 3-dimethylnaphthalene. Jitkow 
and Bogert (J. Amer. Chem. Soc., 1941, 63, 1979) demethylated analogous compounds to 
1: 3-dimethylnaphthalene (cf. also Ruzicka and Rudolph, Helv. Chim. Acta, 1927, 10, 918). 

The preparation of benzylmagnesium chloride has been considered troublesome (Houben, 
Ber., 1903, 36, 3084; Hell, ibid., 1904, 37, 455; cf. Klages, ibid., 1904, 37, 1449; 1905, 38, 2220, 
footnote 5). Hilpert and Griittner (Ber., 1914, 47, 178) indicated that dibenzyl is produced if 
the reagents are pure: in comparable reactions they recommend incompletely dried ether and 
non-activated magnesium (see also Brown and Jones, J., 1946, 781). There certainly is a definite 
tendency towards dibenzyl formation, more marked still with p-alkoxy-derivatives of benzyl 
chloride (Van Campen, Meisner, and Parmerter, J. Amer. Chem. Soc., 1948, 70, 2296). Gilman, 
Zoellner, and Dickey (ibid., 1929, 51, 1576, 1583; Rec. Trav. chim., 1935, 54, 584) found that, by 
using six equivalents of ether, benzylmagnesium chloride could be obtained in 93% yield (see 
also Austin and J. R. Johnson, J. Amer. Chem. Soc., 1932, 54, 647). We find that by using 
pure reagents, and no magnesium activator, slightly opalescent solutions containing >90% 
yields of benzylmagnesium chloride can be obtained (cf. Cusa and Kipping, J. Soc. Chem. Ind., 
1934, 53, 213). 

Another method of synthesis of 1 : 3-dimethylnaphthalene, which can be adapted for the 
synthesis of 1 : 2 : 3-trimethylnaphthalene, was suggested by the work of Cope (J. Amer. Chem. 
Soc., 1941, 68, 3452), who condensed benzy! methyl ketone with ethyl cyanoacetate to give ethyl 
(1-benzylethylidene)cyanoacetate which by hydrogenation gave ethyl «-cyano-$-benzylbutyrate 





3196 Tucker, Whalley, and Forrest: 


(V; R=H). Cope’s method of simultaneous condensation and hydrogenation (ibid., 1944, 66, 
886) gave a lower yield. Hydrolysis of (V; R = H) with a mixture of aqueous sulphuric and 
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acetic acids, and decarboxylation to give $-benzylbutyric acid, followed by cyclisation, yielded 
1-keto-3-methyl-1 : 2: 3: 4-tetrahydronaphthalene (VI, R =H). The Grignard reaction on 
(VI; R=H) of methylmagnesium iodide gave 1-hydroxy-1 : 3-dimethyl-1: 2: 3: 4-tetva- 
hydronaphthalene (VIL; R =H). Inthis preparation excess of Grignard reagent had to be used : 
when theoretical quantities of reactants were used the 3-methyltetralone (VI, R = H) was 
recovered unchanged. Dehydration and dehydrogenation gave 1 : 3-dimethylnaphthalene. 

The synthesis of 1 : 2: 3-trimethylnaphthalene has been accomplished from (V; R = H) 
by treatment with sodium ethoxide and methyl iodide (2 mols.) to give ethyl a-cyano-8-benzyl-a- 
methylbutyrate (V; R= Me). Hydrolysis and cyclisation, as above, led to 1-keto-2 : 3-dimethyl- 
1:2:3: 4-tetvahydronaphthalene (V1; R= Me) which, by the action of methylmagnesium 
iodide, gave 1-hydroxy-1 : 2: 3-trimethyl-1 : 2: 3: 4-tetrahydronaphthalene (VII; R = Me), 
with accompanying dehydration product. The mixture on dehydrogenation by selenium gave 
1: 2: 3-trimethylnaphthalene. 

Attempts were made to prepare 1 : 3-dimethylnaphthalene from the condensation product 
of benzyl cyanide and mesityl oxide, viz., 4-keto-1-phenyl-2 : 2-dimethylamyl cyanide, but it 
could not be cyclised. Benzyl cyanide and ethylideneacetone gave the corresponding 4-eto-l- 
phenyl-2-methylamyl cyanide: it likewise failed to cyclise. Ethyl phenylacetate did not react 
with mesityl oxide. This investigation is being continued. 


EXPERIMENTAL. 


1 : 3-Dimethylnaphthalene was synthesised by Barnett and Sanders’s method (Joc. cit.) with slight 
improvements. {-(2 : 4-Dimethylbenzoyl)propionic acid was prepared in the usual way from m-xylene 
(11-7 g., 0-11 g.-mol.), succinic anhydride (10 g., 0-1 g.-mol.), and aluminium chloride (30 g., 0-28 g.-mol.) 
in s-tetrachloroethane (36 ml.) and crystallised from benzene; m: p. 111—112° (lit. 114°) (84%). 
y-(2 : 4-Dimethylpheny]l) butyric acid was prepared by boiling the above acid (20-6 g.), lightly amalgamated 
zinc (65 g.), concentrated hydrochloric acid (240 ml.), and glacial acetic acid (100 g.) under reflux for 
6hours. The acid was crystallised from petroleum (b. p. 60—80°), m. p. 74° (lit. 77°) (18 g., 93%). 

1-Keto-5 : 7-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene was prepared by keeping y-(2 : 4-dimethyl- 
phenyl) butyric acid (2-4 g.), phosphorus pentachloride (2-9 g.), and benzene (2 ml.) at room temperature 
for 15 minutes and then on the boiling water-bath for 30 minutes, adding this mixture to a cold solution 
of stannic chloride (3 ml.) in benzene (3 ml.), and leaving the whole for 15 minutes. Working up in the 
usual way gave, after distillation (b. p. 164°/10 mm.) and freezing, 1-keto-5 : 7-dimethyl-1 : 2 : 3 : 4-tetra- 
hydronaphthalene (1-35 g., 62%), m. p. 46°. Itgavea 2 : 4-dinitrophenylhydrazone in dark scarlet prisms 
from methylene dichloride; m. p. 270—271° (decomp.) (Found: C, 60-8; H,5-0; N,15°7. C,,H,,0,N, 
requires C, 61-0; H, 5-1; N, 15-8%). 

5: 7-Dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene was prepared from the keto-compound by reduction 
as given above for £-(2 : 4-dimethylbenzoyl)propionic acid (yield 75%; in absence of acetic acid, 50%). 
It was dehydrogenated by heating with sulphur at +220° for 3 hours to give 1 : 3-dimethylnaphthalene 
(60%), b. p. 125—135°/10 mm. (Jitkow and Bogert, Joc. cit., give 126—142°/10 mm.; Herzenberg and 
Ruhemann, Ber., 1927, 60, 889, give 121—126°/10 mm.). It afforded a picrate, m. p. 115—117° (Barnett 
and Sanders, Joc. cit., give m. p. 118°), and a s-trinitrobenzene complex. 

[With James Forrest.] 1: 2: 3-Tvimethylnaphthalene from Hemimellitene.—B-(2 : 3 : 4-Trimethyl- 
benzoyl)propionic acid. WHemimellitene (17 g.) and succinic anhydride (17 g.) in chlorobenzene were 
treated with aluminium chloride (54 g.). After standing overnight the complex was treated with 
ice and hydrochloric acid (and ether, 10 ml.). The organic layer was washed as usual, sodium carbonate 
added, the chlorobenzene removed in steam, and the aqueous residue acidified to give B-(2 : 3 : 4-trimethyl- 
benzoyl) propionic acid, which crystallised from benzene-petroleum (b. p. 60—80°) in needles, m. p. 142— 
145° (10-5 g., 30%) (Found: C, 70-8; H, 7-5. C,;H,,03 requires C, 70-9; H, 7-3%). 

y-(2 : 3: 4-Trimethylphenyl)butyric Acid.—The above acid (10-5 g.) was heated for 7 hours with zinc 
(80 g.) in concentrated hydrochloric acid and acetic acid (2:1 by vol.; 450 ml.), the solution being 
saturated at intervals with hydrogen chloride. The butyric acid crystallised from petroleum (b. p. 60— 
80°) in rhombs, m. p. 95° (7 g., 80%) (Found: C, 75-6; H, 8-7. C,3H,,O, requires C, 75-7; H, 8-7%). 

1-Keto-5 : 6 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene. The above acid (7 g.) was heated with 
80% sulphuric acid (83 ml.) on the boiling water-bath, with frequent shaking, for 15 hours, the mixture 
poured into water and extracted with chloroform, and unchanged acid recovered by shaking the chloroform 
extract with sodium carbonate solution. After removal of chloroform the residue solidified, and the 
ketone crystallised from methanol in pale yellow rhombs, m. p. 52—53° (4-5 g., 70%) (Found : C, 82-8; 
H, 8-7. C,3H,,O requires C, 83-0; H, 8-5%). The 2: 4-dinitrophenylhydrazone was obtained as dark 
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orange crystals (from anisole), m. p. ~210° (Found: C, 61-7; H, 5-2; N, 15-3. C,,H,,O,N, requires 
C619: H, 5-4; N, 15:2%). a 

5:6: 7-Trimethyl-1 : 2 : 3: 4-tetrahydronaphthalene was obtained from the above keto-compound 
(4:5 g.) (Clemmensen method, as above) as an oil, b. p. 185—137°/11 mm. (2-3 g., 55%). 

1:2:3-Trimethylnaphthalene. 5:6: 7-Trimethyl-1 : 2:3: 4-tetrahydronaphthalene (2-3 g.) was 
heated with selenium (2-05 g.) at 300° for 3 hours. 1:2: 3-Trimethylnaphthalene (0-8 z., 35%) was 
obtained, b. p. 155—160°/10 mm. The picrate, styphnate, and s-trinitrobenzene complex corresponded 
in properties with those reported in the literature. ; 

Synthesis of 1 : 3-Dimet yinaphthalene from 1-Phenyl-2 : 4: 4-trimethylbutadiene (I; R, = R, = Me). 
—Benzylmagnesium chloride was prepared in the usual way from pure magnesium (24 g., 1 atom), benzyl 
chloride (126-5 g., 1 mol.), and ether (622 ml., 6 mols.). The benzyl chloride was prepared by saturating 
commercial benzyl chloride with dry hydrogen chloride, washing with water, drying (CaCl,), and distilling 
twice in vacuum. The ether was purified by shaking with a small amount of alkaline silver nitrate 
solution for 10 minutes (Werner, Analyst, 1933, 58, 335), washing with water, drying (CaCl,), distilling, 
drying over sodium wire, distilling, and preserving in filled bottles containing a copper wire reaching to 
the top. It was distilled from phosphoric oxide before use. With these reagents there was no need to 
activate the magnesium (by iodine or other means) and the solution of benzylmagnesium chloride obtained 
was clear of black particles and only faintly opalescent. Estimation by Gilman’s method showed that 
the yield of reagent was >90%. _ ; 

i-Phenyl-2 : 4 : 4-trimethylbutadiene (I; R, = Rg = Me). Mesityl oxide (32-6 g.) was added to the 
benzylmagnesium chloride solution with stirring and at such a rate that the mixture boiled gently. After 
boiling for 10 minutes longer, the cooled mixture was treated with hydrochloric acid (1:1) and washed 
with water in the usual way, then, without drying, the whole was distilled. After ether and dissolved 
water had passed over, the residual carbinol decomposed to: give the required diene, which distilled at 
235—250°/765 mm.; redistillation in vacuum gave l-phenyl-2 : 4: 4-trimethylbutadiene, b. p. 116— 
118°/10 mm. (39-5 g.; 70% calculated on benzyl chloride), n}$ 1-555 (Found: C, 90-6; H, 91. Calc. 
for C,;H,,: C, 90-7; H,9-3%). It gaveascarlet solution when added to a yellow solution of 2 : 4 : 7-tri- 
nitrofluorenone in xylene, but no stable complex could be isolated. It did not give an addition product 
with maleic anhydride. Oxidation with sodium dichromate in dilute sulphuric acid solution gave 
benzoic acid. It could not be hydrogenated in presence of Raney nickel, but in presence of palladium— 
charcoal (5%) (Cheronis and Levin, J. Chem. Educ., 1944, 21, 603) (2 g.) in ethanol (10 ml., treated with 
Raney nickel) the diene (1-72 g.) absorbed 432 ml. of hydrogen (theory, 448 ml.) in 5 hours, after which 
absorption ceased. The isolated 2 : 4-dimethyl-l1-amylbenzene (4-amyl-m-xylene) has b. p. 105°/10 mm. 
(Found : C, 88-7; H, 11-3. C,3Hy. requires C, 88-6; H, 11-4%), nf? 1-488. 

Cyclisation of 1-phenyl-2 : 4: 4-trimethylbutadiene (1; R, = Ry = Me) fo 1:1 : 3-trimethyl-1 : 2(or 
1: 4)-dihydronaphthalene (II). (a) 1-Phenyl-2: 4 : 4-trimethylbutadiene (I; R, = R, = Me) (8-6 g.) in 
sodium-dried benzene (20 ml.) containing phenyl-8-naphthylamine (0-01 g.) (Grummitt and Becker, J. 
Amer. Chem. Soc., 1948, '70, 149) was cooled in ice-salt and saturated with hydrogen bromide (from 
tetralin and bromine and passed over red phosphorus and phosphoric anhydride) in ca. 20 minutes: the 
gas was passed for another 20 minutes. Then cooled stannic chloride (6 ml.) in benzene (10 ml.) was 
added in portions, and the black-red solution left for 2-5 hours in the freezing mixture and finally for 0-5 
hour at room temperature. The liquid was treated with concentrated hydrochloric acid (and ether) 
several times, then with 5% sodium hydroxide solution, and washed thoroughly with water. The pale 
yellow liquid when heated under atmospheric pressure evolved much hydrogen bromide and gave 
1: 1: 3-trimethyl-1 : 2(or 1 : 4)-dihydronaphthalene (II), which distilled at 235—240°/ 760 mm.; it was 
redistilled, b. p. 116—120°/11 mm. (7-15 g., 83%) ; nj? 1-551 (Found: C, 90-5; H, 9-4. C,;H,, requires 
C, 90-7; H, 9-3%). It gave a deep red coloration when mixed with an acetic acid solution of 2 : 4 : 7-tri- 
nitrofluorenone. Hydrogenation of 1 : 1 : 3-trimethyl-1 : 2-dihydronaphthalene (II) (1-72 g.) in presence 
of 5% palladium-charcoal (224 ml. of hydrogen absorbed, i.e., theoretical for one double bond) gave rise 
to 1:1: 3-trimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene, b. p. 116°/10 mm., n}? 1-515 (Found: C, 89-5; H, 
10-3. C,,;H,, requires C, 89-6; H, 10-4%). It gave no colour change when mixed with an acetic acid 
solution of 2 : 4: 7-trinitrofluorenone. 

(b) 1-Phenyl-2 : 4 : 4-trimethylbutadiene (I; R, = R, = Me) (10 g.) was boiled under reflux with a 
solution of hydriodic acid (d 1-70; 8 ml.) in glacial acetic acid (25 ml.) for 10 hours. The mixture was 
treated with sulphurous acid and extracted with ether. Distillation gave a colourless oil which, after 
being heated with sulphur at 220°, gave 1 : 3-dimethylnaphthalene (0-9 g.; 10%). 

Dehydrogenation—demethylation of 1:1: 3-trimethyl-1:2(or 1:4)-dihydronaphthalene (II). The 
naphthalene (II) (6-88 g.) was boiled with selenium (3-16 g.) for 12 hours. The liquid was distilled, then 
distilled from copper, and heated in benzene with sodium for 3 hours. Distillation gave 1 : 3-dimethyl- 
naphthalene, b. p. 125—135°/10 mm. (3-2 g., 51%) (overall yield from benzyl chloride, 30%). With 
2:4: 7-trinitrofluorenone it gave a complex, orange-red prisms, which, after repeated recrystallisation 
from ethyl acetate, had m. p. 142—145° (Found: C, 58-1; H, 3-0; N, 10-6. C,,H,,2C,,;H,O,N; 
requires C, 58-0; H, 2-8; N, 10-7%). 

1 : 3-Dimethylnaphthalene from \-Phenyl-2 : 4-dimethylbutadiene.—An ethereal solution of benzyl- 
magnesium chloride (containing }4 g.-mol. of the reagent, prepared from benzyl chloride, 22-1 g.; 
magnesium, 4-25 g.; and ether, 100 ml.) was treated with ethylideneacetone (14 g., 4 g.-mol.), and the 
mixture left overnight. After the usual treatment 1-phenyl-2 : 4-dimethylbutadiene, b. p. 110—115°/20 
mm. (13-7 g., 48%), was isolated (Found: C, 91-1; H, 8-6. C,,H,, requires C, 91-1; H, 8-9%). 
Cyclisation, followed by dehydrogenation by selenium (at 300°), gave a small amount of 1 : 3-dimethyl- 
naphthalene, identified as its s-trinitrobenzene complex. 

Synthesis of 1: 3-Dimethylnaphthalene from Benzyl Methyl Ketone and Ethyl Cyanoacetate-—Ethyl 
(1-benzylethylidene)cyanoacetate. Benzyl methyl ketone (Newman and Booth, J. Amer. Chem. Soc., 1945, 
67, 154) (2 : 4-dinttrophenylhydvazone, orange needles from ethyl acetate, m. p. 150—152°. Found: C, 
57-5; H, 4:6; N, 17-75. C,;H,,O,N, requires C, 57-3; H, 4:5; N, 17-8%) was condensed with ethyl 
cyanoacetate in presence of glacial acetic acid, ammonium acetate, and benzene (Cope, 1941, Joc. cit.), the 
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water produced being removed in a separator (Dean and Stark, Ind. Eng. Chem., 1920, 12, 456) containing 
a long-legged funnel which forced condensed benzene and water to run to the bottom of the separator, 

Replacement, in the above, of acetic acid and acetate by trichloroacetic acid and ammonium trichloro- 
acetate reduced the reaction time but did not improve the yield (73%). 

Ethyl a-cyano-B-benzylbutyrate (V; R =H). Ethyl (l-benzylethylidene)cyanoacetate (18 g.) was 
hydrogenated in ethanol by use of palladium—strontium carbonate (Polgar and Robinson, /J., 1945, 393) or 
of palladium-—charcoal (Cheronis and Levin, loc. cit.). The oil obtained, after filtration of catalyst and 
evaporation of ethanol, was washed with dilute hydrochloric acid (to remove traces of amine produced by 
reduction of the cyano-group), extracted with benzene, and distilled to give ethyl a-cyano-B-benzylbutyrate 
(V; R=H,), b. p. 168—170°/7 mm. (148 g., 82%) (Found: C, 72-9; H, 7-2; N, 6-3. C,,H,,0,N 
requires C, 72-7; fi, 7-4; N,6-1%). Simultaneous condensation and hydrogenation effected by shaking 
benzyl methyl ketone (13-4 g.), ethyl cyanoacetate (11-3 g.), ammonium acetate (0-8 g.), glacial acetic acid 
(2 g.), ethanol (25 ml.), and palladium-charcoal (1 g.) with hydrogen until the theoretical volume had 
been absorbed (25 hours) gave a greatly reduced yield (7-0 g., 30%). 

B-Benzylbutyric acid (V; Hfor R,CN, and Et). Ethyl a-cyano-f-benzylbutyrate (10 g.), glacial acetic 
acid (20 ml.), concentrated sulphuric acid (10 ml.), and water (10 ml.) were heated under reflux together 
(7 hours). Dilution with water, extraction with carbon tetrachloride, and distillation gave B-benzyl- 
butyric acid, a pale yellow oil, b. p. 275—277° (7-1g.; 84%) (Found: C, 74-3; H,7-7. Calc. forC,,H,,0,: 
C, 74-2; H, 7-9%). 

1-Keto-3-meihyl-1 : 2:3: 4-tetrahydronaphthalene (VI; R =H). Phosphorus pentachloride (11-2 g.) 
was added in portions to a solution of B-benzylbutyric acid (8 g.) in dry benzene (80 ml.). After standing 
for 1 hour at room temperature, the mixture was heated on a steam-bath for 5 minutes, cooled in a freezing 
mixture, and a solution of anhydrous stannic chloride (12-4 g.) in benzene (12-4 ml.) added rapidly with 
swirling ; an orange-red complex separated. After standing for 15 minutes in ice-water, the mixture was 
decomposed by a mixture of hydrochloric acid (40 ml.), ice, and ether (5 ml.). The benzene layer was 
washed with dilute acid, water, and then with 5% sodium hydroxide solution, and again with water, 
Distillation gave 1-keto-3-methyl-1 : 2: 3 : 4-tetrahydronaphthalene (VI; R = H) (6-8 g., 94%). The 
2 : 4-dinitrophenylhydrazone crystallised from benzene in scarlet needles, m. p. 241—242° (Found: C, 
60-1; H,4-5. Calc. forC,,H,,0,N,: C, 60-0; H,4:7%). Its semicarbazone crystallised from methanol 
in salmon-brown, rectangular plates, m. p. 179—188° (Found: C, 66-1; H, 6-8; N, 19-4. Calc. for 
C,,H,,ON,: C, 66-4; H, 6-9; N, 19-4%) (Jones and Ramage, /., 1938, 1857, give 242° and 189°, 
respectively, for these two derivatives, cf. Weygand and Schréder, Ber., 1941, 74, 1848). 

1-Hydroxy-1 : 3-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene (VIL; R =H). An ethereal solution of 
methylmagnesium iodide [magnesium (6 g., 0-25 g.-atom), methyl iodide (35-5 g., 0-25 g.-mol.), and ether 
(150 ml.)} was added slowly to a cooled solution of 1-keto-3-methyl-1 : 2 : 3 : 4-tetrahydronaphthalene 
(10 g., 0-06 g.-mol.) in ether (10 ml.). After standing overnight, the mixture was decomposed with 
ammonium chloride solution, and the ethereallayerseparated. Distillation gave l-hydroxy-1 : 3-dimethyl- 
1:2:3: 4-tetrahydronaphthalene (VII; R = H), a pale yellow liquid, b. p. 103—105°/0-9 mm. (7-25 g., 
66%) (Found: C, 82-0; H, 8-8. C,,H,,O requires C, 81-8; H, 9-1%). 

1 : 3-Dimethylnaphthalene. The above carbinol (VII; R =H) (9-0 g.) and anhydrous potassium 
hydrogen sulphate (9-0 g.) were heated at 150° till no more water collected in the upper part of the tube 
(3 hours). On cooling, the potassium hydrogen sulphate was removed, and the liquid product dehydro- 
genated (palladium-—charcoal; 220—260°; 3 hours). The product was extracted with ether and 
1 : 3-dimethylnaphthalene obtained (7-0 g., 86%) (picrate, m. p. 115—-117°; s-trinitrobenzene complex, 
m. p. 132—134°). 

Synthesis of 1:2: 3-Trimethylnaphthalene.—Ethyl a-cyano-B-benzyl-a-methylbutyrate (V; R = Me). 
Ethyl a-cyano-8-benzylbutyrate (V, R = H) (18 g.) was slowly added to a solution of sodium ethoxide 
prepared from sodium (3 g.) and ethanol (63 ml.)._ Methyl iodide (18 g.) was then added, and the mixture 
heated under reflux for 2 hours. After removal of ethanol and treatment with water, an oil was obtained 
which after distillation, b. p. 160—162°/12 mm., consisted essentially of the ester (V; R = Me) (l6g., 
84%). It was impure, as shown by analysis (Found: C, 75-5; H, 6-9. C,,;H,,0,N requires C, 73-5; H, 
7-8%). 

B-Benzyl-a-methylbutyric acid (V; R = Me, H for CN and Et) was prepared by hydrolysis of the 
above butyrate (V; R = Me) (16 g.) with sulphuric acid (16 ml.), acetic acid (32 ml.), and water (16 ml.) 
by boiling for 24 hours. It was obtained as a yellow oil, b. p. 278—281°/754 mm. (12 g.,95%). A white 
solid separated from this oil: it proved to be an acid amide, since on treatment with sodium nitrite and 
80% sulphuric acid it gave 1-keto-2 : 3-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene. 

1-Keto-2 : 3-dimethyl-1 : 2: 3 : 4-tetrahydronaphthalene. Cyclisation of B-benzyl-a-methylbutyric acid 
by means of phosphorus pentachloride and stannic chloride, as above, yielded this ketone, b. p. 155— 
160°/11 mm. (yield 92%) (Found: C, 82-5; H, 8-0. C,,H,,O requires C, 82-8; H, 8-0%). Its 2: 4-di- 
nitrophenylhydrazone crystallised (ethyl acetate) in small red needles, m. p. 201—203° (Found: C, 60-9; 
H, 5-0; N, 16-0. C,,H,,0,N, requires C, 61-0; H, 5-1; N, 15-8%). 

1-Hydroxy-1 : 2 : 3-trimethyl-1 : 2: 3: 4-tetrahydronaphthalene. The action of excess of methyl- 
magnesium iodide on 1-keto-2 : 3-dimethyl-l : 2: 3 : 4-tetrahydronaphthalene (10 g.), as above, gave 
mainly 1l-hydroxy-1 : 2: 3-trimethyl-l : 2:3: 4-tetrahydronaphthalene, mixed with its dehydration 
product, as an oil, b. p. 120—125°/9 mm. (6 g.). 

1 : 2: 3-Tvimethylnaphthalene. The above, crude 1-hydroxy-1 : 2: 3-trimethyl-l : 2:3: 4-tetra- 
hydronaphthalene (10 g.) was heated with selenium for 5 hours at 300°. The residue was extracted with 
benzene ; distillation gave 1 : 2 : 3-trimethylnaphthalene (5 g., 55%) (picrate, m. p. 141—142°; styphnate, 
m. p. 142—144°). The s-trinitrobenzene complex crystallised (ethanol) in yellow needles, m. p. 154—156° 
(Found: N, 10-9. C,,H,,O,N, requires N, 11-0%). 

Michael Addition of Benzyl Cyanide to aB-Unsaturated Ketones.—4-Keto-1-phenyl-2 : 2-dimethylamyl 
cyanide. Benzyl cyanide (6 g.) was added slowly with vigorous shaking to a mixture of mesityl oxide 
(5 g.) and benzyltrimethylammonium hydroxide (35% solution, 2 ml.). The reaction mixture was 
heated on the boiling water-bath for 20 minutes and then set aside for 2 hours. Dilute hydrochloric acid 
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precipitated the keto-cyanide, m. p. 94—96° (ethanol) (85% yield) (Found: C, 78-0; H, 7-8; N, 6-7. 
C,H1,ON requires C, 78-1; H, 7-9; N, 65%). It gave a semicarbazone, m. p. 185—187°, from benzene 
(Found : C, 66-4; H, 7-4; N, 20-6. C,H»ON, requires C, 66-2; H, 7-3; N, 20-6%), also a 2 : 4-dinitro- 
phenylhydrazone, m. BR 187—188°, orange prisms from benzene (Found: C, 61-0; H, 5-4; N, 17-7. 
CoH ,0,N; requires C, 60-7; H, 5-3; N, 17-7%). When the base used in the above condensation was 
replaced by 50% potassium hydroxide solution or by powdered potassium hydroxide (vigorous reaction), 
yields of condensation product were 75% and 70%, respectively. The cyanide (2 g.) was hydrolysed by 
heating on a boiling water-bath for 1 hour with glacial acetic acid (4 ml.), concentrated sulphuric acid 
(4 ml.) and water (4 ml.), and gave prisms from benzene-petroleum (b. p. 60—80°) of 5-keto-a-phenyl-BB-di- 
methylhexoic acid, m. p. 84—86° (Found: C, 71-6; H, 7-6. C,,H,,O3; requires C, 71-8; H, 7-7%). 
Unsuccessful attempts were made to cyclise 4-keto-1-phenyl-2 : 2-dimethylamyl cyanide by means of 
hydrogen bromide in a mixture of glacial acetic acid and its anhydride (cf. France, Tucker, and Forrest, 
J., 1945, 7; Forrest and Tucker, J., 1948, 1137) and also by means of hydriodic acid solution in glacial 
acetic acid. 

4-Keto-1-phenyl-2-methylamyl cyanide was prepared (yield, 25%) from benzyl cyanide and ethylidene- 
acetone as described for the homologous cyanide. It crystallised from ethanol, m. p. 92—94° (Found : 
C, 77:7; H, 7-6; N, 7-0. C,;H,,ON requires C, 77-6; H, 7-5; N, 70%). It gave a 2: 4-dinitvo- 
phenylhydrazone in light orange, feathery clusters of needles from ethyl acetate, m. p. 186—188° (Found : 
C, 60-0; H, 5-2; N, 18-1. C,.H,,0O,N, requires C, 59-9; H, 5-0; N, 18-4%). 

Ethyl phenylacetate and mesityl oxide did not combine under the conditions above-mentioned. 


We thank the Donaldson Trustees and the Department of Scientific and Industrial Research for 
grants to one of us (M. W.), and Mr. J. M. L. Cameron for the microanalyses. 


UNIVERSITY OF GLASGOW. (Received, August 20th, 1949.] 





672. The Nature of a Cyclitol isolated from Macrozamia Riedlei. 
By N. V. Riacs. 


Crude macrozamin from Macrozamia Riedlei contains sequoyitol, a mesoinositol mono- 
methyl ether. Consideration of the periodate oxidation favours the view that sequoyitol is 
the 2-methyl ether rather than the 5-methy] ether. 


For a recent structural study the toxic nitrogenous compound macrozamin was isolated from 
the Western Australian plant Macrozamia Riedlei (Lythgoe and Riggs, this vol., p. 2716). The 
crude product had a low optical rotation, and this was traced to the presence of an impurity 
which could be removed by extraction with methanol, in which macrozamin is insoluble. From 
the cooled methanolic extract a substance separated as colourless leaflets, m. p. 237—238° 
(Found: C, 43°6; H, 776; OMe, 15°4. Calc. for CgH,,0;,-OCH,;: C, 43°3; H, 7°3; OMe, 
16°0%). It was nitrogen-free, optically inactive, had no reducing properties, and did not 
give Molisch’s reaction. Its aqueous solutions were neutral, and it was not affected by treat- 
ment with hot dilute acid or alkali, or by reagents for carbonyl compounds. Acetic anhydride 
and pyridine converted it into a penta-acetate, which formed long needles, m. p. 200—201°5°, 
from ethyl acetate-light petroleum (Found: C, 50°3; H, 5:4. Calc. for C,,H,,0,,: C, 50°5; 
H, 60%). 

These properties agree with those of sequoyitol, a monomethyl ether of mesoinositol, 
isolated from Californian redwood, Sequoia sempervirens, by Sherrard and Kurth (J. Amer. 
Chem. Soc., 1929, 51, 3139). These authors recorded for sequoyitol m. p. 234—235° and for 
its penta-acetate m. p. 198°; demethylation of sequoyitol by hot hydriodic acid yielded meso- 
inositol. Similar treatment of the substance from M. Riedlei also gave mesoinositol, m.p. 
222—-224° (hexa-acetate m. p. 216°), so that the identity of this substance with sequoyitol 
seems certain. 

Some years after the first isolation of sequoyitol, mesoinositol was shown by Posternak 
(Helv. Chim. Acta, 1942, 25, 746) and by Dangschat and Fischer (Naturwiss., 1942, 30, 146) 


to have the configuration 76° and sequoyitol, which is almost certainly a meso-compound 


must therefore be the 2- or 5-methyl ether. Some light is thrown on the orientation of the 


methoxyl group by the course of the oxidation of sequoyitol with sodium metaperiodate, shown 
in the following table. 


Time (hours) 
Periodate consumed (mols.) ...........:ssesseeeeeeeees 
Strong acid * liberated (equivs. per mol.) ......... 3-17 


* Determined by using methyl-red as indicator. 
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The above results may be compared with those obtained by Fleury, Poirot, and Fievet 
(Compt. rend., 1945, 220, 664) on the periodate oxidation of the parent compound mesoinositol, 
Both compounds consume periodate and liberate strong acid rapidly at first, then the periodate 
consumption becomes slower, and the titre of strong acid remains constant; at the end of the 
reaction the amount of periodate which has been used is greater, and the amount of strong acid 
liberated is less, than would be expected if only simple «-glycol fission took place. Fleury and 
his co-workers (loc. cit.) isolated, from the oxidation products of mesoinositol, both formic acid 
and glycollic acid; the latter acid reacted slowly and incompletely with periodate, without 
change in the acid titre. The overall reaction was therefore assumed to occur by an initial 
fission of mesoinositol into two molecules of tartrondialdehyde, which rearranged rapidly to 
hydroxypyruvaldehyde; this was cleaved in its turn to glycollic and formic acid. 

It is difficult to explain the course of the oxidation of sequoyitol if the latter is formulated 
as mesoinositol 5-methyl ether, since if, as is usual, cis-«-glycol groups react faster than trans- 
systems, and if the intermediate methoxymalondialdehyde undergoes hydroxylation and 
fission (Huebner, Ames, and Bubl, J. Amer. Chem. Soc., 1946, 68, 1621), then not less than 4 
equivalents of strong acid should be formed per mole of sequoyitol oxidised. If, however, 
sequoyitol is the 2-methyl ether of mesoinositol (I), it contains only trans-a-glycol systems, and 
the course of the oxidation can be explained by the following reactions, in the first of which 
the molecule is split into tartrondialdehyde and methoxymalondialdehyde : 


OHC-CH(OMe)‘CHO to,’ OMe ” H-CO,H 
+ —> OHCC:‘CHO —— 4 
OHC-CH(OH)-CHO (a) OHC-CO,Me 


| 


210,’ 
HO:CH,°CO-CHO OHC-‘CO-CHO ——> 2H-CO,H 


5 - 
{00 MeOH co, 
HO-CH,CO,H 210,’ 
+ H-CO,H + CO, 
H-CO,H (¢) 
Reaction (c) is slow and incomplete, requiring ca. 1°3 moles of periodate (Fleury, Poirot, and 
Fievet, loc. cit.). Reactions (a) and (b) represent alternative paths for the oxidation of the 
intermediate compound (II); probably both occur simultaneously, leading to the observed 
uptake of ca. 6 moles of periodate and the liberation of <4 g.-equivalents of strong acid per mole 
of sequoyitol. The increase in periodate uptake, and the decrease in strong acid liberated after 
47 hours from the start of the experiment, are probably due to the slow oxidation of formic 
acid noted by Huebner and his co-workers (/oc. cit.). 
These results therefore favour the structure (I) for sequoyitol. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, August 30th, 1949.] 





673. The Action of 8-Amylase on Amylopectin and on Glycogen. 
By T. G. Hatsati, E. L. Hirst, L. Houcu, and J. K. N. Jones. 


The action on waxy maize starch, waxy sorghum starch, and rabbit-liver glycogen of crude 
B-amylase prepared from wheat flour has been compared with that of crystalline B-amylase, 
and the limit dextrins so obtained have been examined. The starch limit dextrins produced 
by the crystalline enzyme have much higher molecular weights than those given by the crude 
enzyme, but the ratio of terminal to non-terminal glucose residues present in the dextrins is 
the same (approx. 1:10). About 50% of the glucose residues of the original polysaccharide 
are eliminated by the action of the enzyme, leaving, both for starches and for glycogen, a 
limit dextrin containing twice the proportion of end-groups originally present. 


RECENT advances in knowledge of the chemical structure of starch and glycogen have served 
to promote a greater understanding of the action of the amylases on these polyglucoses 
(cf. Myrback and Sillen, Nature, 1949, 163, 410). The experimental evidence indicates that 
B-amylase attacks amylose from the non-aldehydic end of the chain (Hanes, Canadian J. Res., 
1935, 186, 185; Myrback and Ahlborg, Biochem. Z., 1941, 307, 132, 140) and that the degradation 
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process involves complete hydrolysis to maltose, probably as a result of the liberation of 
successive terminal maltose residues. On the other hand the amylopectin component, which 
has a ramified structure and a very high molecular weight (10° or greater), is only partly 
converted by $-amylase into maltose and gives rise to a dextrin, designated limit dextrin or 
a-amylodextrin, which is resistant to §-amylase (cf. Kerr, ‘‘ Chemistry and Industry of Starch,” 
New York, 1944, p.8; Meyer, Bernfeld, Rathgeb, and Giirtler, Helv. Chim. Acta, 1948, 31, 1536). 
It is considered that 8-amylase attacks from the non-reducing ends of the chains, removing the 
terminal maltose residues until the branching points are reached, whereupon hydrolysis ceases and 
side chains are left consisting of one, two, or perhaps three glucose residues. This limit dextrin 
is of interest from a structural viewpoint since it is believed to contain the branching points 
of the parent polysaccharide. Many workers (Haworth, Hirst, Kitchen, and Peat, /J., 1937, 
791; Haworth, Hirst, and Waine, J., 1935, 1299; Meyer, Bernfeld, and Press, Helv. Chim. 
Acta, 1940, 23, 1465) have examined its properties, in particular by the methylation method, 
in order to determine the proportion of terminal glucose residues present in the dextrin. In 
most of this work the source of the limit dextrin has been whole starch and in these circumstances 
the structural conclusions are valid only if the amylose component has been converted 
completely into maltose. Unless special precautions are taken there is some uncertainty 
about this in view of the tendency for amylose to undergo retrogradation into the insoluble 
form, which is not attacked by $-amylase (Meyer, Bernfeld, Giirtler, and Noelting, Helv. Chim. 
Acta, 1948, 31, 108). It is necessary also to be sure of the purity of the enzyme, since it would 
appear from the present experiments that traces of a-amylase can appreciably affect the 
molecular weight of the resulting dextrin. These considerations probably account for some 
of the differences which have been reported to exist between dextrins prepared from different 
starches and from different samples of the same type of starch. Another possibility which 
has not been sufficiently stressed in discussions on the structure of these substances is that 
the study of starches of different botanical origins has not yet progressed sufficiently to 
permit a decision as to whether or not the various amylopectin components are structurally 
identical. 

Ungerminated cereal grains form the most useful source of 8-amylase and, in some cases, 
have been reported to be entirely devoid of «-amylase (Mills and Bailey, Cer. Chem., 1938, 15, 
351). On the other hand, Hopkins, Murray, and Lockwood (Biochem. J., 1946, 40, 507) are of 
the opinion that 8-amylase prepared from ungerminated cereals is always contaminated with a 
little «-amylase. We have carried out many extractions of f-amylase from ungerminated 
wheat grains, but all these were observed to contain slight traces of «-amylase which could not 
be removed. The soya bean has been reported to be a source of 8-amylase free from «-amylase 
(Newton, Hixon, and Taylor, Cer. Chem., 1943, 20, 23). Nevertheless, in the course of many 
experiments we invariably found appreciable a-amylase activity in the aqueous extract of 
soya flour, thus confirming Teller’s observations (J. Biol. Chem., 1936, 114, 425). 

The limit of maltose formation from native and soluble starches obtained by various 
workers varies from 59 to 67%. Solutions of solubilised starch have been most widely used as 
substrates for amylolytic degradation, but this procedure introduces complications since the 
starch may have undergone structural changes during the process of solubilisation. We have 
observed, however, that intensively dried starch gives clear solutions closely resembling those 
of soluble starch and forms a suitable substrate for amylolytic degradation. The starch 
granules are apparently disrupted during the desiccation process, thus facilitating both 
dispersion in water and reaction with f-amylase. The preparation of the substrate is important 
and in order to ensure homogeneity we have forced the starch paste through a homogeniser 
before the addition of the enzyme. 

A sample of dried potato starch was treated at pH 4°8 with an amorphous #-amylase 
(prepared from ungerminated wheat flour) which had been treated previously with 20% aqueous 
alcohol for 18 hours, in order to inactivate as far as possible the a-amylase and maltase. 
Hydrolysis proceeded rapidly until the reducing power reached a constant value corresponding 
to 60—62% conversion into maltose. The crude limit dextrin (A) obtained by precipitation 
with alcohol was fractionated by redissolving it in water and adding increasing quantities of 
alcohol. A main fraction was precipitated at a concentration of 40—45% of alcohol, and 
smaller fractions possessing different properties were precipitated at higher and at lower 
alcohol concentrations. Investigation of the main fraction by the periodate oxidation method 
and the methylation method of end-group assay gave respectively 10—11 and 12—13 glucose 
residues per non-reducing end group. These figures closely resemble those obtained by 
Haworth, Hirst, Kitchen, and Peat (loc. cit.), who found by the methylation method 11—12 
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glucose residues per non-reducing end group for a number of specimens of a-amylodextrin, 
A similar figure (10) has been reported by Swanson (J. Biol. Chem., 1948, 172, 825) as the result 
of colorimetric studies of the iodine complex of the limit dextrin. Since the results of end- 
group assay by the methylation method are in close agreement with those obtained by the 
potassium periodate oxidation method, it follows that no appreciable proportion of the 
glucopyranose residues in the limit dextrin (A) can be linked to other residues solely through 
the positions C,,, and C,.). 

In order to avoid complications from the amylose component of whole starch, the action of 
wheat $-amylase at pH 4°8 on waxy maize starch, which contains a negligible proportion of 
amylose (Bourne and Peat, this vol., p. 5) has been investigated. The properties of the resulting 
limit dextrin (B) have been compared with those of another limit dextrin (C), prepared by 
using crystalline 8-amylase isolated from sweet potatoes (Balls, Thomson, and Walden, /. Biol. 
Chem., 1946, 163, 571). The crystalline 8-amylase was supplied to us through the kindness 
of Dr. A. K. Balls. 

The limit dextrin (B), isolated after 54% conversion of the waxy maize starch into maltose 
by an amorphous wheat $-amylase preparation containing a trace of «-amylase, was shown, 
by the potassium periodate method, to give one mole of formic acid per 10 glucose residues, 
Since a yield of 12% of tetramethyl methylgucoside was obtained on hydrolysis of the 
methylated derivative, indicating one non-reducing terminal glucopyranose residue per 
9 glucose residues, it follows that the formic acid produced by periodate oxidation must have 
come from the non-reducing terminal residues only. Glucopyranose residues linked solely 
through C,,, and C,,, are therefore not present in the dextrin. The waxy maize starch itself 
possesses one non-reducing terminal residue per 22 glucose residues. 

The limit dextrin (C) prepared from the same sample of waxy maize starch, by the action 
of crystalline 8-amylase, had a very high molecular weight, since it gave a methylated derivative 
the viscosity of which in m-cresol indicated a molecular weight of at least 4 x 105, it being 
assumed that the viscosity-M relationship is the same as for amylopectin. The dextrin itself 
dissolved in water only with difficulty, giving an extremely viscous solution, which gave a 
deep reddish-purple colour with iodine, whereas a solution of limit dextrin (B) gave a red colour. 
Fractionation experiments indicated that dextrin (C) was essentially homogeneous. The 
limit dextrin (B) (prepared by use of the non-crystalline enzyme) was much more soluble in 
water than limit dextrin (C), required a larger concentration of alcohol for its precipitation 
from aqueous solution, and gave solutions of low viscosity. These observations indicate that it 
was of lower molecular weight. Dextrin (C) was shown by potassium periodate oxidation to 
possess one terminal non-reducing glucose residue per 11 glucose units, this result being 
strikingly similar to that obtained for the limit dextrin (B). The products obtained after 
53% conversion into maltose during the hydrolysis of waxy maize starch with crystalline 
B-amylase were examined by the method of paper partition chromatography (Partridge, 
Nature, 1946, 156, 270), maltose alone being detected. These results suggest that the action 
of a trace of «-amylase in the B-amylase is to lower the molecular weight of the resulting dextrin, 
without affecting the proportion of end groups. 

The properties of another limit dextrin (D), prepared by the action of crystalline f-amylase 
on waxy sorghum starch, another natural amylopectin, were very similar to those of the limit 
dextrin (C) obtained from waxy maize starch. This dextrin (D) dissolved with difficulty in 
water, giving very viscous solutions, and was homogeneous according to the evidence of 
fractionation experiments. Oxidation with a solution of potassium periodate indicated that 
one in 12 of the glucose residues was so combined that it gave formic acid. This figure is slightly 
higher than that for the waxy maize starch limit dextrin and it is of interest that the original 
waxy sorghum starch had 25 glucose residues per non-reducing end group, as compared with 
22 for waxy maize starch. 

The action of crystalline B-amylase on waxy sorghum starch resulted in 52% conversion 
into maltose. This figure may be compared with those recorded by Meyer, Bernfeld, Rathgeb, 
and Giirtler (Helv. Chim. Acta, 1948, 31, 1540), who prepared corn amylopectin by electro- 
dialysis of defatted autoclaved corn starch, dissolved it in alkali, and degraded the solution at 
pH 5°3 with an amorphous $-amylase prepared from wheat. The limit of hydrolysis 
corresponded to 62% conversion into maltose, which is a higher value than had been recorded 
previously. 

The limit dextrin prepared from rabbit-liver glycogen by the action of non-crystalline wheat 
6-amylase differed markedly from the waxy starch dextrins. It gave a limpid aqueous solution 
which was scarecly coloured on addition of iodine. With potassium periodate this dextrin 
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(designated E in the Experimental section) gave one mole of formic acid per 9 glucopyranose 
residues. Its fully methylated derivative gave on methanolysis 2 : 3 : 4 : 6-tetramethyl methyl- 
glucoside in 12% yield, corresponding to 10 glucose residues per non-reducing end group, 
whereas the original glycogen contained 18 glucose residues per non-reducing end group 
(Haworth, Hirst, and Isherwood, J., 1937, 577; Halsall, Hirst, and Jones, J., 1947, 1399). 
Another sample of this rabbit-liver glycogen was treated with crystalline f-amylase, and the 
limit dextrin (F) was isolated after 53% conversion of the polysaccharide into maltose. This 
dextrin had properties similar to those of the glycogen dextrin (E). On oxidation with 
potassium periodate it gave one mole of formic acid per 10 glucose residues. It is especially 
noteworthy that Meyer and Fuld (Helv. Chim. Acta, 1941, 24, 375) have reported that a sample 
of glycogen possessing one end group per 11 glucose residues was degraded by $-amylase to the 
extent of 47% maltose and that the limit dextrin which resisted further attack by $-amylase 
had one terminal group per 5:5 glucose residues. 

These results provide further evidence for the view that $-amylase acts by successive 
removal of maltose molecules from the branched chains present in amylopectin and in glycogen 
but is incapable of attacking the glucosidic linkages at the points of branching. In each branch 
it leaves at least one glucose residue which is present in the limit dextrin as an end group and, 
in the instances studied, some 50% of the glucose residues were eliminated, leaving limit dextrins 
containing twice the proportion of end groups present in the original polysaccharide. The 
observations could be explained either on the basis of a statistical average of branches of 
various lengths randomly attached to each other or by an ordered arrangement of chains of 
fixed length attached to each other near their mid-points, but the present evidence affords no 
means of making a decision. Even a trace of a-amylase activity profoundly affects the 
molecular size of the limit dextrins, and the need for caution in the interpretation of enzymic 
experiments is emphasised. 

A new factor has emerged in the observation that the amylopectin limit dextrins obtained 
by the action of crystalline f-amylase have very high specific viscosities which differentiate 
these dextrins sharply from glycogen and glycogen limit dextrins, and thus invalidate the 
argument used by Meyer, Bernfeld, Boissonas, Giirtler, and Noelting (J. Physical Coll. Chem., 
1949, 58, 328) in favour of one particular (irregularly branched) form of the accepted ramified 
structure for amylopectin and glycogen. On the other hand amylopectin and glycogen display 
close chemical resemblances in that f-amylase removes similar proportions of maltose from 
both, and in both cases the limit dextrins contain double the proportion of end groups possessed 
by the parent substance. The structural differences which give rise to this behaviour still await 
elucidation. The viscosities of these solutions render it probable that glycogen molecules are 
spherical in shape in contrast to amylopectin molecules to which the Staudinger viscosity 
relationships are applicable, suggesting a linear type of structure. These properties, together 
with the work of Bell (J., 1948, 992) with its implication that C,,—C,,, links may be present in 
glycogen, suggest that this polysaccharide may possess a multibranched structure of the type 
suggested by Meyer for amylopectin, whereas a more open, less branched structure may be 
presentin amylopectin. Thesimplest form of ramified structure is the one depicted by Haworth, 
Hirst, and Isherwood, (J., 1937, 578), but it has never been claimed by the authors that this 
particular modification provides the only possible interpretation of the experimental evidence. 
Using it as a model, however, we see that the structure can be written as a linear macromolecule 
with short side chains, as indicated in the figure, in which ABC, BDE, etc., represent sets of 

20 glucose residues united linearly through C,,, and 

Cy. At A, B, D, etc., the free reducing group of 

one set is attached glucosidically to C,,. of one of the 

middle glucose residues of another set, giving a linear 

molecule....ABD....withside chains BC, DE 

Such a macromolecule would be expected to follow the 
Staudinger viscosity laws but, owing to the side chains, with a constant, K,,, different from 
that for cellulose, and this has indeed been found to be the case for methylated starch derivatives 
(Hirst and Young, J., 1939, 1471). The disaggregation of methylated amylopectin to material 
of lower molecular weight but containing the same proportion of end groups (Bawn, Hirst, 
and Young, Trans. Faraday Soc., 1940, 36, 880) must also be considered in connection with 
the structure of amylopectin, and on the present evidence this phenomenon is difficult to 
reconcile with the idea of an irregularly multiple-branched structure for this polysaccharide. 
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EXPERIMENTAL. 


The crystalline B-amylase used in these experiments was kindly provided by Dr. A. K. Balls of the 
Enzyme Research Laboratory of the United States Department of Agriculture. The crystals (40 mg.) 
were received suspended in ca. 0-8 saturated ammonium sulphate solution (pH 3-8—3-9) and had been 
isolated from sweet potatoes. They were dissolved in water (100 c.c.), and the solution was kept at 0° 
covered with a layer of toluene to maintain aseptic conditions. No a-amylase was present (Wijsman’s 
test). The absence of maltase was shown as follows. A solution of maltose (0-198%; 40 c.c.) was 
mixed with acetate buffer (pH 4-8; 5 c.c.) and enzyme solution (0-25 c.c., diluted to 5 c.c. with water), 
The reducing power was then determined by Somogyi’s method (J. Biol. Chem., 1945, 160, 61), and 
again after the solution, covered with an aseptic layer of toluene, had been in the incubator at 37° for 
44 hours. At the same times the reducing powers of a solution of water (40 c.c.), acetate buffer (pH 
4:8; 5 c.c.), and enzyme solution (0-25 c.c. diluted to 5 c.c.) and of a solution of water (45 c.c.) and 
acetate buffer (pH 4-8; 5 c.c.) were determined, the solutions being kept under the same conditions as 
the maltose solution. The amount of copper reduced was determined by the iodometric method and the 
free iodine was titrated with 0-005N-sodium thiosulphate solution: 


Time of 0-005Nn-Na,S,O, used (c.c. per 5 c.c. of solution). 
incubation, hrs. Maltose solution. Blank solution. Enzyme solution. 
0-0 1-61 4-63 4-64 
44 1-63 4-64 4-61 


These results show that maltase activity is absent, that the enzyme itself has no reducing powder, and 
that it did not develop reducing power on storage. 

Waxy Maize Starch Limit Dextrin.—Waxy maize starch (9-99 g. dry weight) was made into a cream 
with water (130 c.c.) and was poured into water kept just below 100°. The dispersed starch was kept 
at this temperature for 30 minutes, after which the solution was cooled and acetate buffer (pH 4-8; 
50 c.c.) and enzyme solution (20 c.c.) were added. The solution was covered with a layer of toluene 
and was kept at 37° in the incubator for 70 hours. The reducing power of a 5-c.c. sample of solution, 
determined by the hypoiodite method of Jeanloz (Helv. Chim, Acta, 1946, 29, 57), then corresponded to 
the conversion of 53% of the starch into maltose. The limit dextrin was precipitated from solution by 
addition of methyl alcohol (1-5 1.) and was separated on the centrifuge. It was hardened under methyl 
alcohol, powdered, filtered off, washed with methyl alcohol and ether, and dried (yield, 4-6 g.). The 
solution left after the separation of the dextrin was evaporated to a syrup, which was examined 
by the paper chromatographic technique. Maltose was the only sugar found. The syrup deposited 
crystalline maltose monohydrate, [a}]p +129°, final value in water (c, 0-5). 

The limit dextrin (4-6 g,) was dissolved in hot water (125 c.c.), giving a viscous solution, and cooled; 
alcohol was then added slowly with stirring. When 50 c.c. of alcohol had been added (making 
the alcohol concentration 28%) precipitation began. The dextrin solution was then set aside 
overnight, after which the supernatant liquid was decanted. The solid was hardened under methyl 
alcohol, powdered, filtered off, washed with methyl alcohol and ether, and dried (fraction I, 4-4 g.). 
More alcohol (150 c.c.) was added to the mother-liquor (alcohol concentration then 62%) whereupon a 
very slight precipitate was deposited (ca. 50 mg.). 

Fraction (I) of the dextrin had the following properties: [a]}’ +161° in n-sodium hydroxide 
(c, 0-43). Its aqueous solution was neutral and gave a deep reddish-purple colour with iodine. The 
reducing power was negligible; ash content, nil. The limit dextrin (Fraction I) (230-6 mg.) was 
dissolved in water (110 c.c.) containing potassium chloride (5 g.), and sodium metaperiodate solution 
(0-3m.; 10 c.c.) was added. The oxidation and the determinations of the resulting formic acid were 
carried out according to the procedure already described (jJ., 1947, 1399). After 150 hours 5-4 mg. of 
formic acid had been formed, corresponding to one mole of formic acid per 11 glucose residues. 

Methylation of Waxy Maize Starch Limit Dextrin.—The limit dextrin (fraction I) (2-4 g.) was dissolved 
with stirring in cold aqueous sodium hydroxide (3N.; 50 c.c.). The viscous solution was stirred 
rapidly and 40% aqueous sodium hydroxide (100 c.c.) and methyl sulphate (50 c.c.) were added gradually 
at room temperature. A vigorous reaction occurred. Stirring was continued overnight, acetone was 
then added, and the partly methylated dextrin preferentially dissolved in the acetone layer, which was 
separated. Two more methylations under similar conditions were carried out and the methylated 
dextrin was isolated by pouring its solution in acetone into boiling water, with stirring. The precipitated 
dextrin was purified by dissolution in acetone, and evaporation of the filtered solution to dryness under 
reduced pressure (yield, 1-7 g.); [a]p +208° in chloroform (c, 0-18) ; The. 1-30° in m-cresol (c, 0-4). If 
the viscosity-M relationship observed for methylated starch (J., 1939, 1475) holds in this case, the 
molecular weight would be ca. 400,000 (Found: OMe, 42-3%). 

Waxy Sorghum Starch Limit Dextrin—Waxy sorghum starch (10-0 ¢. dry weight) was converted 
into the limit dextrin by the method described above. The solution was incubated at 37° and the 
reducing power was determined by the hypoiodite method after 2} hours and after 44 hours. 
The conversion into maltose at these times was 50-5 and 51%, respectively. The dextrin was 

recipitated from solution by addition of methyl alcohol (1-5 1.) and was separated on the centrifuge. 

t was hardened under methyl alcohol and then powdered, filtered off, washed with methy] alcohol and 
ether, and dried (yield, 4-75 g.). The residual solution was evaporated to a syrup (5:3 g.), from which 
maltose monohydrate was obtained, [a]p +129° (equilibrium value in water). Examination of the 
syrup by the paper chromatographic technique showed that maltose alone was present. 

The dextrin was dissolved in water (125 c.c.), giving a viscous solution. Ethyl alcohol (50 c.c.) was 
added, and the solution became less viscous but no precipitation occurred. A further portion of alcohol 
(25 c.c.) was added (alcohol concentration 37%) and the dextrin separated asa jelly. After the addition 
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’ of a further quantity of alcohol (25 c.c.) the dextrin was isolated by decanting the supernatant liquid (X). 


The dextrin was hardened under methyl alcohol, powdered, filtered off, washed with methyl alcohol 
and ether, and dried (fraction A, 4-5 g.); [a]#? +154° in N-sodium hydroxide (c, 0-45); reducing power, 
nil; ash, nil. The aqueous solution of the limit dextrin was neutral and gave a deep reddish-purple colour 
with iodine. A sample of this material (230-6 mg.) was dissolved in water (110 c.c.) containing 
potassium chloride (5 g.), and sodium metaperiodate solution was added (0-3m.; 10c.c.). The oxidation 
was then carried out as in the case of waxy maize starch dextrin (Found, after 150 hours: formic acid, 
5-3 mg., corresponding to the formation of one mole of acid per 12 glucose residues). Addition of further 
alcohol to the supernatant liquor X (above) caused the precipitation of less than 0-1 g. of a sticky solid. 
Evaporation of the liquor left only a trace of syrup. 

Dextrin from Rabbit-liver Glycogen.—Rabbit-liver glycogen (9-160 g.) was dissolved in water 
(215 c.c.), and acetate buffer (pH 4-8; 25 c.c.) and enzyme solution (10 c.c.) were added. The solution 
was covered with a layer of toluene and kept at 37° in the incubator for 45 hours. The reducing power 
of a 5-c.c. portion was determined by the hypoiodite method and corresponded to the conversion of 
53% of the glycogen into maltose. The dextrin was then precipitated by addition of ethyl alcohol 
(1-5 1.). The supernatant liquid was decanted, and the dextrin was hardened, powdered, filtered off, 
washed with methyl alcohol and ether, and dried as described previously (yield, 4-15 g.). The super- 
natant liquid was evaporated to a syrup from which maltose monohydrate ([a]p +129°, equilibrium 
value in water) was obtained (yield, 5-1 g.). Examination of the syrup by the method of paper 
chromatography showed that maltose was the only sugar present. 

The glycogen limit dextrin was dissolved in water (100 c.c.), giving a limpid, slightly opalescent 
solution. Ethyl alcohol (50 c.c.) was added; the opalescence increased slightly but no precipitation 
occurred. A further portion of ethyl alcohol (25 c.c.) (alcohol concentration, 43%) was added and 
towards the end of the addition a gummy material was precipitated. The solution was decanted and 
methyl alcohol was added to the precipitate to harden it. The product was powdered, washed, and 
dried as usual (fraction I, 4-1 g.). Ethyl alcohol (100 c.c.) was added to the decanted liquor, and on 
storage a small amount of material (<0-05 g.) separated and was removed. On addition of a further 
portion of alcohol (100 c.c.) no precipitate was obtained. On evaporation of this liquor only a trace of 
gummy material was obtained. 

Fraction I of the limit dextrin from glycogen had the following properties: [a]?? +161° in n-sodium 
hydroxide (c, 0-55); its aqueous solution was neutral and gave no colour with iodine; reducing power, 
nil; ash, nil. This limit dextrin (219-6 mg.) was dissolved in water (110 c.c.) containing potassium 
chloride (5 g.), and sodium metaperiodate solution (0-30M.; 10 c.c.) was added. The oxidation and 
the determination of the resulting formic acid were carried out by the method already described (Found 
after 150 hours: formic acid, 5-9 mg., corresponding to the formation of one mole of acid per 10 glucose 
residues). 

Preparation of B-Amylase from Soya Flour.—Soya flour (75 g.) was shaken for 18 hours with 20% 
aqueous alcohol (350 c.c.). The insoluble material was removed on the centrifuge, and the alcohol 
concentration of the extract increased to 65%. The white flocculent precipitate was separated on the 
centrifuge, washed with alcohol and ether, and dried under reduced pressure over phosphoric oxide. 
The light brown powder (ca. 1 g.) was stored at 0°. Both a- and B-amylase were detected by Wijsman’s 
method. After several hours’ incubation with maltose at pH 4-8, no increase in reducing power was 
found and hence maltase was absent. 

Attempts to remove the a-amylase by fractional precipitation with alcohol were unsuccessful. 

Preparation of B-Amylase from Wheat Flour.—Wheat flour (100 g.), prepared by milling ungerminated 
wheat grains, was shaken with 20% aqueous alcohol (350 c.c.) for 1 hour, the solid was removed on the 
centrifuge, and the solution shaken for a further 18 hours. The alcohol concentration of the extract 
was raised to 50%, the precipitate was removed by centrifuging, and the alcohol concentration of the 
chilled extract increased to 80%. The resulting precipitate was isolated by centrifuging, washed 
with alcohol and ether, and dried under reduced pressure over phosphoric oxide for 24 hours; yield, 
ca.1g. The white B-amylase powder was kept at 0°. 

a-Amylase activity was tested for by Wijsman’s method. A small area of colourless gelatin was 
found and hence a trace of a-amylase was present. Maltase activity was tested for by the method 
described above. After several hours’ incubation no increase in reducing power was found. Hence 
maltase activity was absent. 

Action of Wheat B-Amylase on Potato Starch.—Dry potato starch (50 g.) was stirred with cold water 
(125 c.c.), and the thin cream so produced poured with stirring into boiling water (500 c.c.). The 
resultant starch solution was put through a homogeniser in order to ensure that all the starch 
was dispersed. The pH of the solution was adjusted to 4:8, and a 1% solution of wheat f-amylase 
powder (125 c.c.) added. A little toluene was added, and the whole incubated at 37°. The hydrolysis 
was followed by determining the reducing power of the reaction mixture by the alkaline hypoiodite 
reagent. After 2 hours there was no further change in the reducing power, which corresponded to 
60—62% conversion into maltose. Alcohol (2 1.) was added to the solution, and the white 
sticky precipitate hardened by heating under reflux with methyl alcohol. The yield of dextrin was 38% 
of the original starch. 

The dextrin (18 g.) was dissolved in hot water (400 c.c.), and alcohol (200 c.c.) added in small 
quantities with stirring. The white sticky precipitate was isolated on the centrifuge, heated under 
ees withm ethyl alcohol for one hour, anh dried in vacuo over phosphoric oxide at 60°; yield of 
raction l, 3 g. 

The alcohol content of the clear supernatant liquid was increased to 43%, and the colloidal precipitate 
(fraction 2) was isolated on the centrifuge. The sticky precipitate was hardened by heating under 
ee with methyl alcohol for one hour and then dred im vacuo over phosphoric oxide at 100°; 
yield, 8 g. 

This procedure was repeated three more times, the alcohol concentration being increased to 50, 60, 
and 85%, and fractions 3, 4, and 5, respectively, were isolated. 
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% Alcohol used Yield from crude Reducing value 
Fraction. for precipitation. dextrin, %. Blue value.* Iodine colour. (% maltose). 
1 0— 33 16 0-18 Purple 0- 
2 33— 43 55 0-125 és 1:3 
3 43— 50 16 0-12 Mauve 2-1 
4 50— 60 3 oe Red sms 
5 60— 84 3 0-05 o» 5-8 
6 84—100 2 0-05 Red-brown ‘ine 
[a}}$ (c, 1-0) [a}}$ (c, 1-0) No. of glucose residues 
Fraction. in water. in 5% NaOH. per terminal group.t 
1 a 137° 11—12 (A) 
2 227° 186 10 (A) 12 (B) 
3 187 163 9 (A) —- 
4 — — 12 (A) — 
5 176 129 6 (A) — 
6 -- — 4 (A) — 





* For method, see Hassid and McCready, J. Amer. Chem. Soc., 1943, 65, 1157. 
+ (A) Determined by potassium periodate oxidation. (B) Determined by the methylation method 
(cf. Brown and Jones, /., 1947, 1344). 






Fraction 2 (see above) was methylated with sodium hydroxide and methyl sulphate (nine times). 
The methylated dextrin had the following properties : [a]?! +190° in chloroform (c, 2-0) (Found: OMe, 
43-3%), and its aqueous solution gave no colour with iodine; it (0-817 g.) was dissolved in 1% methanolic 
hydrogen chloride (30 c.c.), and the solution boiled under reflux for 6 hours, neutralised with alcoholic 
potash, precipitated potassium chloride filtered off through a cotton-wool plug, and the cotton-wool 
washed with methanol, the filtrate being evaporated to a syrup on a steam-bath, and the last traces of 
solvent being removed under a vacuum (yield of methyl glucosides, 0-935 g.). The tetramethyl methyl- 
glucoside (72:1 mg.; n}® 1-4446; OMe, 59-3%) in the syrup was isolated by the extraction method of 
Brown and Jones (loc. cit.). This corresponds to 1 terminal glucose residue per 12 glucose residues. 

Action of Wheat B-Amylase on Waxy Maize Starch.—(i) Waxy maize starch (0-1 g.) was brought into 
solution by heating it at 80° in water (50 c.c.) for 15 minutes. After the solution had cooled to 37°, 
acetate buffer (pH 4-8; 10 c.c.) and an aqueous solution of wheat B-amylase (1%; 25 c.c.) were added, 
the volume being made up to 100 c.c. by addition of water. A layer of toluene was added, and the 
mixture was incubated at 37°; at intervals 5-c.c. portions were removed for estimation of reducing power 
by the Somogyi micro-method : conversion (%) into maltose 52 (1 hour); 52 (2 hours); 54 (3 hours); 
54 (4 hours). 

(ii) Waxy maize starch (25 g.) was stirred with cold water (60 c.c.) and the cream so produced 
was poured with stirring into boiling water (250 c.c.). The solution was then put through a homogeniser 
to ensure complete dispersion of the starch. The pH of the solution was then adjusted by addition of a 
buffer solution to 4-8 and an aqueous solution of wheat B-amylase powder (0-5%; 65 c.c.) was added. 
A little toluene was added, and the mixture incubated at 37°. After 19 hours the reducing power had 
become constant and a small flocculent precipitate had separated. This was removed on the centrifuge. 
It gave a blue colour with iodine and did not contain nitrogen. Alcohol (1 1.) was added to the clear 
solution and the precipitated limit dextrin was separated, hardened under methyl alcohol, powdered, 
filtered off, and dried (yield 9 g.). This material was dissolved in water (200 c.c.), giving a 
limpid solution. On addition of alcohol (145 c.c.) a yellow syrup separated and the supernatant liquid 
was decanted. On addition of methy] alcohol to the syrup it hardened, giving a white solid which was 

owdered and dried [fraction (a); yield, 4 g.]. The alcohol concentration of the decanted solution was 
increased to 70% and the syrup which was precipitated was allowed to settle. The turbid supernatant 
liquid was decanted and the syrup was hardened under methyl alcohol powdered, and dried [fraction 
(b); yield, 4 g.]. The turbid liquor (above) clarified on storage overnight and a syrup settled out. 
This was separated, hardened under methyl alcohol, powdered, and dried [fraction (c); yield, 0-3 g.]. 
The properties of these fractions are tabulated below. 







No. of glucose Colour 

Reducing value [a]p in residues per Blue with 

(as maltose), %. n-NaOH. terminal group.* value. iodine. 

Fraction (a) ......... 0-4 + 149° (c, 0-7) 10 (A) 0-06 Red 
Fraction (b)_......... 0-9 +160 (c, 1-0) 9 (A) (B) 0-04 je 
Fraction (c) ......... 2-1 +143 (c, 0-6) — 0-02 » 


* For (A) and (B), see preceding table. 


Fraction (b) was methylated with sodium hydroxide and methyl sulphate (nine times). The 
methylated dextrin had [a]}® +196° in chloroform (c, 2-8) (Found: OMe, 42-2%). The methylated 
dextrin (0-8 g.) was dissolved in 1% methanolic hydrogen chloride, and the solution boiled under reflux 
for 6 hours, and worked up as above. The tetramethyl methylglucoside (116 mg.; n}® 1-4440) in the 
syrup was isolated by Brown and Jones’s extraction method (Found : OMe, 60-4%). This corresponds 
to 1 terminal group per 9 glucose residues. 

Action of Wheat B-Amylase on Rabbit-liver Glycogen.—(i) Rabbit-liver glycogen (0-1 g.) was converted 
into dextrin in the way previously described : conversion (%) into maltose, 45-5 (0-3 hour); 52 (1 hour) ; 
52 (2 hours); 53 (4 hours). 

(ii) Rabbit-liver glycogen (15 g.) was made into a slurry with water (50 c.c.). This was poured 
with stirring into boiling water (300 c.c.) and cooled; the pH of the solution was adjusted to 4:8. 
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An aqueous solution of wheat f-amylase powder (0-5%; 50 c.c.) was then added, together with a little 
toluene. After 19 hours’ incubation at 37° the reducing power had become constant. Alcohol (650 c.c.) 
was then added and the precipitated dextrin was separated, hardened under methanol, powdered, and 
dried (yield, 6 g.). It was fractionated by successive addition of alcohol to its aqueous solution (see 
above). 
Composition of aqueous No. of glucose 
alcohol used in Reducing value residues per 
Fraction. precipitation, %. (as maltose), %. {a]?? in N-NaOH. terminal group.* 
1 (3 g.) 0—40 0-3 +155° (c, 0-86) 8-5 (A) 10 (B) 
2 (2-5 g.) 40—60 0-5 +169 (c, 0-9) 9 (A) 10 (B) 
* (A) and (B) have the same significance as in preceding tables. 


The authors thank Professor F. Smith for gifts of waxy maize starch and waxy sorghum starch, 
and Dr. R. K. Balls for the gift of crystalline B-amylase. 
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674. Studies of the Structure of Emetine. Part IV. Elucidation 
of the Structure of Emetine. 


By A. R. Batterssy and H. T. OPENSHAW. 


The later stages of the Hofmann degradation of emetine (Part I, this vol., p. S59) have been 
studied more fully. The course of the oxidation of des-N(a)-emetinetetrahydromethine (IV) 
and of des-N(a)-emetinehexahydrobismethine (VII) shows the absence of side-chains at Cig, and Cy,5) 
in emetine (I), thus disproving the structure of Brindley and Pyman (J., 1927, 1067). The final, 
nitrogen-free product (X) was optically inactive, and on ozonolysis yielded formaldehyde and a 
ketone, and must therefore be (Xa), (Xb), or (Xc). Dehydrogenation of des-N(a)-emetine- 
hexahydromethine (V1) gave the pyridine base (XIV), which was oxidised to 5-ethylpyridine- 
2: 4-dicarboxylic acid (XV). The structure of emetine is therefore (Ia). 


In Part I (loc. cit.) we described the degradation of emetine (I) by Hofmann’s method to a nitrogen- 
free product (X). Since the completion of this work, Spath and Pailer (Monatsh., 1948, 78, 348) 
have described a similar degradation leading to a crystalline diene (XI). Ozonolysis of (XI) 
gave an unsaturated aldehyde (XII) which could be oxidised to methyl ethyl ketone and 
8-(4 : 5-dimethoxy-2-ethylphenyl)propionic acid, and reduced to a saturated aldehyde (XIII). 
The carbon skeleton of (XIII) is derived from (I) by the removal of N(a) and of all the atoms 
forming rings Eand F. By a second degradation, in which N(b) and the atoms forming rings a 
and B were removed, Pailer (ibid., 1948, 79, 127) again obtained the aldehyde (XIII). These 
results are compatible only with the structure (XIIIa) for the aldehyde, and this structure, 
which has been confirmed synthetically (Pailer, ibid., p. 331), leads to three possible formule 
(Ia, Ib, and Ic) for emetine (Pailer and Porschinski, ibid., 1949, 80, 94; Battersby, Openshaw, 
and Wood, Experientia, 1949, 5, 114). Of these three structures, Pailer and Porschinski favour 
(Ia), since they have obtained 4-methyl-3-ethylpyridine (8-collidine) by drastic dehydrogenation 
of two degradation products of emetine. The same structure is favoured by Robinson (Nature, 
1948, 162, 524) on biogenetic grounds. 
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In two preliminary communications (Battersby, Openshaw, and Wood, Joc. cit.; Battersby 
and Openshaw, Experientia, 1949, 5, 398) we have also advanced experimental evidence which 
excludes the structures (Ib) and (Ic), but confirms the structure (Ia) foremetine. In the present 
paper, these investigations are described in detail, and other observations connected with the 
Hofmann degradation of emetine are recorded. Although in its final stages, our work has been 
greatly facilitated by the findings of Spath and Pailer, it constitutes an entirely independent 
proof of the structure of emetine. 

In view of the ready thermal decomposition of the dimethiodide of N-methylemetinetetra- 
hydromethine (III) (Part I, Joc. cit.; Part III, this vol., p. 1174), the stability of the dimethiodide 
of N-methylemetinemethine (II) has been studied. As expected, this substance decomposed 
readily at 100°, but, apart from a little trimethylamine, no pure product could be isolated. 

In Part I we described the oxidation of des-N(a)-emetinetetrahydromethine (IV) to 6-ethyl- 
veratric acid. The second product was an amino-acid (V), which has now been obtained 
crystalline; analysis of its ethyl ester showed that its formation involved no loss of carbon atoms, 
Hence, (IV) contains the structure Ar-CH—CH- and C,, in emetine carries two hydrogen atoms. 

Hydrogenation of (IV) produced the crystalline base des-N(a)-emetinehexahydromethine (V1) 


CH,—[(C,H,]-CH, CH,—[C,H,]-CH, 


| 
cH CH, CH ArcH ¢H, CH-Ar Meo? )/ 


Ar = \| 
MeO. IE 
Meo \” \NMe, —~," 
MeO\A\ £9 Hy Z\A 
cH CH 


(III.) 
(I1.) aor 


Ar-CH,-CH,-[C,H,}+CH, Ar-CH=CH-{C,H,]-CH, HO,C-{C,H,]-CH, 

H,-Pt fe) 

* CH, CH-Ar — > ArCO,H + ¢H, CH-Ar 
/ x 


al 
NMe, NMe 


cH, CH-Ar 
a i", 
NMe NMe Wite 
(VI.) (IV.) (V.) 
which reacted slowly with methyl iodide to give the methiodide already described (Part I). 
Hofmann degradation of this methiodide gave rise to des-N(a)-emetinehexahydrobismethine (VII), 
purified through its crystalline picrate, together with some regenerated (VI) and a little neutral 
material, apparently a non-conjugated isomer of (XI). The point of ring-fission in this 
degradation is shown to be between N(d) and C,,,, by the similarity of the absorption spectrum 
of (VII) to that of (IV), indicating the presence of the same chromophore, Ar-CH—C<, and 
by the thermal stability of the methiodide of (VII). Had ring fission occurred at the alternative 
Ar-CH,-CH,-{C,H,]-CH=CH-Ar 4 ~— Ar-CH,-CH,-{C,H,]-CO,H 
—> | + HO,C-Ar 
CH,-NMe, CH,-NMe, 


l (VII). i (VIIL.) 
H,- | P 
y t 
iad aia Ar-CH,-CH,-{C,H,]-CH=CH-Ar 
‘H,-NMe, CH, 


| (IX.) | (XI) 


Ar-CH,-CH,-[C,H,]-CH,-CH,-Ar Ar-CH,-CH,-[C,H,]-CHO 


CH, ° du, 
(X.) | (XII.) 


Ar-CH,-CH,-CO,H + CH,°COC,H, seinen Dita: vitae iene ik ties 
CH, CH 


(XIIT.) 


position N(b)-C,,, the product would possess a structure of the a-arylalkylamine type, and, 
similarly to (III) and synthetic models (Part III), would form an unstable methiodide. 
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Oxidation of des-N(a)-emetinehexahydrobismethine (VII) with barium permanganate gave 
6-ethylveratric acid and an amorphous amino-acid (VIII). Analysis of the methyl ester of 
(VIII) showed that no loss of carbon had occurred in the oxidation, and hence proved the 
absence of a side-chain at C,,3,, in contradiction to the proposed emetine formula of Brindley and 
Pyman (/oc. cit.). This oxidation also gives independent confirmation of the presence of a 
second dimethoxyisoquinoline system in emetine. 

Hofmann degradation of the methiodide of (VII) gave results in agreement with those of 
Spath and Pailer (loc. cit.). The product was a mixture of the neutral, crystalline diene (XI) 
and a basic substance which was identified through its picrate as regenerated (VII). The 
ultra-violet absorption spectrum of the diene is consistent with the conjugated structure 
assigned to it by Spath and Pailer. 

Hydrogenation of (VII) gave des-N(a)-emetineoctahydrobismethine (IX), which was 
levorotatory ([«]p —5°). This base had been obtained previously (Part I) by the Emde 
degradation of the methochloride of (VI), and was then found to be weakly dextrorotatory 
([a]p +1°), but a repetition of this reaction gave a weakly levorotatory product ([«]) —2°). As 
no crystalline derivatives could be obtained, further comparison of the different preparations 
was difficult. Since no fresh asymmetric centre is produced in the reduction, it seems very 
probable that the material obtained by the hydrogenation of (VII) is pure, and that obtained 
by the Emde degradation is contaminated with a variable amount of a dextrorotatory impurity. 

Exhaustive methylation of (IX) gave rise to the nitrogen-free product (X) already described 
in Part I, together with regenerated (IX). Ozonolysis of (X) gave formaldehyde and a carbonyl 


CH; 
Ee ey aa a eta Tae H,-Ar 
Cc 
cA, ‘oH, 
(Xa.) 
Ar-CH,-CH,-CH-CH,-CH,-Ar 


"i 
CH, CH, . 
(Xc.) (XIV.) 


compound which has not been completely characterised, but which is not an aldehyde. (IX) 


(C\1 12 


1 @) 
therefore contains the structure “ HCH NMey or less probably 


substance (X) was optically inactive, within the limits of the experimental error, suggesting that 
C.43, is the sole remaining asymmetric centre in (IX). There are three possible symmetrical 
structures for (X) consistent with the accumulated evidence, namely (Xa), (Xb), and (Xc). 
Allowing for the attachment of N(b) to either C,,., or C,,,, six possible structures for emetine 
become apparent, (Ia) and (Ic) derived from (Xa), and four other structures derived in an 
analogous manner from (Xb) and (Xc). A decision between these was reached by a study of the 
dehydrogenation of des-N(a)-emetinehexahydromethine (VI). 

- When the base (VI) was heated with palladised charcoal at 250—270°, it was largely dehydro- 
genated, with accompanying demethylation, to give the pyridine base (XIV), which was readily 
separated from unchanged (VI) by virtue of its more weakly basic character. Oxidation of this 
base with concentrated nitric acid gave an acid, C,H,O,N, which was proved to be 5-ethyl- 
pyridine-2 : 4-dicarboxylic acid (KV) by its further oxidation with permanganate to berberonic 
acid, and by its decarboxylation to 3-ethylpyridine. The possibility of a molecular rearrange- 
ment occurring during the dehydrogenation was unlikely at the temperature employed, and was 
discounted by the successful dehydrogenation of (VI) by aqueous silver acetate at 180°. Under 
these mild conditions, some of the pyridine base (XIV) was produced directly, but the principal 
product was the related N-methylpyridinium salt, which was converted into (XIV) by thermal 
decomposition of the chloride. The foregoing degradation shows both the presence of an ethyl 
group attached to C,,,,, and the 6-membered nature of ring D, and in association with the other 
evidence presented above it conclusively proves that emetine possesses the structure (Ia), 
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EXPERIMENTAL. 


N-Methylemetinemethine Dimethiodide.—A solution of N-methylemetienmethine (1-33 g.) in ether 
(12 c.c.) and methyl iodide (1-5 c.c.) was kept at room temperature for 24 hours, and the amorphous 
precipitate (1-73 g.) wascollected. It crystallised in contact with ethylene dichloride, and after recrystal- 
lisation twice from acetone formed colourless prisms, m. p. 151—153°, which were dried at room 
temperature for 2 hours over phosphoric oxide in a vacuum (Found: C, 48-6; H, 6-4; N, 3-1. Cale. 
for C;,H;,0,N,1,,2H,O: C, 48-4; H, 6-7; N, 33%). Karrer (Ber., 1916, 49, 2057) described this salt 
as amorphous. 

A solution of the dimethiodide (0-066 g.) in diethyl ketone (5 c.c.) was heated at 100—110° for 3 hours 
whilst nitrogen was passed through the solution and into a trap containing dilute hydrochloric acid, 
The contents of the trap were evaporated to dryness and the residue was treated with aqueous sodium 
hydroxide. Air was aspirated through the solution and into ethereal picric acid, whereupon trimethyl- 
amine picrate (3 mg.) was formed, which after crystallisation from alcohol had m. p. and mixed m. p. 
217—218°. From the diethyl ketone solution, only dark tarry products were obtained. 

Oxidation of Des-N(a)-emetinetetrahydromethine (IV).—The base (1-5 g.) was oxidised with barium 
permanganate as described previously (Part I, Joc. cit.) and the products were examined by a modified 
procedure. After the aqueous alkaline solution of the products had been freed from manganese dioxide 
by filtration, and from neutral and basic matter by extraction with ether, it was rendered acid to Congo-red 
with sulphuric acid. The precipitated barium sulphate was digested at 100° for 30 minutes and removed 
by filtration (‘‘ Filtercel’’). The filter-cake was thoroughly extracted with boiling water (total, 400 c.c.), 
and the combined aqueous solutions were concentrated to 200c.c. Extraction 5 times with ether (total, 
600 c.c.) removed crude 6-ethylveratric acid (0-362 g.). 

The aqueous solution was treated with a slight excess of aqueous barium hydroxide, and the barium 
sulphate was removed as before. Evaporation of the solution left the crude amino-acid (V) as a yellow 
resin. It was esterified by being heated under reflux for 2 hours with absolute methyl alcohol (30 c.c.) 
and concentrated sulphuric acid (1 c.c.). The solution was poured into dry chloroform (150 c.c.) and 
dry, finely powdered barium hydroxide (5 g.) was added with shaking. After 10 minutes’ shaking, the 
solids were removed by filtration, and the filter-cake was thoroughly extracted with boiling chloroform 
(total, 200 c.c.). Evaporation of the filtrate left the methyl ester of (V) as a yellow gum (0-671 g.) which 
distilled as a pale yellow gum (0-577 g.) under 2 x 10° mm. from a bath at 100—110°. This ester was 
hydrolysed by being heated for 5 hours under reflux with 0-1N-barium hydroxide (20c.c.)._ The equivalent 
of 0-05Nn-sulphuric acid was added, and the precipitated barium sulphate was removed by filtration. 
After washing of the filter-cake with boiling water (total, 200 c.c.) the filtrate was extracted with ether 
which removed a trace of gum (2 mg.). Concentration of the aqueous solution yielded the amino-acid 
(V) as colourless prisms (0-427 g., 40%), m. p. 218—221° with darkening. This m. p. was unchanged by 
2 further crystallisations from water. The material was dried over phosphoric oxide in a vacuum at 110° 
for 2 hours but still appeared to be hydrated (Found: C, 62-1; H, 8-15; N, 3-5. C,,H,O,N,2H,O 
requires C, 61-5; H, 9-0; N, 3-8%). Accordingly, the ethyl ester was prepared by heating the pure 
amino-acid (0-074 g.) with alcohol (5 c.c.) and concentrated sulphuric acid (0-2 c.c.) under reflux for 
3 hours. The ester was isolated by the procedure described above; it distilled at 120° (bath) /4 x 10° 
mm. as a colourless gum (Found: C, 69-2; H, 8-95; N, 4:2. C,,H,,0,N requires C, 69-4; H, 9-15; 
N, 3-9%). 

Des-N(a)-emetinehexahydromethine (VI).—Des-N(a)-emetinetetrahydromethine (4:37 g.), recovered 
from its pure perchlorate, was dissolved in glacial acetic acid (30 c.c.) and shaken with hydrogen and 
platinic oxide (0-i g.) ; absorption of hydrogen (1-04 mols.) ceased after 20 minutes. The filtered solution 
was evaporated to dryness, and the residual gum was dissolved in water, treated with excess of aqueous 
sodium hydroxide, and extracted 4 times with ether. Evaporation of the dried extract gave des-N(a)- 
emetinehexahydromethine as a gum (4-38 g.) which crystallised from light petroleum (b. p. 40—60°) as 
rosettes of colourless needles (3-96 g.), m. p. 73—79-5°. The m. p. was raised to 79—80-5° by distillation 
at 140° (bath) /2 x 10 mm., followed by crystallisation from light petroleum. The substance was dried 
over phosphoric oxide in a vacuum at 56° for 1 hour (Found: C, 74-45; H, 9-5; N, 3-05, 2-95. 
C39H,,0,N requires C, 74-5; H, 9-4; N, 2-9%). 

A solution of the foregoing base (0-106 g.) in methyl alcohol (1 c.c.) and methyl iodide (2 c.c.) was 
heated under reflux for 12 hours. Evaporation left a gum, which was dissolved in the minimum volume 
of hot alcohol, and the solution was poured into aqueous sodium hydroxide. The resulting suspension 
was extracted thrice with ether and thrice with chloroform. The ethereal extract contained a trace of 
basic material. Evaporation of the dried chloroform extract left a colourless resin (0-137 g.) which 
crystallised from aqueous alcohol as short prisms (0-132 g.), m. p. 123—125°, converted by drying at 110° 
and recrystallisation from anhydrous acetone into the methiodide monohydrate, m. p. 169—170°, alone 
or in admixture with the salt described in Part I. 

Des-N(a)-emetinehexahydvobismethine (VII)—A solution of des-N(a)-emetinehexahydromethine 
methiodide (4-05 g.) in warm 50% aqueousalcohol was stirred with silver oxide (from 2 g. of silver nitrate) 
for 45 minutes. The filtered solution (“‘ Filtercel”’) was evaporated to dryness, and the residual 
quaternary hydroxide was decomposed by being heated at 100° under 10 mm. for 2 hours. Ether and 
water were added to the product, which dissolved completely; the aqueous layer was evaporated to 
dryness, and the residue was heated as before and again partitioned between etherand water. The aqueous 
phase was further extracted thrice with ether. Evaporation of the combined ethereal solutions left a 
clear yellow gum (3-43 g.) which was treated with n-hydrochloric acid (7-5 c.c.), and sufficient water was 
added to dissolve the salt. After extraction with ether to remove a brown neutral gum (0-097 g.), the 
aqueous solution was made alkaline to phenolphthalein with aqueous sodium hydroxide. The liberated 
bases were extracted with 4 portions of ether and were obtained by evaporation of the ethereal solution 
as a yellow gum (2-75 g.). The aqueous solution was shaken with 4 portions of chloroform, the dried 
extract on evaporation leaving a brown gum (0-322 g.). 

Distillation of the basic product at 155—160° (bath)/5 x 10“ mm. afforded a pale yellow, viscous 





l 
y 
] 
1 
e 
y 
h 
S 
t 
L. 
T 
d 
y 
o 
y) 
e 
ir 
“3 


[1949] Studies of the Structure of Emetine. Part IV. 3211 


m, which was treated with picric acid (1 equivalent) in alcoholic solution. The des-N(a)-emetine- 
hexahydrobismethine picrate separated as rosettes of yellow needles (3-48 g., 74%), m. p. 158—159° after 
slight sintering. This m. p. was raised to 159—160° by repeated crystallisation from alcohol; the final 
sample was dried at 100° over phosphoric oxide in a vacuum for 2 hours (Found: C, 60-9; H, 6-9; N, 
7-6. Cs3,H,.zO,N,C,H,O,N, requires C, 61-15; H,6-95; N,7:7%). Des-N(a)-emetinehexahydrobismethine, 
recovered from the pure picrate, distilled at 150° (bath) /10-> mm., as a colourless gum (Found: C, 74-6, 
74-9; H, 9-4, 9-1; N, 3-0. (C,,H,,O,N requires C, 74-8; H, 9-5; N, 2-8%), [a]?? +5-2° +0-3° (c, 3-19 in 
alcohol). Hydrogenation: 20-2 mg. in glacial acetic acid (platinic oxide) absorbed 1-02 ml. (1-04 mol.) 
of hydrogen at 15°/754 mm.; reduction was complete in 20 minutes. Ultra-violet absorption spectrum 
in alcohol: Maximum at 2650 a. (e, 12,600), inflexion at 3030 a. (e, 3,560). ° 

The gum obtained from the chloroform extract above was partitioned between water and ether, and 
the ethereal layer left a brown gum (0-244 g.) on evaporation. Distillation at 140—150°(bath) /5 x 10-* 
mm. afforded a yellow gum (0-221 g.) which was treated with picric acid (0-102 g.) in alcohol. A small 
quantity of the picrate of (VII) (0-026 g.) separated, having m. p. 154—156° after sintering. The 
mother-liquor was concentrated to small volume and, after removal of the excess of picric acid, the 
remaining substances were separated into neutral (0-198 g.) and basic (0-01 g.) fractions. After being 
distilled twice at 150° (bath) /3 x 10 mm. the neutral fraction was a pale yellow gum (Found : C, 76-9; 
H, 9-0; N, 0-0. Cy 9H,,O, requires C, 76-9; H, 8-9%). . Ultra-violet absorption in alcohol: Maximum at 
2655 a. (e, 16,100) and inflexion at 3040 a. (e, 6,160). Microhydrogenation of this substance did not give 
consistent results and was not investigated further. It was oxidised rapidly by permanganate in 
aqueous acetone. 

The mother-liquors from the picrate of (VII) were concentrated and freed from picric acid, and the 
remaining material was separated into neutral (0-101 g.) and basic (0-25 g.) fractions. The latter, which 
did not yield a crystalline picrate, was crystallised from light petroleum (b. p. 40—60°) and had m. p. 
75—76°, raised to 78—79-5° by distillation at 120°(bath) /10-¢ mm., followed by crystallisation from light 
petroleum. In admixture with (VI) the m. p. was 79—80°. 

Stability of Des-N(a)-emetinehexahydrobismethine Methiodide.—A solution of the hexahydrobismethine 
base (0-123 g.) in alkali-free ether (5 c.c.) and methyl iodide (0-5 c.c.) was kept at room temperature for 
94 hours. The amorphous methiodide (0-154 g., 98%) was washed thoroughly with ether; it could not 
be induced to crystallise. This salt (0-085 g.) was heated under reflux with water for 3 hours, a slow 
stream of nitrogen being passed through the solution and into a trap containing dilute hydrochloric acid. 
Evaporation of the contents of the trap left only a trace of material, which did not contain trimethylamine 
hydrochloride. Extraction of the aqueous solution of the methiodide 3 times with ether removed only 
a trace of reddish-brown gum (2 mg.). 

Oxidation of Des-N(a)-emetinehexahydrobismethine (VII).—The base (0-867 g.), recovered from the 
pure picrate, was dissolved in purified acetone (50 c.c.), and water (50 c.c.) was added. Aqueous barium 
permanganate (123-8 c.c., equiv. to 4-1 O) was added to this solution during 11 hours in the manner 
previously described (Part I, loc. cit.) ; the products were examined by the procedure reported above for 
the oxidation of the tetrahydromethine. The non-acidic fraction was a brown gum (0-475 g.) and 
the crude acidic fraction, extracted by ether, was a light-brown crystalline substance (0-136 g.). 
Recrystallisation of the latter from water (charcoal) yielded 6-ethylveratric acid (0-086 g.), m. p. 141—142°, 
undepressed on admixture with a synthetic specimen. 

After removal of inorganic matter, the original aqueous solution, containing the water-soluble acids 
and amino-acids, was evaporated to dryness to leave a resin (0-28 g.). Esterification by the method 
described above and distillation at 100—110° (bath)/8 x 10° mm. gave the methyl ester of (VIII) asa 
clear yellow gum (0-181 g.). A portion was redistilled twice for analysis (Found: C, 69-1; H, 9-8; 
N, 40. C,,H;,0,N requires C, 69-0; H, 9-7; N, 3-8%). 

Hydrolysis of this ester (0-11 g.) by 9 hours’ heating with 0-1N-barium hydroxide (20 c.c.) yielded the 
amino-acid (VIII) which could not be crystallised. 

Hofmann Degradation of Des-N(a)-emetinehexahydrobismethine (VII).—A solution of the base (0-472 g.) 
in dry ether (10 c.c.) and methyl iodide (1 c.c.) was kept at room temperature for 60 hours. The ethereal 
solution was then decanted and the amorphous methiodide was washed with ether, dissolved in 50% 
a alcohol (20 c.c.), and stirred at 50° for 1 hour with silver oxide (from 0-5 g. of silver nitrate). 
After filtration (“ Filtercel’’) the solution was evaporated to dryness and the residue was decomposed 
by being heated at 180—200° (bath) /0-1 mm. for 1 hour. The products distilled at 180° (bath) /4 x 10° 
mm. as a pale yellow gum, and were separated into neutral (0-239 g.) and basic (0-137 g.) fractions. The 
basic material (0-051 g.) was treated with picric acid (1 equivalent) in alcohol to afford the picrate (0-066 g.), 
m. p. 158—159°, undepressed on admixture with the picrate of (VII). 

The neutral material crystallised from light petroleum (b. p. 40—60°) as rosettes of colourless needles 
(0-142 g.), m. p. 66—67-5° after sintering at 64°. After being recrystallised from the same solvent, 
distilled at 130—140° (bath) /8 x 10-5 mm., and recrystallised, it had m. p. 69—70° after slight sintering 
(Spath and Pailer, Joc. cit., gave m. p. 70—72°). Before analysis, the substance was dried at 35° for 
2 hours in a vacuum over phosphoric oxide (Found: C, 76-2; H, 8-9. Calc. for Cy,H4.O, : C, 76-9; H, 
8-9%). The substance became yellow on storage, and a deep-yellow sample contained C, 74-6; H, 9-2%. 
Ultra-violet absorption spectrum in alcohol: Maxima at 2280 a. (e, 24,800) and 2910 a. (e, 19,100). 

Des-N(a)-emetineoctahydrobismethine (IX).—The hexahydrobismethine (3-28 g.), regenerated from 
the pure picrate, was dissolved in glacial acetic acid (30 c.c.) and hydrogenated (platinic oxide) at 16°/768 
mm.; absorption of hydrogen (1-05 mols.) was complete in 20 minutes. The filtered solution was 
evaporated to dryness and the residue dissolved in water and made strongly alkaline with aqueous sodium 
hydroxide. Extraction thrice with ether (total, 200 c.c.) and evaporation of the dried extract yielded 
des-N (a)-emetineoctahydrobismethine (3-26 g.) which distilled at 180° (bath) /5 x 10-* mm. asa colourless 
gum, [a]}§* —5-0° + 0-2° (c, 2-45 in alcohol). Attempts to prepare crystalline salts of this base with 
picric, perchloric, and hydriodic acid were unsuccessful. 

Hofmann Degradation of Des-N(a)-emetineoctahydrobismethine (IX).—A solution of the base (3-7 g.) 
and methyl iodide (3 c.c.) in dry ether (50 c.c.) was kept for 46 hours at room temperature. The 
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methiodide separated as a yellow gum. The ethereal solution was decanted and the gum washed with 
ether; evaporation of the combined ethereal solutions left a negligible residue. The methiodide was 
treated with silver oxide (from 4 g. of silver nitrate) in the manner previously described, and the resulting 
methohydroxide was decomposed by being heated at 150° (bath)/0-2 mm. for 1 hour, followed by 
distillation at 180° (bath)/2 x 10° mm. The resulting pale yellow gum was separated into neutral 
(0-78 g.) and basic (2-68 g.) fractions. The latter was again subjected to exhaustive methylation in a 
similar fashion, save that the methohydroxide was heated at 100° (bath) /15 mm. for 2 hours before the 
products (2-606 g.) were distilled. Again the neutral matter (1-237 g.) was separated, the remaining 
fraction (1-339 g.) being basic. Distillation of the combined neutral fractions at 180° (bath) /2 x 10 mm. 
yielded the product as a pale yellow gum (Found: C, 76-5; H, 9-15; N, 0-0. Cg9H,,0, requires 
C, 76-8; H, 93%). An alcoholic solution was optically inactive within the experimental error. 
Hydrogenation: 30-8 mg. in glacial acetic acid (platinic oxide) absorbed 1-64 ml. (1-00 mol.) at 
17°/749 mm.; reduction was complete in 12 minutes. 

Ozonolysis of the Neutral Substance (X).—A solution of the foregoing substance (0-852 g.) in ethyl 
chloride (15 c.c.) was cooled to —78° whilst ozonised oxygen (1,440 c.c. of 3-51%; 1-2 mols.) was led in 
during 24 minutes. The solvent was evaporated and the residue was heated under reflux for 5 minutes 
with water (20 c.c.) to which silver nitrate (0-015 g.) and zinc dust (0-2 g.) had been added. Aslowstream 
of nitrogen was passed through the solution and into a trap containing an aqueous-alcoholic solution of 
dimedone. The reflux condenser was then removed and water was distilled slowly from the mixture into 
the dimedone solution for 30 minutes, with the nitrogen stream still passing. After the addition of more 
water (20 c.c.) the reaction mixture was heated under reflux for a further 30 minutes, and then the 
condenser was again removed to allow slow distillation of water into the trap for 30 minutes. The solid 
which had separated in the trap was collected, washed with water, and dried (0-184 g., 33%); it had 
m. p. 180—184°. Crystallisation twice from aqueous alcohol raised the m. p. to 188—189°, undepressed 
on admixture with the dimedone derivative of formaldehyde. 

The aqueous suspension of the non-volatile products was shaken thrice with ether, and the combined 
ethereal extracts were filtered and shaken thrice with aqueous 10% sodium carbonate (total 60 c.c.). 
Evaporation of the ethereal solution and distillation of the residue at 140—150° (bath)/5 x 10-* mm. 
yielded a pale yellow gum (0-637 g.). Attempts to prepare the semicarbazone, 2 : 4-dinitrophenyl- 
hydrazone and p-nitrophenylhydrazone of this substance afforded sparingly soluble, amorphous products. 
It did not reduce ammoniacal silver nitrate, and gave no coloration with Schiff’s reagent, and only a 
faint yellow colour with a solution of dianisidine in glacial acetic acid (F. Feigl, “‘ Qualitative Analysis by 
Spot Tests,”’ 3rd Edition, New York, 1946, p. 340). 

Palladium Dehydrogenation of Des-N(a)-emetinehexahydromethine (V1).—An intimate mixture of the 
base (0-599 g.) and 10% palladised charcoal (0-5 g.) was heated in a stream of carbon dioxide, the temper- 
ature being raised from 250° to 270° during 45 minutes, and maintained at 270° fora further 2 hours. The 
evolved gases, collected over 50% aqueous potassium hydroxide, occupied 50 c.c. at 20°/750 mm. (1-65 
mols.). In all, 10 similar dehydrogenations of the hexahydromethine (total, 6-71 g.) were carried out. 
The combined products were dissolved in alcohol and freed from catalyst by filtration (‘‘ Filtercel”’). 
Evaporation of the alcohol left a brown gum (4-72 g.) which was dissolved in ether (2-4 1.) and shaken 
with 3 portions of m/50-aqueous citric acid (800, 400, and 200 c.c.). The strong bases thus extracted 
were recovered in the usual manner as a light-brown gum (I-42 g.) which was crystallised from light 
petroleum (b. p. 40—60°) to give recovered hexahydromethine (0-992 g.), m. p. 74—76° (mixed m. p. with 
the original base, 77—79°). 

The ethereal solution above, containing the neutral products and weak bases, was shaken twice with 
2n-hydrochloric acid (total, 240 c.c.), and the ethereal layer, after being shaken once with 2N-sodium 
carbonate and once with water, was concentrated to ca. 150c.c. After extraction thrice with 2N-hydro- 
chloric acid (total, 120 c.c.), followed by washing with 2N-sodium carbonate and with water, evaporation 
of the ethereal layer yielded the neutral matter as a cloudy brown gum (0-696 g.), which was not further 
investigated. The weakly basic fraction, a clear brown gum (2-41 g.) was recovered from the combined 
hydrochloric acid extracts in the usual way. Treatment with picric acid (1-3 g.) in alcohol gave a crude 

icrate (3-12 g.), m. p. 103—106° after sintering. Recrystallisation from ethyl acetate gave the picrate 
2-49 g., 30%), m. p. 123—124°, of the pyridine base (XIV) as rosettes of yellow needles. Crystallisation 
thrice from ethyl acetate raised the m. p. to 124-5—126°. A sample for analysis was dried for 24 hours 
at 100° in a vacuum over phosphoric oxide (Found: C, 60-95; H, 6-0; N, 8-0. C,.H;,0O,N,C,H,O,N, 
requires C, 60-65; H, 5-85; N, 8-1%). The pyridine base (XIV), recovered from the pure picrate, 
distilled at 160—170° (bath) /8 x 10-5 mm. as a colourless gum, which crystallised from ether as rosettes 
of colourless needles, m. p. 101-5—102-5°, raised to 102—102-5° by recrystallisation twice from ether. 
For analysis, it was dried at 78° for 2 hours in a vacuum over phosphoric oxide (Found: C, 74-9; H, 
8-05; N, 3-3. C,gH;,0,N requires C, 75-15; H, 8-05; N,3-0%). This base was stable to permanganate 
in aqueous acetone at room temperature. On hydrogenation, absorption of hydrogen was slow and 
continued beyond that corresponding to 3 moles, evidently owing to hydrogenation of the benzene rings. 
Ultra-violet absorption spectrum in methyl alcohol: Maximum at 2880 a. (e, 11,750). In comparison, 
2-p-methoxyphenylpyridine showed maxima at 2820 a. (e, 16,870) and 2600 a. (e, 14,490). 

Dehydrogenation of Des-N(a)-emetinehexahydromethine (V1) with Silver Acetate-——A mixture of the 
base (1 g.) and silver carbonate (1-72 g., 3 mols.) was dissolved in glacial acetic acid (2-4 g.) and 
water (15 c.c.), and the solution was sealed in a Carius tube and heated at 180° for 7} hours. The 
brownish-red solution was filtered, the filter-cake washed thoroughly with hot water, and the filtrate 
made alkaline with aqueous sodium hydroxide. Extraction with ether removed the neutral and 
basic substances, obtained as a brown gum (0-545 g.) by evaporation of the extract. The aqueous 
solution was acidified with hydrochloric acid, filtered, and evaporated to dryness. The residue was 
treated with alcohol, and, after filtration to remove sodium chloride, the solution was evaporated to leave 
the quaternary salts as a brown resin (0-401 g.). A test sample dissolved readily in water, and the 
solution remained clear on the addition of sodium hydroxide. The remainder of the quaternary matter 
was decomposed by being heated at 180° (bath) /0-1 mm. for 30 minutes, and the product distilled at 
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180° (bath) /5 x 10“ mm. asa yellow glass. It was freed from a trace of quaternary material by shaking 
its ethereal solution with aqueous sodium hydroxide and then with water. Evaporation of the dried 
ethereal layer left a yellow glass (0-162 g.) which was treated with picric acid (0-078 g.) in methyl alcohol 
to give a crude picrate (0-203 g.), m. p. 110—112° after sintering at 104°. Crystallisation twice from 
ethyl 350°), gave the picrate, m. p. 124—125°, of (XIV) (mixed m. p. with the foregoing product, 
124—125-5°). 

The weak bases (0-125 g.) were isolated from the neutral and basic fraction as described in the previous 
section, and on treatment with picric acid yielded a further quantity (0-077 g.) of the same picrate, m. p. 
104—107° after sintering, raised to 124—-125-5° after crystallisation twice from ethyl acetate. 

Oxidation of the Pyridine Base (X1V).—The base (0-5 g.) was added in portions to concentrated nitric 
acid (5 c.c.), and the dark solution was warmed gently to start the reaction. When the vigorous reaction 
had subsided, further quantities of base (0-5 g.) and acid (5 c.c.) were added. After being heated at 
100—110° for 3 hours, the solution was evaporated to dryness and the residue, a yellow glass, was treated 
with concentrated nitric acid (5 c.c.) and heated at 135° for 1 hour. The solution was evaporated on the 
water-bath, the residue being heated until brown fumes ceased to be evolved. Concentrated nitric acid 
(2c.c.) was added and the process repeated 3 times more. The product was finally evaporated to dryness 
with water (10 c.c.), and the residual gum was again dissolved in water (10 c.c.). Crystallisation ensued 
to give a pale yellow solid (0-262 g.), m. p. 235—240° (decomp.), which was washed once with boiling 
ether (10 c.c.) and crystallised from water to give 5-ethylpyridine-2 : 4-dicarboxylic acid (XV) (0-172 g., 
40%), m. p. 237—-238° (decomp.). Recrystallisation from glacial acetic acid gave rosettes of colourless 
needles, m. p. 241—242° (decomp.), unchanged by further crystallisation from glacial acetic acid or water. 
The product was dried at 100° for 3 hours over phosphoric oxide in a vacuum (Found : C, 55-4; H, 4-35; 
N, 7:3. CyH,O,N requires C, 55-4; H, 4-65; N, 7:2%). It gave an orange colour with aqueous ferrous 
sulphate, identical with that given by berberonic acid under the same conditions. 

Degradation of 5-Ethylpyridine-2 : 4-dicarboxylic Acid (XV).—(a) Oxidation. A solution of the 
dicarboxylic acid (0-06 g.) in water (10 c.c.) was heated on the water-bath with potassium permanganate 
(0-204 g., equiv. to 4-2 O) until the purple colour disappeared (2} hours). The solution was filtered, the 
filter-cake was washed with hot water, and the filtrate was concentrated to 10 c.c. To this solution, 
which was faintly alkaline to phenolphthalein, was added an excess of aqueous silver nitrate; the white 
precipitate was collected, washed with water, and dried (0-137 g., 90%). It was dissolved in dilute 
nitric acid (10 c.c. of N/5) and treated with hydrochloric acid (1 c.c. of 2N.). After removal of silver 
chloride by filtration (‘‘ Filtercel ’’) the solution was evaporated to dryness, and the residue was crystal- 
lised from water as plates or prisms (0-042 g., 65%), m. p. 237—238° (decomp.), raised to 
241—243° (decomp.) by recrystallisation from water. The m. p. was not depressed on admixture with 
an authentic specimen of berberonic acid, m. p. 242—243° (decomp.), prepared from berberine (Weidel, 
Ber., 1879, 12, 410), and the spacing and intensity of the lines in the powder X-ray diffraction photographs 
of the two specimens were identical. 

(b) Decarboxylation. The dicarboxylic acid was recovered unchanged after being heated at 150° for 
6 hours with glacial acetic acid (1-5 c.c.) in a sealed tube. 

A mixture of finely powdered soda-lime (0-15 g.) and the dicarboxylic acid (0-042 g.) was heated in a 
stream of nitrogen. The temperature was raised from 150° to 400° during 80 minutes, and the issuing 
gases were bubbled through ethereal picricacid. The temperature was maintained at 400° for 20 minutes. 
The precipitated picrate was collected, washed with ether, and crystallised from alcohol (charcoal), 
giving yellow prisms (0-017 g.), m. p. 118—120°. Crystallisation thrice from methyl and ethyl alcohol 
yielded 3-ethylpyridine picrate, m. p. 125—126° (Prelog, Moor, and Fihrer, Helv. Chim. Acta, 1943, 26, 
846, give m. p. 127°), strongly depressed on admixture with 4-ethylpyridine picrate, m. p. 165—166°. 


The X-ray examination of berberonic acid was carried out by Dr. C. A. Beevers, University of 
Edinburgh, and the majority of the absorption-spectrum measurements were made by Dr. A. E. Gillam, 
University of Manchester, to both of whom we express our sincere thanks. We are grateful to Dr. C. H. 
Kellaway, F.R.S., for his interest in these investigations, to the Wellcome Foundation Ltd. for generous 
gifts of emetine, and to the Department of Scientific and Industrial Research for a maintenance grant 
made to one of us (A. R. B.). 
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675. Synthesis of Fluoranthenes. Part IV. 10- and 
11-Substituted Fluoranthenes. 


By S. Horwoop TuckKER and (Miss) MARGARET WHALLEY. 


Syntheses of ethyl fluoranthene-ll-carboxylate* and of 1l-methyl- and 10-methyl- 
fluoranthene from the naphthalene skeleton are described. The conversion of ethyl 
fluoranthene-1l-carboxylate into 11-methylfluoranthene has been achieved. 


Von Braun and Manz (Amnalen, 1932, 496, 170), by the action of oxalyl chloride and 
aluminium chloride on fluoranthene, obtained principally fluoranthene-1l-carboxylic acid * 
with some dicarboxylic acid and a trace of fluoranthene-4-carboxylic acid. The formation of 
the first acid as the main product was confirmed by Campbell and Easton (this vol., p. 340), 


* The numbering of fluoranthene follows that of naphthalene in this series of papers. 
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who were unable to isolate any of the 4-substituted compound. The orientation of the 
substituent group in the main product, fluoranthene-11-carboxylic acid, is corroborated by 
our results. 

The original method of synthesising fluoranthene derivatives, i.e., starting from naphthalene 
and its derivatives (Forrest and Tucker, J., 1948, 1137; Tucker and Whalley, this vol., p. 632), 
gave unambiguous syntheses. Those herein recorded start from naphthalene derivatives and 
may be represented : 


R 
S 


stl ’ 
o-Bromonitrobenzene derivative HN Zp 


+ —_ —> 
1-Iodonaphthalene + Cu WA IN 
gr 
W\4 
(II.) 


Ethyl 4-bromo-3-nitrobenzoate and l-iodonaphthalene were condensed in the presence of 
copper bronze to give 1-(2-nitro-4-carbethoxyphenyl)naphthalene (I; R = CO,Et, R’ = H) 
which on reduction with hydrogen in the presence of Raney nickel yielded 1-(2-amino-4- 
carbethoxyphenyl)naphthalene (II; R= CO,Et, R’ =H). Diazotisation of the amine and 
warming the diazonium solution with copper bronze effected cyclisation to ethyl fluoranthene-11- 
carboxylate (III; R= CO,Et, R’=H). Hydrolysis of this ester with alcoholic sodium 
hydroxide gave fluoranthene-1l-carboxylic acid (von Braun and Manz, loc. cit.). 

Ethyl] fluoranthene-11-carboxylate was transformed by the method of McFadyen and Stevens 
(J., 1936, 384) through the acid hydrazide and benzenesulphonhydrazide into fluoranthene-11- 
aldehyde, whose 2 : 4-dinitrophenylhydrazone was prepared. Reduction of the aldehyde by the 
Huang-Minlon modification of the Kishner—Wolff reaction (J. Amer. Chem. Soc., 1946, 68, 
2487) gave 11-methylfluoranthene (III; R= Me, R’ = H) whose complexes with picric acid, 
s-trinitrobenzene, and 2 : 4: 7-trinitrofluorenone were prepared. 

In order to obtain independent evidence of the structure of this 11-methylfluoranthene 
its direct synthesis was undertaken: 1l-iodonaphthalene and 4-bromo-3-nitrotoluene were 
condensed in the presence of copper at 150° (higher temperatures led to some formation of 
2 : 2’-dinitro-4 : 4’-dimethyldiphenyl) to form an oil which was mainly 1-(2-nitro-4-methyl- 
phenyl)naphthalene (I; R = Me, R’=H). Reduction of the oil with hydrogen—Raney nicke} 
gave 1-(2-amino-4-methylphenyl)naphthalene (II; R = Me, R’ = H) which on cyclisation, as 
before, yielded 11-methylfluoranthene, identical with that obtained by reduction of ethyl 
fluoranthene-11-carboxylate. 

Oxidation of 11-methylfluoranthene with the theoretical quantity of sodium dichromate in 
acetic acid gave, instead of the desired fluoranthene-11l-carboxylic acid, a compound which 
appears to be 6(or 7)-methylfluorenone-1-carboxylic acid. 

10-Methylfluoranthene (III; R = H, R’ = Me) was synthesised by the method adopted for 
the ll-isomer, viz., by reaction of l-iodonaphthalene with 2-bromo-3-nitrotoluene to give 
1-(2-nitrophenyl-6-methylphenyl)naphthalene (1; R = H, R’ = Me) (cf. Bell, J., 1934, 835, who, 
found that l-iodonaphthalene could not be condensed with 2-iodo-3-nitrotoluene). The com- 
pound (I; R = H, R’ = Me) was reduced to 1-(2-amino-6-methylphenyl)naphthalene (II; R = H, 
R’ = Me), which, on cyclisation, gave 10-methylfiluoranthene (III; R= H, R’ = Me). 


EXPERIMENTAL. 


Synthesis of Ethyl Fluoranthene-11-carboxylate (II1; R = CO,Et, R’ = H).—1-(2-Nitro-4-carbethoxy- 
nay apne 1-Iodonaphthalene (3 g.), ethyl 4-bromo-3-nitrobenzoate (3-2 g.), and copper 
ronze (2-5 g.) were heated at 210° for 1-25 hours with frequent stirring. After cooling, the mixture was 
extracted with boiling ethanol (4 x 15 ml.). Evaporation of the filtrate gave a sticky dark brown solid 
which after chromatography (alumina—benzene) and crystallisation from ethyl acetate gave golden- 
yellow, stout prisms of 1-(2-nitro-4-carbethoxyphenyl)naphthalene (I; R = CO,Et, R’ = H), m. p. 
greg (1-6 g., 42%) (Found: C, 70-7; H, 4:8; N, 4:6. Cy H,,0,N requires C, 71-0; H, 4-7; 
, 44%). 
1-(2-Amino-4-carbethoxyphenyl)naphthalene (Il; R= CO,Et, R’ =H). 1-(2-Nitro-4-carbethoxy- 
phenyl)naphthalene (1-0 g.) was reduced catalytically (hydrogen—Raney nickel) with ethanol (100 ml.) 
as solvent. The Raney nickel was removed and extracted with boiling ether (4 x 20 ml.). The 
combined filtrates gave, on evaporation, 1-(2-amino-4-carbethoxyphenyl)naphthalene which crystallised 
from light petroleum (b. p. 60—80°) in colourless stellar clusters, m. p. 131—132° (0-75 g., 83%) Found: 
C, 78-45; H, 5-8; N, 4-9. C,,H,,O,N requires C, 78:3; H, 5-9; N, 48%). 
Ethyl fiuoranthene-11-carboxylate (IIl; R= CO,Et, R’ =H). 1-(2-Amino-4-carbethoxypheny))- 
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naphthalene (2-89 g.) was diazotised (sodium nitrite and dilute sulphuric acid), excess of nitrite was 
removed by addition of a little urea, and the diazonium solution filtered and warmed for 1-5 hours with 
copper bronze (3-0 g.). Extraction of the copper with ethanol (6 x 15 ml.) gave an oil which, after 
chromatography (alumina-—benzene) gave a e yellow oil which crystallised from petroleum (b. p. 
60—80°) in colourless plates of ethyl fluoranthene-11-carboxylate, m. p. 90—91° (0-41 g., 15%) (Found : 
C, 83-2; H, 5-15. C,.H,,O, requires C, 83-1; H, 5-1%). It formed a complex with 2: 4: 7-trinitro- 
fiuorenone—small yellow needles (glacial acetic acid), m. p. 167—169° (Found: C, 65-3; H, 3-3. 
CygH,02,C13H,O,N, requires C, 65-2; H, 3-25%). 

Hydrolysis of Ethyl Fluoranthene-11-carboxylate-—This ester (0-05 g.), sodium hydroxide (0-25 g.), 
water (4 ml.), and ethanol (0-5 ml.) were heated under reflux until all the solid dissolved (6 hours). The 
solution was acidified with dilute hydrochloric acid. Crystallisation of the precipitated acid gave 
colourless needles (glacial acetic acid) of fluoranthene-11-carboxylic acid, m. p. 278—280° (0-04 g., 95%). 

Reduction of Ethyl Fluovranthene-11-carboxylate-——The ester (1-0 g.), ethanol (5 ml.), and hydrazine 
hydrate (90% ; 4 ml.) were heated under reflux for 3 hours, a colourless solid, m. p. ~203—208°, slowly 
separating ; it was practically insoluble in ethanol, benzene, or ether, and is probably the acid hydrazide 
(0-93 g., 98%). The crude hydrazide (0-93 g.) was dissolved in dry pyridine (7 ml.), and benzenesulphonyl 
chloride (0-65 g.) added. After 2-5 hours, the mixture was poured into dilute hydrochloric 
acid, and the precipitated solid separated, m. p. ~220° (0-86 g., 62%). This unpurified benzene- 
sulphonhydrazide (0-86 g.) in ethylene glycol (8-6 ml.) was heated to 120°, and anhydrous sodium 
carbonate (1-2 g., 5 equivs.) added. The temperature was raised to 125° for 1 hour, then the reaction 
was stopped by addition of hot water. The solid (0-48 g.) which separated contained fluoranthene-11- 
aldehyde, which gave a 2: 4-dinitrophenylhydrazone, small red crystals (glacial acetic acid), m. p. 
296—298° (Found: N, 18-4. C,,H,,O,N, requires N, 13-65%). 

The solid (0-9 g.) containing fluoranthene-1l-aldehyde, hydrazine hydrate (90%; 0-37 ml.), 2 : 2’-di- 
hydroxydiethyl ether (6-2 ml.), and sodium hydroxide (0-38 g.) were heated under reflux for 1 hour. 
The condenser was then removed, the mixture boiled until the temperature reached 200°, and heating 
continued for 3 hours. The solution was acidified with dilute hydrochloric acid, the precipitated oil 
extracted with benzene, and the solvent removed. The residue was dissolved in ethanol, and picric 
acid (0-9 g.) added; the 1l-methylfluoranthene picrate obtained—dark orange needles (ethanol)— has 
m. p. 150—153° (Found: C, 62-0; H, 3-3; N, 9-6. C,,H4,.,C,H;O,N, requires C, 62-0; H, 3-4; N, 
9-4%). On shaking of a benzene solution of this picrate with sodium hydrogen carbonate solution, 
followed by evaporation of the benzene, 11-methylfiuoranthene (II1; R = Me, R’ = H), m. p. 88—90°, 
was obtained in colourless needles from methanol (Found: C, 94-1; H, 5-6. C,,H,, requires C, 94-4; 
H, 56%). It also formed a s-trinitrobenzene complex, yellow needles from ethanol, m. p. 171—174° 
(Found: C, 643; H, 3-45; N, 9-8. C,,H,,.,C,H;O,N, requires C, 64-3; H, 8-5; N, 98%), and a 
2:4: 7-trinitrofluorenone complex, orange needles (glacial acetic acid), m. p. 196—198° (Found: 
C, 67-9; H, 3-3; N, 8-1. C,H 4,C,;H,O,N, requires C, 67-8; H, 3:2; N, 7-9%). 

Synthesis of 11-Methylfiuoranthene (III; R = Me, R’ = H).—Condensation of 1-iodonaphthalene and 
4-bromo-3-nitrotoluene. 1-lodonaphthalene (9-0 g.), 4-bromo-3-nitrotoluene (7-5 g.), and copper bronze 
(9-0 g.) were heated together on an oil-bath at 150° for 4 hours. Extraction of the resulting greenish 
mixture with ether and evaporation of the solvent yielded a heavy oil which on distillation gave 
(i) unchanged 4-bromo-3-nitrotoluene (0-7 g., 9%), (ii) an orange oil which on crystallisation from ethanol 
gave 2: 2’-dinitro-4 : 4’-dimethyldiphenyl, m. p. 141° (2-1 g.), and (iii) a heavy red oil, b. p. 
196—200°/0-7 mm. [from which more 2 : 2’-dinitro-4 : 4’-dimethyldipheny] (0-5 g.) was obtained]. This 
on being chromatographed (alumina—benzene) yielded more 2 : 2’-dinitro-4 : 4’-dimethyldiphenyl and a 
yellow oil which resisted crystallisation (4-8 g.) and was assumed to be mainly 1-(2-nitro-4-methyl- 
phenyl)naphthalene. 

1-(2-A mino-4-methylphenyl)naphthalene (Il; R = Me, R’ = H). The above oil (4-8 g.) was reduced 
(hydrogen—Raney nickel). After filtration, evaporation, and crystallisation from ethanol, 1-(2-amino-4- 
methylphenyl)naphthalene was obtained as colourless prisms, m. p. 85—87° (2.6 g., 60%) (Found: C, 
87:3; H, 6-3; N, 5-75. C,,H,;N requires C, 87-5; H, 6-4; N, 6-0%). This amine formed a picrate, 
yellow needles (methanol), m. p. 110—112° (Found: C, 59-5; H, 44; N, 12-1. C,,H,,N,C,H,0,N, 
requires C, 59-7; H, 3-9; N, 12-1%). 

11-Methylfluoranthene (II1; R= Me, R’ =H). 1-(2-Amino-4«methylphenyl)naphthalene (2-3 g.) 
was diazotised (sodium nitrite and dilute sulphuric acid), and the filtered diazonium solution warmed 
for 1 hour with copper bronze (3-5 g.). The copper was extracted with boiling alcohol (6 x 15 ml.), 
and picric acid added to the concentrated solution. Decomposition of the picrate, as before, yielded 
11-methylfluoranthene, m. p. 88—90°, identical with that obtained ‘by reduction of ethyl fluoranthene- 
11-carboxylate. 

Oxidation of 11-Methylfluoranthene.—11-Methylfluoranthene (0-1 g.) was heated under reflux with 
sodium dichromate (0-18 g.), glacial acetic acid (4 ml.), and water (2 drops) for 40 minutes, the solution 
poured into dilute sulphuric acid, and the precipitated solid extracted with ether, which was then 
shaken with dilute aqueous ammonia. The ethereal layer gave unchanged 11-methylfluoranthene. 
Acidification of the aqueous layer yielded an acid, probably 6(or 7)-methylfluorenone-l-carboxylic acid, 
which crystallised from benzene in orange-brown needles softening at 156°, m. p. 166—168° (Found : 
C, 76-0; N, 4:3. C,,H 0, requires C, 75-6; H, 4-2%). 

Synthesis of 10-Methylfluoranthene (II1; R = H, R’ = Me).—1-(2-Nitro-6-methylphenyl)naphthalene 
(I; R =H, R’=Me) was prepared, by heating l-iodonaphthalene with 2-bromo-3-nitrotoluene and 
copper bronze at 210°, as pale yellow prisms (methanol), m. p. 110—111° (Found: C, 77-3; H, 5-15; 
N, 5-4. (C,,H,,0,N requires C, 77-6; H, 4-9; N, 5-3%). 

1-(2-Amino-6-methylphenyl)naphthalene (II; R= H, R’ = Me). The foregoing nitro-compound 
(0-526 g.) in ethanol was reduced (hydrogen—Raney nickel). The evaporated filtrate deposited white 
needles of oe ergy fe Oa po ee m. p. 114—116° (methanol) (0-31 g., 65%) (Found : 
C, 87-4; H, 64; N,6-1. C,,H,,N requires C, 87-5; H, 6-4; N, 60%). 

10-Methylfiluoranthene (II1; R = H, R’ = Me). The above amine (0-7 g.) was diazotised, and the 
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676. Syntheses in the Penicillin Field. Part V. The Structure 
and Reduction of Some Thiazolinyloxalones.t+ 


By R. BentLey, A. H. Cook, and J. A. ELvIDGE, 


The structure of the previously described thiazolinyloxazolones is discussed in relation to 
simpler oxazolones, their precursors, and their degradation products. The formation of two 
isomeric methyl derivatives (VIII) from (III) is explained in the light of degradation to N-methyl- 
penicillamine ester hydrochloride, characterised as the thiazolidine formed by condensation 
with acetone. This thiazolidine was also synthesised from 5 : 5-dimethylthiazolidine-2 : 4-di- 
carboxylic acid. Some attempts to reduce thiazolidylideneoxazolones are also described. 


CoMPARISON of the ultra-violet absorption spectra (Table I) of the compounds obtained by 
cyclising the dehydropenicilloate (I; R = ~-C,H,*NO,) revealed increasing conjugation in 
passing from the thiazoline (I; R = p-C,H,*NO,, R’ = Et) through the 5-ethoxyoxazole (II) 
to the oxazolone (III) and suggested, therefore, that (III; R= p-C,H,*NO,) and not the 
alternative A?*-thiazolinyloxazolone (or A?*-thiazolinyl-hydroxyoxazole) formulation best 
represented the structure of the oxazolone. 


MeO,C-‘CH-N CO,R’ MeO,C-‘CH'N C(OEt)-0 MeO,C-CH-‘NH eek 
Me,C-S‘C—CH:NH:COR Me,C-S‘C—C—N=C-R Me,C-S*C==C-N:C-R 
(I.) (II.) (III.) 
CO,H-CH————NH_ CO- o- 
Me,C*S‘CH,Ph CH=C-N:C-CH,Ph HO-CH:C-N7C-CH,Ph 
(IV.) (V.) 


Similarly, it appeared from the absorption spectra of the oxazolones derived from methyl 
n-amyl- and benzyl-dehydropenicilloates that the structures (III; R = n-C,;H,,) and (III; 
R = CH,Ph), respectively, provided the best representation for these compounds. The 
positions and intensities of the absorption bands are to be compared with the data for the less 
complex oxazolones listed in Table I. 

The formation of oxazolones from the dehydropenicilloates where other acylamido-acid esters 
give 5-alkoxyoxazoles suggested that the A?-thiazoline formulation of the dehydropenicilloates 
(I) might be wrong. If these compounds possess the isomeric 2-thiazolidylidene structures, then 
cyclisation to conjugated (i.e., stabilised) oxazolones would occasion no surprise. Certainly, 
the main ultra-violet absorption band of the dehydropenicilloates is at a considerably longer 
wave-length (ca. 2900 a.) than is to be expected for A?-thiazolines, but at present little can be 
predicted regarding the absorption properties of the alternative systems : 


CO,R”CH'N CO,R’ and CO:3R’“CH*NH_ CO,R’ 
Me,C-S‘-C—CH-NH-COR Me,C-S-C==C-NH-COR 


In favour of the thiazolidylidene structure of the dehydropenicilloates must be cited the 
resistance to reduction by aluminium amalgam of these compounds and the corresponding nitriles 
(cf. Parts VII and VIII). On the other hand, the formation of an ethoxyowazole in one instance 


+ A full description of the preparation of the thiazolinyloxazolones is given in ‘“‘ The Chemistry of 
Penicillin,’ Princeton Univ. Press, 1949, p.857. The present account deals with work carried out largely 
after expiration of the co-operative wartime Anglo-American research on penicillin. 
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TABLE I, 


Compound. Ames A- Et Sm. 

4-Carbomethoxy-5 : 5-dimethyl-2-p-nitrobenzamidocarbethoxymethylthiazoline (I; 2820? 685 

R = p-C,H,’NO,, R’ = Et) 2880 * 660 

5-Ethoxy-2-p-nitrophenyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)oxazole 2510 400 

(Il; R = p-C,H,’NO,) 2800*2 280 

3560 350 

nee iene s : 5-dimethyl-2-thiazolidylidene)oxazolone 2510 360 

(III; R = p-C,H,’NO,) 3220 260 

4020 820 

4120 * 800 

4-Carbomethoxy-5 : 5-dimethyl-2-phenylacetamidocarbobenzyloxymethylthiazoline. 2910 470 
(I; R = R’ = CH,Ph 

4-Carbomethoxy-5 : 5-dimethyl-2-n-hexoamidocarbobenzyloxymethylthiazoline (I; 2820 430 

R = C,H,,, R’ = CH,Ph) 2900 430 

2-Benzyl-4-(4-carbomethoxy-5:5-dimethyl-2-thiazolidylidene)oxazolone (III; 2410 300 

R = CH,Ph) 3300 770 

2-n-Amyl1-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolidylidene)oxazolone (III; 2480 150 

R = n-C,H,;) 3300 675 

S-Benzyl benzylpenicillenic acid (IV) } 2400 * 177 

3225 660 

2-Benzyl-4-hydroxymethyleneoxazol-5-one (V) ? 2400 ¢ 222 


3000 818 
* Inflexion. 


All measurements were made in chloroform unless stated otherwise. 14 Merck & Co., Inc., M. 12c.; 
op. cit., p. 163. * In ethanol. * In methanol. ‘ In 0-01N-sodium hydroxide. 


(see later) and perhaps the C-nitrosation of the precursors (VI; R = Ph’CH, and Et) are facts 
which lend support to a A?-thiazoline formulation for the dehydropenicilloates since the precursors 
absorb at the same wave-length. It may be, therefore, that tautomerism occurs. 

In the case of the oxazolone products, on the other hand, available evidence (as already 
described) points solely to the thiazolidylidene structure. Further evidence for the correctness 
of this structure for the dehydropenicillins follows. 

Treatment of the acid (VII; R = CH,Ph) with ethereal hydrogen chloride yielded a hydrated 
hydrochloride which on basification regenerated (VII; R= CH,Ph). The ester (III; R= 
CH,Ph) also yielded a crystalline hydrochloride in contrast to the behaviour of the uncyclised 
precursors, the dehydropenicilloates. It seems that the basic centre is in the oxazolone ring 
since the NH group of the thiazolidine portion of (III) and (VIII) appears to be acidic as indicated 
by the reaction with diazomethane. When (VII; R = CH,Ph or n-C,H,,) was treated with one 
mole of diazomethane, (III; R = CH,Ph or n-C;H,,) was obtained. When, however, (VII; 
R = CH,Ph) or (III; R = CH,Ph) was treated with excess of diazomethane two isomeric 
dimethyl compounds were obtained (op. cit.). These compounds had similar absorption spectra 
both to one another and to the compounds (III; R = CH,Ph) and (VII; R = CH,Ph), and it 


CO,Me-CH-N "a ie Reaaavaick co 2Me-CH-} NMe eae 
Me,C-S-C-CH,°CO,R Me,C*S:C==—C-N:CR Me,C-S- c——t- *N:C’CH,Ph 
(VI.) (VII.) (VIIL.) 


appeared highly probable that they were the cis- and trans-forms of (VIII). Attempts toseparate 
(III) or (VII) into isomers (cis- and tvans-) were unsuccessful, although hydrated and unhydrated 
forms of (VII; R = CH,Ph) were obtained and (III; R = CH,Ph) formed two polymorphs, 


TABLE II. 


Thiazolidylideneoxazolones. Aen, A» Et. Thiazolidylideneoxazolones. Amax., A. Ei% =, 
(VIL; R = n-C;H,,) 2370 145 (VIL; R = CH,Ph) hydrochlor- 2420 185 
_ 8290 800 ide hemihydrate 24501 
3300 630 
(VII; R = CH,Ph) anhydrous 2440 190 
2480 (VIII) form B, m. p. 110—111° 2420 185 
3300 800 2440 


3300 870. 
(VII; R = CH,Ph) hemihydrate 2440 200 
2490 
3320 730 


All measurements were made in chloroform unless stated otherwise. 4 In ethanol. 
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crystallising as prisms and needles, of which the latter tended to pass into the former on recrystal- 
lisation. The absorption spectra of the compounds described above are listed in Table II. 

With ferric chloride in aqueous ethanol the acids (VII; R = CH,Ph and n-C;H,,), as well 
as the hemihydrate and hydrochloride of the former, gave Prussian-blue colours. Unlike the 
blue colour given by the mercapto-acids, penicillamine, cysteine, and thioglycollic acid, however, 
the colorations were persistent, and furthermore the acid (VII; R = CH,Ph) was recovered 
largely unchanged after treatment for 60 minutes with brominein chloroform. By polarography, 
the absence of a mercapto-group in the molecule was demonstrated conclusively. The esters 
(III; R = CH,Ph and n-C,H,,), (VIII), and all the previously described 4-carbomethoxy- 
thiazoline derivatives (see op. cit., p. 886) produced no coloration with ferric chloride, whereas 
all the 4-carboxythiazolines including dehydropenicilloates did so. Thus it appears that this 
blue coloration is a characteristic of the thiazoline system, is not indicative of a free mercapto- 
group, and has no connection with the oxazolone portion of the molecules (11) and (VII). 


HO,C-CH'N —_.». HO,C-CH-NH 
sbet-cn< was beeuc< 
By analogy with the hydrolytic scission of thiazolidines with mercuric chloride, similar 
degradation of compounds (III) and (VIII) should provide evidence for their structures. After 
treatment of the product of the interaction of (III; R = CH,Ph) and methanolic mercuric 
chloride with hydrogen sulphide, penicillamine methyl ester hydrochloride (IX; R = H) was 


isolated. Similar degradation of (VIII) (m. p. 151—152°) furnished a water-soluble fraction which 
failed to crystallise. The latter material resembled penicillamine methyl ester hydrochloride in 


Me,0-—CH-CO,Me MeCO  MesC———CH-CO,Me Me,CS-CH-CO,R” 
SH NHR,HCI > S-CMe,'NR,HCl RO,C-CH-‘NR’ 
{1X.) {X.) (XL) 


giving a purple colour with ferric chloride in the presence of sodium hydrogen carbonate. Since 
this thiol reaction was no longer given after the gum had been heated with acetone it appeared 
that condensation had occurred. The crystalline product subsequently isolated differed from 
{X; R = H), however, and was regarded as the N-methylthiazolidine (K; R= Me), proof of 


its structure being provided by the following synthesis. Penicillamine hydrochloride was 
condensed with glyoxylic acid to give 5: 5-dimethylthiazolidine-2 : 4-dicarboxylic acid (XI; 
R = R’ = R” = 4H), which reacted with excess of diazomethane to yield dimethyl 3: 5 : 5-tr- 
methylthiazolidine-2 : 4-dicarboxylate (KI; R= R’ = R” = Me) isolated as the known 
hydrochloride (Part I). Hydrolytic scission of the latter with methanolic mercuric chloride 
provided N-methylpenicillamine methyl ester hydrochloride (IX; R = Me) as a gum, which 
afforded the crystalline thiazolidine (X; R = Me), identical with the product obtained earlier. 
It should be mentioned that other possible routes to (IX; R = Me) and thence (X; R = Me) 
‘were unsuccessful. Thus the base corresponding to (K; R= H) did not react with 
diazomethane, and N-toluene-p-sulphonyl-S-benzylpenicillamine failed to undergo N-methylation 
in alkaline solution with methyl sulphate (cf. Cocker and Lapworth, J., 1931, 1894) or methyl 
iodide (cf. Fischer and Lifschitz, Ber., 1915, 48, 360; du Vigneaud and Behrens, J. Biol. Chem., 
1937, 117, 27). Similarly N-benzoyl-S-benzylpenicillamine failed to give the expected 
N-methyl derivative, and the attempted preparation of N-methylpenicillamine by the reaction 
of thiazolidines, derived from penicillamine or penicillamine methyl ester and formaldehyde, 
with sodium in ammonia (cf., Upjohn Co., op. cit., p. 460; U.18; CPS. 448 *) or methy] iodide 
in dioxan could not be effected. 

The degradation of the high-melting form of (VIII) to N-methylpenicillamine methyl ester 
proved that the structure (VIII) and thence (III) was correct, and since the isomerides (VIII) 
have similar absorption spectra they must be regarded as having different geometric 
configurations, 

Having obtained thiazolinyloxazolones by cyclisation of dehydropenicilloates, attempts were 
made to effect reduction in the hope that penicillins might be produced. Initially, the isolation 
of reduction products was not of primary importance and only antibacterial activity was sought. 

Repeated assay (plate method against Staph. aureus) showed (III; R = CH,Ph) to possess 
small antibacterial activity (0°5—1-0 unit/mg.) in 50% aqueous acetone, in contrast to the acid 
(VII; R = CH,Ph) which was virtually inactive in aqueous phosphate buffer at pH 7. The 
activity was not increased, however, by attempted reduction under a variety of conditions, which 


* References to penicillin reports in this Series of papers are given in the form detailed in the preface 
to ‘‘ The Chemistry of Penicillin.” 
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included catalytic hydrogenation under pressure, treatment with aluminium amalgam in moist 
solvents, and reaction with magnesium and sulphur dioxide. Attempted reduction of (III; 
R = n-C,H,,) or (VII; R = n-C,;H,,) likewise led to no enhanced antibiotic activity. The 
possibility of oxidising the thiazolinyloxazolones to the corresponding sulphones or sulphoxides 
was then briefly examined, in the hope that, by raising the sulphur atom to a higher state of 
oxidation, poisoning of hydrogenation catalysts would be obviated. The compound (III; 
R = CH,Ph), however, appeared to be stable to hydrogen peroxide and sodium periodate, and 
other common oxidising agents seemed inadmissible. 

When added to culture media, neither (VII; R = m-C,H,,) nor (VII; R = CH,Ph), at 
concentrations of 0°005—0°32%, produced any significant increase in the yields of penicillin 
given by surface growths of Penicillium notatum 1249. Thus in no sense did they behave as 
penicillin precursors. 

Renewed efforts to effect catalytic hydrogenation of (III; R = CH,Ph) afforded results 
which served to emphasise the stability of the thiazolinyloxazolone system. Thus, using a 
mixture of palladium on charcoal and barium sulphate (Mozingo et al., J. Amer. Chem. Soc., 1945, 
67, 2092) and Raney nickel (Pavlic and Adkins, ibid., 1946, 68, 1471), hydrogenation at atmos- 
pheric pressure afforded a pale green nickel complex, together with a base which formed a 
crystalline hydrochloride. From the analytical data, light absorption, and properties, it appeared 
that these compounds were best represented as (XII) and (XIII), respectively. Hence, it was 


one |i me OH-CHy-CH-NH 
Me,C-S*C==C-N:C-CH,Ph _},™* Me,C-S‘C==C-N:C-CH,Ph 
(XI1.) (XIII.) 


concluded that, in order to effect reduction of the exocyclic double bond, conditions more 
vigorous than those required to effect hydrogenolytic attack at the penicillamine carbomethoxy- 
group would be necessary. The possibility of isolating a thiazolidyloxazolone or the required 
re-arrangement product, a thiazolidine-$-lactam, seemed very slight and new approaches to the 
problem of thiazolidyloxazolone and penicillin synthesis were therefore devised (see Parts VI, 
VII, and VIII). 


EXPERIMENTAL. 


Methylation of Thiazolidylideneoxazolones.—(a) 2-Benzyl-4-(4-carboxy-5 : 5-dimethyl-2-thiazolidyl- 
idene)oxazolone hemihydrate (215 mg.) in chloroform was treated slowly with 0-2N-diazomethane in 
ether (3-2c.c.). After 30 minutes, the solution was extracted with aqueous sodium hydrogen carbonate, 
concentrated in vacuo, and then diluted with ether-light petroleum. Characteristic compact prisms 
(90 mg.) separated and were identified by mixed m. p. as 2-benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2- 
thiazolidylidene)oxazolone. (b) The hemihydrate (200 mg.) dissolved with vigorous effervescence in 
excess of ethereal diazomethane. By evaporation of the solution im vacuo and addition of ether-light 
petroleum, two crystal crops were obtained: 90 mg., m. p. 149—150°, and 80 mg., m. p. 104—108°. 
From chloroform-light petroleum, form A of 2-benzyl-4-(4-carbomethoxy-3 : 5 : 5-trimethyl-2-thiazolidyl- 
idene)oxazolone separated as prisms, m. p. 151—152° (Found: C, 59-8; H, 5-6; N, 7-9. 1sH ,0,N, 
requires C, 60-0; H, 5-6; N, 7-8%). Form B of the oxazolone crystallised from the same solvents as 
laths, m. p. 110—111° (Found: C, 59-8; H, 5-7; N, 7-6%). (c) A mixture of the same two isomers 
(separat as above) was also obtained on treating 2-benzyl-4-(4-carbomethoxy-5: 5: dimethyl- 
thiazolidylidene)oxazolone (200 mg.) in purified acetone (5 c.c.) with excess of ethereal diazomethane for 
16 hours. 

Degradation of Thiazolidylideneoxazolones.—(a) 2-Benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thia- 
zolidylidene)oxazolone (300 mg.) was dissolved in a 10% solution of mercuric chloride in methanol 
(25 c.c.). After 24 hours, a trace of precipitate was rejected, and hydrogen sulphide was passed into the 
solution, the filtrate from the mercuric sulphide then being evaporated in vacuo to leave a partly crystalline 
residue. Water (5 c.c.) was added: the insoluble portion which failed to crystallise had an odour of 
phenylacetic acid. The aqueous extract gave with 5% mercuric chloride a white precipitate which was 
dissolved in moist ethyl acetate and decomposed with hydrogen sulphide. Evaporation of the filtrate 
from this decomposition afforded needles, m. p. 167° (decomp.), identified as penicillamine methyl ester 
hydrochloride by mixed m. p. with an authentic specimen and by the ferric chloride test (transient 
purple coloration in the presence of aqueous sodium hydrogen carbonate). (b) 2-Benzyl-4-(4-carbo- 
methoxy-3 : 5 : 5-trimethyl-2-thiazolidylidene)oxazolone (0-5 g.), m. p. 149—150°, was dissolved in a 
solution of mercuric chloride (3 g.) in dry methanol (30 c.c.). After 24 hours, hydrogen sulphide was 
passed through the solution, and the filtrate worked up, as previously, for the mercapto-amino-acid 
fragment. This formed an oil which gave a purple coloration with aqueous ferric chloride in the presence 
of sodium hydrogen carbonate, but not after first warming it with acetone. By evaporation of the 
acetone, a gum was obtained which slowly crystallised from chloroform-ether in prisms, m. p. 163° 
(decomp.), which depressed the m. p. of a specimen of 4-carbomethoxy-2 : 2 : 5 : 5-tetramethylthiazolidine 
hydrochloride [m. p. 160—161° Sascomne.J} to ca. 135°. The material was identified by mixed m. p. with 
the thiazolidine hydrochloride prepared below. 

Methyl 2: 2:3: 5: 5-Pentamethylthiazolidine-4-carboxylate Hydrochloride ——Glyoxylic acid (Perkin, 
J., 1877, 82, 96) was added gradually to a hot solution of penicillamine hydrochloride (4 g.) in ethanol 
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(10 c.c.) until a positive ferric chloride reaction (indigo blue in aqueous solution) was no longer given. 
Evaporation of the solution then afforded an oil which crystallised when left under water. Purified by 
treatment of an new sodium hydrogen carbonate (charcoal) solution with hydrochloric acid, 5 : 5-dj- 
methylthiazolidine-2 : 4-dicarboxylic acid (1-8 g.) formed compact prisms, m. p. 205° (decomp.) (Found: 
C, 40-5; H,5-4. C,H,,0,NS requires C, 41-0; H,5-4%). This acid with excess of ethereal diazomethane 
gave during 24 hours dimethyl 3: 5: 5-trimethylthiazolidine-2 : 4-dicarboxylate, isolated as the 
hydrochloride, m. p. 129—130° (Part I). This salt (1-2 g.) in methanol (5 c.c.) was warmed for 15 
minutes with 5% aqueous mercuric chloride (sufficient to cause turbidity), and then treated with excess 
of the reagent (100 c.c.) and water (100c.c.). After 2 hours the dense precipitate was suspended in moist 
ethyl acetate and decomposed with hydrogen sulphide, the filtrate solution filtered, and evaporated toa 
water-soluble oil which gave, in the presence of sodium hydrogen carbonate, a purple coloration with 
ferric chloride. After the oily N-methylpenicillamine methyl ester hydrochloride had been warmed 
with acetone (3 c.c.) this colour reaction was no longer given, and crystallisation occurred on spontaneous 
evaporation of the acetone. The methyl 2: 2:3: 5: 5-pentamethylthiazolidine-4-carboxylate hydro- 
chloride separated in prismatic needles, m. p. 164° (decomp). 

N-Toluene-p-sulphonyl-S-benzylpenicillamine.—S-Benzylpenicillamine (24 g.), toluene-p-sulphony] 
chloride (38 g.), and ether (100 c.c.) were shaken and 2N-sodium hydroxide (250 c.c.) was added in 4 
portions, with cooling in ice. The aqueous layer was acidified with concentrated hydrochloric acid at 0° 
and the N-toluene-p-sulphonyl-S-benzylpenicillamine filtered off (yield: 32 g., 80%); it separated from 
ethanol—water in colourless prisms, m. p. 173° (Found : C, 58-2; H, 6-1; N, 3-9. Cj, 9H,,;0,NS, requires 
C, 58-0; H, 5-9; N, 36%). Attempts to effect N-methylation failed. 

Further Attempts to reduce (111; R = CH,Ph).—2-Benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2- 
thiazolidylidene)oxazolone (0-5 g.) was shaken with Raney nickel (ca. 1 g.) (Pavlic and Adkins, loc. cit.), 
palladium-barium sulphate (0-2 g.), and palladium-norite (0-5 g.) (Mozingo e¢ al., loc. cit.) in hydrogen for 
3-5hours. After filtration and evaporation, the gum was dissolved in acetone, and a green solid obtained 
by spontaneous evaporation. Recrystallisation from chloroform—ether gave pale green hair-like needles, 
m. p. 225° (decomp.), of the nickel complex of 2-benzyl-4-(4-carboxy-5 : 5-dimethyl-2-thiazolidylidene)- 
oxazolone [Found: C, 53-4; H, 4-6; N, 7:7; S, 8-5. (C,gH,,;0,N,S),Ni requires C, 53-3; H, 4-2; N, 
7-8; S, 89%]. Light absorption (in chloroform) : Maximum, 3300 a.; E}%, = 360. The filtrate from 
the vickel complex was evaporated, the residue dissolved in a small volume of ethanol, and ether (15 c.c.) 
added. Clarification and addition of ethereal hydrogen chloride gave crystals of 2-benzyl-4-(5 : 5-di- 
methyl-4-hydroxymethyl-2-thiazolidylidene)oxazolone hydrochloride which separated from ethyl acetate- 
ether in clumps of fine needles, m. p, 136° (Found: C, 54-2; H, 5-4; N, 8-0. C,gH,O,;N,CIS requires 
C, 54-2; H, 5-4; N, 7-9%). Light absorption (in ethanol) : Maximum, 3300 a.; Ei%, = 650. 


The authors thank Dr. E. A. Braude for light-absorption data. Grateful acknowledgment is made of 
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677. Syntheses in the Penicillin Field. Part VI. Attempts to 
synthesise True Thiazolinyloxazolones. 


By A. H. Coox, J. A. Etvipce, A. R. Granam, and G. Harris. 


The compounds previously described as thiazolinyloxazolones were shown in Part V to be 
thiazolidylideneoxazolones (II) and thus not reducible to thiazolidyloxazolones or penicillins. 
The present work records attempts to obtain true A®-thiazolinyloxazolones by the synthesis of 
the ‘“‘ methyldehydropenicillins ’’ (I). Reduction of the compounds (I) would lead to methyl 
analogues of the penicillins, but the desired intermediates were not obtained. 


THIAZOLIDYLIDENEOXAZOLONES (II) (Part V) were prepared, via the thiazoline (III; R = H, 
R’ = Et, or CH,Ph), from penicillamine methyl ester and the imino-ethers derived from esters 
of cyanoacetic acid (‘‘ The Chemistry of Penicillin,’ Princeton Univ. Press, 1949, p. 858). An 
obvious route to the thiazoline (III; R = Me, R’ = Et), required for the preparation of (I) by 
a similar series of reactions, lay in the use of ethyl «-cyanopropionate. The preparation of this 
ester by treating the crystalline monosodio-derivative of ethyl cyanoacetate with methyl iodide 
in anhydrous ether was unsatisfactory. Reaction of the imino-ether, obtained from the product 


MeO,C’‘CH:N ¢CO—0O MeO,C‘CH‘NH CO— 
(1.) Me,C‘S-C—CMe-N:CR Me,C‘S-C==C-N:CR _(IT.) 
MeO,C-CH-N McO,C’CH-N N:N-C,H,Cl 
(III.) Me,C-S-C-CHR-CO,R’ Me,C’S-C—CR:CO,Et (IV.) 


of this reaction, with penicillamine methyl ester yielded an oily thiazoline containing much of 
the compound (III; R = H, R = Et) in addition to (III; R = Me, R’ = Et), as was shown 
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by its reaction with p-chlorobenzenediazonium chloride to yield the azo-derivative (IV; R = H). 
This azo-derivative was also obtained from the pure thiazoline (III; R = H, R’ = Et) which 
failed to yield (III; R = Me, R’ = Et) when treated with sodium and methyl iodide. However, 
pure ethyl a-cyanopropionate, obtained via ethyl a-bromopropionate (Auwers and Bernhardi, 
Ber., 1891, 24, 2219; Steel, J. Amer. Chem. Soc., 1931, 58, 286), reacted satisfactorily with 
ethanol and dry hydrogen chloride to give the imino-ether, which was condensed successfully 
with penicillamine methyl ester to give the thiazoline (III; R = Me, R’= Et). An attempt 
to couple this with -chlorobenzenediazonium chloride failed to give the expected derivative 
(IV; R= Me), but furnished instead an unknown compound, m. p. 174—175°, isolated by 
chromatography. Attempts were then made to nitrosate (III; R = Me, R’ = Et) by means of 
nitrosyl chloride and potassium acetate in acetic anhydride, and by milder methods, but from 
these reactions only starting material was recovered and alternative routes to the compound (V) 
had to be devised. Theinability of (III; R = Me, R’ = Et) to condense with p-chlorobenzene- 


naomny H, MeO,C-CH-NH 
(V.) Me,C-S-C—CMe:CO,Et ‘  Me,C*S-C!CMeCO,Et _—_ (VI) 


diazonium chloride or nitrosyl chloride, coupled with its ultra-violet absorption (Amax,, 2900 A.), 
suggests that it may possess the thiazolidylidene configuration (VI) which obviously cannot 
exhibit the malonic ester type of reactivity (cf. Part V). 

A further approach to (V) or its acyl derivatives involved the preparation of the imino-ether 
hydrochloride (VII) from the cyanohydrin of ethyl pyruvate. (VII) was condensed with 
penicillamine methyl ester in dry chloroform to give the thiazoline (VIII). This compound was 


EtO-C:NH,HCl MeO,C-‘CH-N OH 
(VII.) MeC(OH)-CO,Et Me,C‘S-C—CMe:CO,Et (VIII) 


of particular interest since it was the first example, in our hands, of a A*-thiazoline which could 
not exist in the thiazolidylidene form. The dehydropenicilloates and their precursors, described 
previously (op. cit., p. 857; Part V), had shown ultra-violet light absorption at 2800—2900 a. 
whereas compound (VIII) absorbed at 2400—2500 a. It appears highly probable, therefore, 
that the dehydropenicilloates, etc., exist in solution largely in the exocyclic double-bond form. 
This finding is in keeping with results obtained in the study of thiazolines containing simple 
substitutents at position 2 (Merck and Co., M. 25; CPS. 141) (cf. below). 

Attempts to cause the compound (VIII) to react directly with ethanolic ammonia failed to 
yield any product, and it was therefore treated with phosphorus tribromide and phosphorus 
pentachloride in chloroform. The desired halogenated products were not obtained however, 
and further reactions with ammonia or metallic derivatives of hexoamide or phenylacetamide 
were thus precluded. 

The most promising approach to the preparation of methyldehydropenicilloates (XII) was 
then in another use of ethyl pyruvate cyanohydrin. Treatment of this compound with ethanolic 
ammonia gave the amino-nitrile (IX), characterised as the crystalline oxalate and the hydrated 
hydrochloride. Acylation of the crude amino-nitrile or its derivatives with benzoyl and with 
phenylacetyl chloride in a mixture of aqueous sodium hydrogen carbonate and ether yielded the 
benzoyl and phenylacetyl compounds (X; R= Ph) and (X; R = CH,Ph), respectively. The 
yield of acyl derivatives obtained by direct acylation of the crude amino-nitrile was 25% (based 
on cyanohydrin), and attempts to increase it by increasing the proportion of ammonia to 
cyanohydrin gave unpromising results, probably due to reaction of the carbethoxy-group with 


CN-CMe-CO,Et CN-CMe-CO,Et HX{HN:CR“-CMe-CO,Et 
NH, NH-COR NH-COR 
(IX.) (X.) (XI) 
MeO,C-‘CH-N NH-COR R-CMe-CO,Et 
(XII) Me,C-S-C—CMe:CO,Et NH-CO-CH,Ph (XIII) 


ammonia. It was possible that the compounds (X) would react with alcohols to yield imino- 
ethers (XI; R’ = alkoxy) which might condense with penicillamine esters to give (XII), the 
required precursors of methyldehydropenicillins. An unexpected difficulty arose, ‘however, in 
the conversion of the nitriles (X) into imino-ethers (XI). Numerous attempts to condense the 
carefully dried nitrile in a suitable dry solvent with dry ethanol and dry hydrogen chloride led 
only to excellent yields of «-phenylacetamido-a-carbethoxypropionamide (XIII; R = CO-NH,). 
The use of dry methanol, »- or iso-propanol, or benzyl alcohol in place of ethanol gave the same 
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result, and in the last case benzyl chloride was identified as a reaction product. It is apparent 
that the desired imino-ether hydrochlorides, when formed, undergo a disproportionation reaction 
of the type shown by the imino-ethers derived from trichloroacetonitrile or nitroacetonitrile 
(Steinkopf, Ber., 1909, 42, 619), with the formation of the corresponding amide and halide, thus : 


R’ jP 
Ree a rc +R 
NH,HCI NH, 


The amide (XIII; R = CO-NH,) readily reacted with ethanolic hydrogen chloride to give the 
corresponding ester, ethyl a-phenylacetamido-a-methylmalonate (XIII; R = CO,Et). 

In contrast to the imino-ethers (XI; R’ = alkoxy), the ethyl imino-thioether (XI; R = CH,Ph, 
R’ = SEt), prepared from (X; R = CH,Ph) with ethanethiol (dried over calcium) and excess of 
dry hydrogen chloride, displayed considerable stability as the crystalline free base. The 
ultra-violet light absorption (at 2420 a.) of the base constituted an interesting confirmation of 

x the light absorption to be expected of true A?-thiazolines since it possesses 

<sNH-‘COR the annexed absorbing system which, as in (VIII), is a fixed form as the 

group X (Me, OH, respectively) is unable to migrate to the nitrogen atom 

N*. The conclusion (see above) that the dehydropenicilloates and their 

precursors (where X = H) exist largely in the isomeric 2-thiazolidylidene form is thus 

further supported. Attempts to prepare other imino-thioethers, e.g., from thioglycollic 

acid by the method of Condo, Hinkel, Fasseno, and Shriner (J. Amer. Chem. Soc., 1937, 59, 
230), had meanwhile failed. 

The stability of the compound (XI; R= CH,Ph, R’ = SEt), which initially seemed so 
advantageous, soon appeared to be as great a hindrance as the instability of the corresponding 
imino-ethers. Thus the attempted condensation of the compound with penicillamine methyl 
ester, to give the thiazoline (XII; R = CH,Ph), did not proceed either under conditions 
previously employed for imino-ethers (see, for example, op. cit., p. 857) or under more vigorous 
treatment including fusing the reactants, heating them in xylene or pyridine, and refluxing them 
in acetic acid. Nor could the condensation be induced by hydrogen chloride in chloroform, or 
pyridine in chloroform. In most of the experiments the imino-thioether was recovered 
unchanged; the action of pyridine or acetic acid, however, yielded a compound, m. p. 181—182°, 
which was formulated as the diketopiperazine (XIV). This compound was not obtained by the 
action of pyridine alone, but required the presence of penicillamine hydrochloride as catalyst. 
The reaction with hydrogen chloride in chloroform yielded a product, which is best formulated as 


co 
seeeetl wa tian 


a %, 
NH:C(SEt)*CMe ‘N-CO-CH,Ph 
CH,Ph‘CO‘N—- CMe-C(SEt):NH 


co 
(XIV.) (XV.) 


the imino-oxazoline (XV) [isomeric with (X; R = CH,Ph)], formed in a manner analogous to 
the conversion of acylamido-nitriles into 5-amino-oxazoles (cf. op. cit., p. 700; I.C.I., Ltd., 
CPS, 346,634; Parts VII and VIII). 

Attention was then turned to the methyl] imino-thioether (XI; R = CH,Ph, R’ = SMe) in 
the hope that it might prove more reactive than the ethyl compound. Accordingly the nitrile 
(X) was converted (by a method described in Part III) into the thioamide (XIII; R = CS:NH,) 
which reacted with methy] iodide in chloroform at 0° to give the methyl imino-thioether hydriodide 
(XI; R = CH,Ph, R’ = SMe), acrystalline solid, m. p. 110° (decomp.), which evolved methane- 
thiol on being warmed with aqueous alkali. Reactions of the thioamide with methyl] iodide at 
50—60° or with chloroacetic acid or acetyl chloride led to decomposition. Treatment of the 
compound (XI; R = CH,Ph, R’ = SMe) with penicillamine methyl ester failed to yield the 
desired thiazoline (XII), and attempted condensation of the parent thioamide with penicillamine 
methyl ester by fusing the reactants was likewise ineffective. The utilisation of an imino-halide 
derived from (X; R = CH,Ph) for condensation with penicillamine methyl ester was also 
studied, but reaction of (KX; R = CH,Ph) with dry hydrogen chloride or hydrogen bromide in 
the presence of penicillamine ester in chloroform led only to the recovery of starting materials or 
of unidentified oils showing no characteristic light absorption. Similar reactions in the presence 
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of one mole of an alcohol in the hope of obtaining the thiazoline (XII) via the formation in situ of 
imino-ethers also failed. 


NO, O-OMe 
(XVI) | Me-C(CN)-CO,Et (CN):CO,Et (XVII) 

The possibility of preparing (XII) via imino-ethers, thioamides, etc., derived from (XVI), was 
also examined. The oxidation of nitrosomalonic ester to nitromalonic ester and the 
C-methylation of the latter with methyl iodide and silver oxide have been described (Ley and 
Hantzsch, Ber., 1906, 39, 3155), together with the preparation of the potassium salt of ethyl 
nitrocyanoacetate from the corresponding nitroso-compound (Conrad and Schulze, Ber., 1909, 
42, 737). Since, however, free ethyl nitrocyanoacetate is not readily obtained from its salts 
(Ulpiani, Gazzetta, 1912, 42, 395), methylation was effected by converting the unreactive, 
available potassium derivative into the silver salt and treating that with methyl iodide. Ethyl 
a-nitro-a-cyanopropionate (XVI) was thus obtained as a crystalline solid (yield, 40%), together 
with the corresponding methyl nitro-ester (XVII), an oil which exploded on attempted distil- 
lation. Such behaviour is characteristic of nitro-esters of the type R-CH:NO-OMe which 


decompose according to the scheme R*CH:NO-OMe Daan 4 R°CH:NO‘:H + H°CHO (Arndt and 
Rose, J., 1935, 1). Incidentally, it was found that the direct nitration of ethyl «-cyano- 
propionate using fuming nitric acid, as in the case of malonic ester (Franchimont and Klobbie, 
Rec. Trav. chim., 1889, 8, 283), or cupric nitrate in acetic anhydride, as in the case of ethyl 
acetoacetate (Menke, ibid., 1925, 44, 145), yielded only the unchanged cyano-ester. Attempts 
to prepare an imino-ether or orthoester from (XVI) unfortunately failed, so that the condensation 
with penicillamine ester in the normal manner was not possible. Direct interaction of the nitrile 
with penicillamine methyl ester in hot glycol monomethy] ether or fusion of the reagents yielded 
no crystalline product, and an attempt to form the thioamide from (XVI) with hydrogen sulphide 
led to partial reduction. Direct reduction of (XVI) with hydrogen and palladium on charcoal 
yielded ammonium formate. 

In view of the numerous failures with compound (XVI) an attempt was made to apply the 
experience gained from its preparation to the oximino-thiazoline (XVIII; R = H), an inter- 
mediate which had been used in the preparation of the dehydropenicillins (op. cit., p. 858; 
Part V). It was hoped that (V) might be obtained by C-methylation and reduction of the 
nitro-compound corresponding to (XVIII; R =H), viz., (XVIII; R= OH). Treatment of 
(XVIII; R = H) with hydrogen peroxide in various solvents, including acetone, dioxan, and 
acetone—aqueous sodium hydrogen carbonate, at various temperatures yielded only unchanged 
material, whereas the use of the oxidising agent in acetic acid led to the formation of penicillaminic 
acid methyl ester (op. cit., p. 460). Oxidation with neutral potassium permanganate in acetone 
yielded only intractable oils, which did not give crystalline methyl derivatives with methyl 
bromide or methyl iodide under various conditions. Corresponding oxidation with potassium 
permanganate and excess of sodium carbonate in aqueous acetone proceeded smoothly, however, 
to yield a product containing one oxygen atom more than (XVIII; R= 4H). This product was 
a white, crystalline solid, which, like (XVIII; R =H), yielded brilliant colours in various 
solvents, e.g., purple in chloroform, and blue-green in ethanoloracetone. Like (XVIII; R = H) 
also, it gave a chocolate-brown coloration with ethanolic cupric acetate and an orange-red 
coloration with ethanolic ferric chloride. In addition, its ultra-violet light absorption (Maxima 
at 2450 and 3370 a.; E}%, = 300 and 100, respectively) corresponded closely to that of the 
oximino-compound (XVIII; R = H) (Maxima at 2440, 2510, and 3380 4.; E}%, = 250, 250, 
and 75, respectively) when determined in chloroform solution. Whilst this 
“Ny, SOE evidence suggested that the oxidation product still contained the system 
sc’ —\y-oH shown and might therefore have been the l-oxide (KIX; R = H), obviously 

the (desired) structure (XVIII; R = OH) for the product was not at this 
stage excluded. (These formule are written in the thiazoline form to account for the strong 
ultra-violet absorption band at 2400—2500 a.) Methylation of the oxidation product yielded 


MeO,C-‘CH-N (0,Et MeO,C-CH'N CO,Et 
Me,C-‘S-C—C:N-OR Me,C’S-C—C:N-OR 


(XVIIL) (XIX.) 


a crystalline methyl derivative which gave no coloration on melting, or in solvents, or with 
cupric acetate, and which showed ultra-violet absorption at 2450 a. (E}%, = 360); either of the 
Structures (XVIII; R = OMe) and (XIX; R= Me) thus seemed applicable. Reduction of 
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the methyl] derivative with Raney nickel or stannous chloride did not yield crystalline products, 
but aluminium amalgam or, much better, hydrogen sulphide under pressure yielded a base which 
formed a crystalline oxalate and was characterised as its phenylacetyl derivative. The analysis 
of the latter showed that the extra oxygen atom was still present in the molecule, the 1-oxide 
structure (XX), written in the thiazolidylidene form to account for the ultra-violet absorption 


MeO,C‘CH-NH CO,Et conc. ae ‘O,H 
Me,C*S:C==C-NH-CO’CH,Ph  benzoylation CH,*NH*COPh 


(XX.) 


maximum at 2860. (E}%, = 430), consequently being indicated. It followed that the 
precursors had the oxide structures (XIX; R = H) and (XIX; R=Me). That the phenyl- 
acetyl compound (XX) [and therefore the methylated precursor (KIX; R = Me)] was not, in 
fact, a C-methyl compound was proved conclusively by its hydrolysis with concentrated 
hydrochloric acid, followed by benzoylation of the amino-acid fraction, to yield hippuric acid 
and not benzoylalanine. 

In view of these difficulties in obtaining the “‘ methyldehydropenicillins,” attention was 
turned in part to other approaches to true thiazolinyloxazolones. These experiments are 
described in Parts VII and VIII. 


EXPERIMENTAL. 


Preparation of Thiazolines.—p-Chloroaniline (0-66 g.) in 2N-hydrochloric acid (9c.c.) was diazotised at 
0° with sodium nitrite (0-4 g.) in water (4 c.c.). The solution was diluted with 1 : 2 aqueous ethanol 
(40 c.c.), sodium acetate (5 g.) was added, and the solution was vigorously stirred at 0° whilst a solution 
of methyl 5: 5-dimethyl-2-carbethoxymethylthiazoline-4-carboxylate (1-02 g.) (Part III) in ethanol 
(10 c.c.) was slowly added. After being stirred for 1 hour the solid was filtered off and well washed with 
water (yield, 0-7 g.). Recrystallised from ethanol, methyl 5 : 5-dimethyl-2-p-chlorobenzeneazocarbethoxy- 
methylthiazoline-4-carboxylate separated as yellow needles, m. p. 137—138° (Found : C, 51-4; H, 5-1; N, 
10-4. C,H 0,N;CIS requires C, 51-3; H, 5-1; N, 10-6%). Light absorption (in ethanol) : Maxima, 
2420, 3070, and 3770 a.; E}%, = 450, 100, and 820. 

A mixture of ethyl a-cyanopropionate (7-0 g.) (Steele, J. Amer. Chem. Soc., 1931, 58, 286) and dry 
ethanol (2-55 g.) was saturated with dry hydrogen chloride at 0° and set aside overnight. After being 
washed with dry ether the crystalline mass of a-carbethoxpropionimino ethyl ether hydrochloride (9-4 g.; 
81%) had m. p. 91—92° (decomp.) (Found: N, 6-7. C,H,,0,N,HCl requires N, 6-7%). A chloroform 
solution (200 c.c.) of penicillamine methyl ester, prepared from the hydrochloride (25 g.), was dried 
(Na,SO,) and concentrated to half-bulk. The above imino-ether hydrochloride (21 g.) was added, and 
the flask stoppered, shaken to effect dissolution, and set aside overnight. Ammonium chloride slowly 
separated. The mixture was washed 3 times'with water, dried, concentrated, and distilled twice in vacuo 
to yield methyl 5 : 5-dimethyl-2-a-carbethoxyethylthiazoline-4-carboxylate (18 g., 65%) as a yellowish, some- 
what viscous oil, b. p. 103—108°/0-0001 mm., n?? 1-5298 (Found: C, 52-4; H, 7-2; N,5-5. C,,H,,0,NS 
requires C, 52-7; H, 7-0; N, 5-1%). After ca. 1 week, partial solidification occurred. The solid could 
be crystallised from aqueous ethanol, whereupon colourless plates, m. p. 36—38°, were obtained, but they 
slowly reverted to a mixture of solid and liquid when kept either at 0° or at room temperature in a 
vacuum desiccator. 

Potassium cyanide (ca. 0-5 g.) was added in several portions to a mixture of ethyl pyruvate (50 g.) and 
anhydrous hydrogen cyanide (50 c.c.), causing a moderately vigorous reaction. The mixture was kept 
at room temperature overnight, concentrated sulphuric acid (1 c.c.) was then added, and the mixture was 
distilled in vacuo. The fraction, b. p. 87—97°/12 mm. (mainly 95—97°/12 mm.; nf 1-4200), was 
collected (52-2 g., 84%) (cf. Ultee, Ber., 1906, 39, 1858, who gives b. p. 105°/19 mm., mj/ 1-42435), and 
consisted of ethyl pyruvate cyanohydrin. A mixture of the Srunciepiee (6-7 g.) and ethanol (2-16 g.; 
dried over magnesium ethoxide) was saturated with dry hydrogen chloride at 0°. Next day a colourless 
mass had separated, which was washed with dry ether and gave a-hydroxy-a-carbethoxypropionimino 
ethyl ether hydrochloride as a hygroscopic solid (19-6 g., 91%), m. p. 104—105° (decomp.) (Found : N, 6-2. 
C,H,,0,N,HCI requires N, 6-2%). Achloroform solution (100 c.c.) of penicillamine methyl ester, obtained 
from the hydrochloride (10 g.), was dried (Na,SO,) and concentrated to half-bulk im vacuo. The imino- 
ether hydrochloride (9-5 g.) was added, and the flask stoppered and shaken to effect dissolution. After 
2 days the mixture was washed thoroughly with water, dried, concentrated, and distilled in vacuo. The 
fraction, b. p. 100—120°/0-001 mm., was redistilled and methyl 5 : 5-dimethyl-2-a-carbethoxy-a-hydroxethyl- 
A?-thiazoline-4-carboxylate (VIII) was obtained as a very pale yellow oil, b. p. 108—109°/0-0005 mm., 
nz 1-4870 (Found: C, 49-8; H, 6-9; N, 5-2. C,,H,,0,NS requires C, 49-8; H, 6-6; N, 48%). Light 
absorption (in ethanol): Maxima, 2410 and 2510 4.; Ei%, = 1130. 

Products derived from a-Amino-a-carbethoxypropionitrile-—A mixture of ethyl pyruvate cyanohydrin 
(7 g.) and ethanolic ammonia (14 c.c.; 10% w/v) was set aside in a stoppered bottle at room temperature 
for 16 hours. The solvent and excess of ammonia were removed in vacuo below 30°, the residual oil was 
dissolved in a little ether, and ethereal hydrogen chloride was added. A pinkish oil was precipitated 
immediately, which gave a sticky solid after much manipulation. Crystallisation from acetone-ether 
gave colourless laths (1-9 g.), m. p. 92—-93°. After they had been dried for 2 hours at 56° a white powder 
of a-amino-a-carbethoxypropionitrile hydrochloride monohydrate, m. p. 137°, was obtained (Found : C, 37:1; 
H, 6-9; N, 14:7. C,H,,0,N,Cl,H,O requires C, 36-6; H, 6-6; N, 14:2%). The amine hydrochloride 
was benzoylated in aqueous sodium hydrogen carbonate, the resulting gum was extracted with chloroform, 
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and the extract washed well with sodium hydrogen carbonate solution, dried, and concentrated. The 
gum obtained solidified readily and, on recrystallisation from dilute aqueous ethanol, a-benzamido-a- 
carbethoxypropionitrile formed colourless laths, m. p. 147° (Found : C, 63-2; H, 6-0; N, 10-9. C,3H,,0,N, 
requires C, 63-4; H, 5-7; N, 11-4%). : k 

Ethyl pyruvate cyanohydrin (20 g.) was treated with 8% ethanolic ammonia (30 c.c.) for 5 hours. 
The solution was concentrated in vacuo below 30°, and the residual oil added to a solution of sodium 
hydrogen carbonate (20 g.) in water (200 c.c.) covered with ether (10 c.c.). The whole was cooled in ice 
and stirred vigorously, and phenylacetyl chloride (12 g.) was added dropwise. A white solid separated 
in the ethereal layer, and when reaction was complete this solid was collected and washed with much 
water, followed by a little cold ether. a-Phenylacetamido-a-carbethoxypropioniitrile (9 g., 25%) separated 
from aqueous ethanol as colourless needles, m. p. 141—142° (Found: C, 64:7; H, 6-2; N, 10-5. 
C,4H,.O3N, requires C, 64-6; H, 6-2; N, 108%). A mixture of this nitrile (1-6 g.), carefully dried 
ethanol (0-3 g.), and chloroform (20 c.c.; dried over P,O,;) was cooled in ice, and saturated with dry 
hydrogen chloride. The clear solution obtained was set aside for 3 days and then concentrated in vacuo 
toa colourless resin. Addition of dry ether rapidly converted this into a powdery white solid which was 

uickly filtered off, washed with ether, and placed in a desiccator (yield, 1-5 g.; m. p. 165—170°). 
Sovend recrystallisations from 95% ethanol gave colourless needles of a-phenylacetamido-a-carbethoxy- 

vopionamide, m. p. 177—178° (Found: C, 60-4; H, 6-7; N, 9-8. C,,H,,0,N, requires C, 60-4; H, 6-5; 
f 101%). A suspension of the amide (9 g.) in dry ethanol (50 c.c.), cooled in ice, was saturated with 
hydrogen chloride, whereupon the solid dissolved slowly. The solution was refluxed on a water-bath 
for 3 hours and poured into water (200c.c.). An oil, which rapidly solidified, separated, and was collected. 
After crystallisation from aqueous ethanol, ethyl a-phenylacetamido-a-methylmalonate (5-9 g., 53%) 
formed colourless needles, m. p. 83—84° (Found: C, 62-5; H, 6-9; N, 4-7. C,,H,,0,N requires C, 
62-5; H, 6-8; N, 46%). 

A mixture of a-phenylacetamido-a-carbethoxypropionitrile (4-6 g.), in dry ether (100 c.c.), and 
ethanethiol (1-4 c.c.; previously distilled from calcium) was saturated at 0° with dry hydrogen chloride. 
On being kept at 0° for 24 hours, the nitrile passed into solution. This was evaporated, the gummy 
residue redissolved in chloroform, and the solution shaken with aqueous sodium hydrogen carbonate, 
washed with water, and dried (Na,SO,). Evaporation of the solvent afforded a-phenylacetamido-a- 
carbethoxypropionimino ethyl thioether (3 g.), which crystallised from ethanol—water in thin parallelogram- 
shaped plates, m. p. 131—132° (Found: C, 60-2; H, 6-8; N, 8-7. C,,H,,0O,N,S requires C, 59-6; H, 
6-8; N, 8:7%). Ethanol (20 c.c.), in which sodium (20 mg.) had been dissolved, was cooled to —10°, and 
saturated with hydrogen sulphide. a-Phenylacetamido-a-carbethoxypropionitrile (1 g.) was added and 
the mixture heated in a closed vessel at 50—60° for 6 hours. The solution was evaporated in vacuo and 
the residue crystallised from chloroform—ether to yield a-phenylacetamido-a-carbethoxypropionothioamide 
(0-85 g.) as cubic prisms, m. p. 144°, readily soluble in aqueous sodium hydroxide (Found : C, 57-0; H, 
5-9; N, 9-3. C,H ,0O,N,S requires C, 57-1; H, 6-1; N,9-5%). This thioamide (1-65 g.) was treated with 
a large excess of methyl iodide (45 c.c.) in dry chloroform (30 c.c.), and the solution was kept for 3 days 
at 0°. The crystalline hygroscopic product (0-85 g.), m. p. 110° (decomp.), was washed with dry ether 
(Found: N, 7-4. C,;H,,0,N,IS requires N, 6-4%. C,,4H,,03;N,S requires N, 9-5%). The product 
effervesced with aqueous ethanolic sodium hydrogen carbonate, and with nitric acid and silver nitrate 
yielded a yellow precipitate insoluble in ammonia. It gave a positive Beilstein test, and when it was 
warmed with 2N-sodium hydroxide methanethiol was evolved. It failed to yield a crystalline product 
on treatment with penicillamine methyl] ester, although methanethiol was evolved. 

Aitempts to cause Penicillamine Ester to react with a-Phenylacetamido-a-carbethoxypropionimino Ethyl 
Thioethey.—Penicillamine methyl ester hydrochloride (0-4 g.; dried over P,O, ) and the imino-thioether 
(0-5 g.) were dissolved in dry pyridine (10 c.c.), and the solution was refluxed for 1—3 hours. Pyridine 
was removed in vacuo, and the residue treated with ethyl acetate and water. The ethyl acetate was 
washed with 2N-hydrochloric acid, aqueous sodium hydrogen carbonate, and water, dried, and evaporated 
in vacuo. The residual oil crystallised when set aside in ether. The diketopiperazine (XIV) separated 
from ethanol—water or ethyl acetate as rectangular plates or tablets, m. p. 181—182° (Found: C, 59-0, 
59-2; H, 6-0, 6-3; N, 9-9, 10-0; S, 11-3. C,,H;,0,N,S,,H,O requires C, 59-0; H, 6-0; N, 9-8; S, 11-2%). 
Light absorption (in ethanol): Maxima, 2410, 2450, 2660, and 3360 a. ; Ei%, = 640, 640, 490, and 490, 
respectively. 

Penicillamine methyl ester hydrochloride (0-4 g.; dried over P,O,) and the imino-thioether (0-5 g.) 
were dissolved in acetic acid (shaken with phosphoric oxide and redistilled), and the solution refluxed for 
15hours. The product finally had m. p. 181—182°, undepressed on admixture with the compound (XIV). 

Dry penicillamine methyl ester hydrochloride (0-5 g.) and the imino-thioether (0-8 g.) were dissolved 
in chloroform (20 c.c.; dried over P,O, and distilled) and the solution saturated with dry hydrogen 
chloride at 0°, and set aside for 72 hours. The chloroform was removed in vacuo, and the residual oil 
treated with chloroform and aqueous sodium hydrogen carbonate. The chloroform layer was washed 
repeatedly with water, dried, and evaporated to yield an oil which partly crystallised on spontaneous 
evaporation of a solution in ether. The crystalline material was identified as unchanged imino-thioether 
(mixed m. p.), and the residual gum was again stirred with ether. After removal of insoluble material, 
the filtrate was evaporated, whereafter the residual oil slowly solidified (m. p. 94°). On recrystallisation 
from chloroform-light petroleum (b. p. 60—80°) ethyl 5-imino-2-benzyl-4-methyloxazoline-4-carboxylate 
(XV) separated as colourless, glistening laths, m. p. 100° (Found : C, 64-3; H,6-0; N, 11-1. C,,H,,0,N, 
requires C, 64-6; H, 6-2; N, 10-8%). Light absorption (in chloroform) : end absorption only. 

Ethyl a-Nitro-a-cyanopropionate.—The silver salt of ethyl nitrocyanoacetate (28 g.) was prepared by 
adding aqueous silver nitrate to a hot solution of ethyl potassionitrocyanoacetate and then cooling the 
solution at once to 0°. The precipitate was washed with water, ethanol, and ether, and treated directly 
with methyl] iodide (38 g.), ether being added to moderate the reaction. When reaction was complete, 
the solution was filtered and the silver iodide extracted with ether. Concentration of the filtrate and 
extract yielded a solid which separated as clusters of prisms (7-7 g.), m. p. 77—80°. Recrystallised 
from hot light petroleum (b. p. 60—80°) ethyl a-nitro-a-cyanopropionate separated as prisms, m. p. 80° 
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(Found: C, 41-7; H, 4-65; N, 16-7. C,H,O,N, requires C, 41-9; H, 4-65; N,16-3%). Theethereal filtrate 
yielded an oil (10-1 g.) which exploded on attempted distillation when the bath temperature reached 120°, 

This nitro-cyanide (5 g.) was recovered unchanged after keeping overnight with dry ethanol (1-35 g.) 
and dry hydrogen chloride (1 g.) indryether. With excess of dry ethanolic hydrogen chloride, the cyanide 
(4-6 g.) gave ammonium chloride (0-8 g.) and an unidentified chloro-compound, b. p. 95°/9 mm. (Found: 
C, 43-1; H, 6-0; Cl, 18-7%). 

The nitro-cyanide (3-6 g.) in anhydrous formic acid (40 c.c.) was hydrogenated at atmospheric 
pressure in the presence of 5% palladium-charcoal (1 g.). When 3 equivalents of hydrogen had been 
absorbed, the mixture was filtered and evaporated in vacuo, and an attempt was made to distil the residue, 
Deliquescent plates, =— 115°, identified as ammonium formate, sublimed rapidly. 

Compound (X X).—Methy15 : 5-dimethyl-2-oximinocarbethoxymethylthiazoline-4-carboxylate (0-5 g.) 
was dissolved in acetic acid (5 c.c.), hydrogen peroxide (1 c.c.; 100-volume) was added, and the solution 
was heated to boiling. Evaporation tn vacuo afforded a gum which was dissolved in ethanol; crystalline 
penicillaminic acid methyl ester, m. p. 220° (decomp.), soon crystallised as clusters of needles (cf. S 32, 6 *), 
The same product was obtained by conducting the oxidation in the cold. Methyl 5: 5-dimethyl-2- 
oximinocarbethoxymethylthiazoline-4-carboxylate (2-0 g.) was dissolved in water (20 c.c.) containing 
sodium carbonate (3 g.) and acetone (5c.c.). Potassium permanganate (1-0 g.) in water (30 c.c.) was then 
added. The solution became warm and reduction of the permanganate was rapid. After 10 minutes, 
the mixture was filtered, the filtrate cooled to 0°, acidified, and further clarified, and the filtrate extracted 
with chloroform (5 x 30c.c.). The blue chloroform extract yielded on evaporation a purple gum, which 
set solid on addition of dry ether. 

Methyl 5: 5-dimethyl-2-oximinocarbethoxymethylthiazoline-4-carboxylate l-oxide (XIX; R=H) 
(0-85 g., 40%) crystallised from chloroform-light petroleum (b. p. 60—80°) as white prisms, m. p. 164° 
(decomp.) (Found: C, 43-4; H, 5-2; N, 9-2. C,,H,,0O,N,S requires C, 43-4; H, 5-3; N, 9-2%). This 
compound in ethanol gave a chocolate-brown colour with cupric acetate and an orange colour with ferric 
chloride. In chloroform, more rapidly if warmed, a rich purple colour developed; solutions in ethyl 
acetate were bluish-green, in acetone green. Light absorption (in chloroform): Maxima, 2450 and 
3370 a.; Ei%, = 300 and 100. 

This oxide (5-3 g.) was suspended in dry ether (30 c.c.) containing methyl iodide (36-0 g.), and silver 
oxide (5-0 g.) was added in portions to the refluxing solution during 15 minutes. After continued 
refluxing for 16 hours, the solution was filtered, and the solvent recovered by distillation. To the residue 
was added a chloroform extract of the silver halide—oxide mixture. Removal of the chloroform in vacuo 
then yielded a red oil, which soon crystallised; washed with ether the solid had m. p. 137—141° (yield, 
2-7 g.). To effect complete purification, a portion was chromatographed in chloroform on alumina, 
and the methyl compound (XIX; R = Me) was then obtained from chloroform-light petroleum (b. p. 
60—80°) as colourless, shining prisms, m. p. 146—147° (Found: C, 44-8; H, 5-8; N, 8-7. C,,H,,0,N,S 
requires C, 45-3; H, 5-7; N, 8-8%). This compound did not colour on melting, and gave no coloration 
with solvents or alcoholic cupric acetate. Light absorption (in chloroform): Maxima, 2450,.; 
Ei%, = 360. 

(i) The methyl compound (2-5 g.) in ether (80 c.c.) was added to aluminium amalgam (0-65 g.), and 
the solution was heated under reflux for 3-5 hours, water (1-9 g.) being added gradually during the first 
hour. The solution was filtered, and the dark-red filtrate treated with ethereal oxalic acid to precipitate 
a gummy oxalate which was washed by decantation with ether. (The decanted ether slowly deposited 
the crystalline oxalate, m. p. 105—110°.) A stirred mixture of the crude oxalate, ether (50 c.c.), and 
sodium hydrogen carbonate (5 g.) in water (100 c.c.) was treated with phenylacetyl chloride (1-5 g.). The 
dried ethereal layer, on evaporation, yielded a yellow oil, which partly crystallised when stored under 
ether-light petroleum (b. p. 60—80°). From ethyl acetate-light petroleum, methyl 5 : 5-dimethyl-2- 
phenylacetamidocarbethoxymethylenethiazolidine-4-carboxylate 1-oxide (XX) separated as colourless prisms, 
m. p. 107—108° (the m. p. appeared to vary with the rate of heating )(Found : N, 6-7. C,,H,,0,N,S,H,0 
requires N, 6-6%). Light absorption (in chloroform) ; Maxima, 2820 and 2910 a.; Ei%, = 750). 

(ii) A solution of the compound (XIX; R = Me) (14-7 g.) in methanol (150 c.c.) was added to ethanol 
(400 c.c.), previously saturated at —10° with hydrogen sulphide. After 16 hours at room temperature in 
a tightly stoppered bottle, the solution was cooled for 2 hours in ice, and the crystalline precipitate of 
sulphur (2-8 g.) removed. The filtrate was concentrated im vacuo in a stream of nitrogen, and the residual 
red oil was treated with ethereal oxalic acid giving a gummy precipitate which granulated under dry ether. 
The solid (7-9 g.) was then stirred for 1-25 hours with ether (100 c.c.), phenylacetyl chloride (4-0 g.), and 
excess of —— sodium hydrogen carbonate. The acyl compound which separated was collected, and 
washed well with water and ether (yield, 6-2 g.; m.p. 109°) ; the ethereal reaction-liquors on spontaneous 
evaporation deposited a further quantity (0-5 g.; m. p. 108—111°). Methyl 5 : 5-dimethyl-2-phenyl- 
acetamidocarbethoxymethylenethiazolidine-4-carboxylate l-oxide crystallised from chloroform-light 
petroleum or ethanol—water as colourless prismatic laths, m. p. 115—118° (decomp.) (Found : C, 53-6; 
H, 6-2; N, 6-2. Light absorption (in chloroform); Maximum, 2860 a. ; EM = 450. The compound 
showed a definite elevation of the m. p. (10—15°) on admixture with methyl 5 : 5-dimethyl-2-phenyl- 
acetamidocarbethoxymethylthiazoline-4-carboxylate. 

The oxide (XX) (1-0 g.) was heated with concentrated hydrochloric acid (10 c.c.) in a sealed tube at 
100° for 14 hours. The resulting mixture of oil and solution was evaporated to dryness in vacuo, and the 
residue treated with water and ether. The aqueous phase was re-extracted with ether, nearly neutralised 
with sodium hydrogen carbonate, and treated with mercuric chloride solution overnight (to precipitate 
any thiol). The small precipitate was rejected, and the solution was treated with hydrogen sulphide, 
filtered, and evaporated to dryness im vacuo. Redissolved in water (10 c.c.) the residue gave a strong 
violet coloration with the ninhydrin reagent, and a red coloration with ferric chloride. Sodium hydrogen 
carbonate (3-5 g.) and benzoyl chloride (1-5 g.) in portions were added with shaking. Shaking was 


* See footnote, p. 3218. 
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continued for 1-5 hours, and the solution was filtered, extracted with ether, and acidified. The precipitate 
was dried in vacuo and extracted with boiling light petroleum (3 x 25 c.c.). The residue had m. p. 
181—184°, and on recrystallisation from hot water yielded shining needles (280 mg.), m. p. 187° 
undepressed in admixture with authentic hippuric acid. 
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678. Syntheses in the Penicillin Field. Part VII. The 
Preparation of Thiazolinyl-amino-oxazole Derivatives. 


By A. H. Coox, G. Harris, and A. L. Levy. 


The cyclisation of certain a-acylamido-nitriles yields 5-amino-oxazoles. This reaction 
was utilised for the preparation of thiazolinyl-amino-oxazoles, required for attempts to obtain 
penicillins by reduction and deamination. Tautomerism in the thiazolinyl-amino-oxazole 
series is discussed, and the preparation of analogous thiazolinyl-amino-thiazoles is described. 


DurRING earlier work on penicillin it was observed that ethyl a-phenylacetamidocyanoacetate 
yielded an isomeride on treatment with phosphorus pentachloride in chloroform. The 
isomeride was basic, forming a crystalline hydrochloride, and its ultra-violet absorption 
spectrum showed a maximum at 26004.; this isomeride was therefore formulated as the 
5-imino-oxazoline (I; R = Et, R’ = CH,Ph) (Bentley, Cook, Harris, and Heilbron, CPS, 386). 


(:NH)-O (NH,)° 
(I.) RO,C-CH-N=CR’ RO,C-C—N=CR’ (II) 


A similar observation in the case of ethyl «a-benzamidocyanoacetate and further work (‘‘ The 
Chemistry of Penicillin,” Princeton Univ. Press, 1949, p. 700; CPS. 346, 634) indicated 
that the products of cyclisation of «-acylamido-cyano-esters were generally 5-amino-oxazoles 
(II), which are tautomerides of the imino-oxazolines (I). Experiments with the benzyl esters 
of hexoamido- and phenylacetamido-cyanoacetic acids in another connection served to confirm 
these results. 

Benzyl cyanoacetate was treated with sodium nitrite and acetic acid to yield benzyl oximino- 
cyanoacetate, isolated through its silver salt. Reduction of this compound with aluminium 
amalgam in moist ether gave benzyl aminocyanoacetate, obtained as the crystalline oxalate ; 
acylation of the amine with phenylacetyl chloride and n-hexoyl chloride yielded benzyl 
a-phenylacetamidocyanoacetate and a-hexoamidocyanoacetate. Treatment of the last-mentioned 
compounds with hydrogen chloride in solvents yielded the amino-oxazole hydrochlorides (I1; 
R = R’ = CH,Ph) and (II; R= CH,Ph, R’ = n-C;H,,), which gave the bases on treatment 
with sodium hydrogen carbonate. These compounds showed light-absorption maxima at 
2600—2660 a., and yielded transient deep-red colours after diazotisation in acetic-sulphuric 
acid and coupling with 8-naphthol [this latter property resembling that of the 5-aminothiazoles 
(Cook, Heilbron, and Levy, J., 1947, 1594)]. 


. *NH)« 
RCO-NH‘CH,CN —> —-, ba rate A 


RCO-NH:-C-CN Ph-NH’CH 


(III.) | (IV.) Sh one (V.) 


comes CH C(CO,Et): 
HO-CH:C—N=C-C,H,, H,N-CO-C-N:CR H,N-CO-C—N==C-C,H1, 
(VIL.) (VI.) (VIII.) 


N=CR 


Similar observations were made during attempts to formylate n-hexoamidoacetonitrile 
(III; R = n-C,;H,,) (Abraham, Baker, Cornforth, Chain, Fawaz, and Robinson, op. cit., p. 700) ; 
these experiments, publication of which anticipated our own work of that period, afforded 
evidence of the transient existence of the required formyl] derivative (IV; R = n-C,H,,) ora 
tautomeride thereof, but efforts to isoldte this compound led to the oxazole derivatives (V ; 
R = n-C;H,,) (by reaction with aniline) and (VI; R = n-C,H,,), also obtained in the present 
work, 
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Very similar results were obtained on attempting to introduce an oxalo-residue rather than 
a formyl grouping. Interaction of (III; R = m-C,H,,) with ethyl oxalate in presence of 
sodium methoxide in ether afforded a bright-yellow by-product, m. p. 220°, and an oil which gave 
an intense greenish-purple colour with ferric chloride and yielded a dinitrophenylhydrazone, 
The oil on distillation formed a crystalline compound isomeric with the expected oxalo-derivative 
and devoid of enol or carbinol properties. Analogy suggests its formulation as 5-carbethoxy- 
2-n-amyloxazole-4-carboxyamide (VIII), which the ultra-violet light absorption supports (see 
Table). Efforts to formylate N-carbobenzyloxyaminoacetoniirile (III; R = O*CH,Ph) were 
fruitless. 

Earlier attempts to obtain thiazolinyloxazolones resulted in the formation of the stable, 
isomeric thiazolidylideneoxazolones (Part V; op. cit.) from which penicillins could not be 
obtained by mild reductive treatment. Amino-oxazoles (II) show a formal resemblance to 
the corresponding thiazolines as indicated by the partial structures below : 

THY iN e)-0 Q FNH»)0 
—S—C—_C—_N=CR —O—C—_C—N=CR 
and it seemed probable that a thiazolinyl-amino-oxazole would be a stable structure per se, the 
reduction and deamination of which to a penicillin might be achieved. The preparation of 
compounds possessing a thiazolinyl-amino-oxazole structure was accordingly attempted. 
NH,HC1 


N MeO,C-CH:N HO,C-CH-NH-CO-CHyCN 


— 


CN-CH,'C-OEt Me,C-S-C-CH,"CN Me,C:SH 
(LX.) (X.) il (XVI.) 


MeO,C‘CH-N NH, MeO,C‘CH-N N-OH MeO,C-CH-:NH 
Me,C-S-C—CH-CN ~* Me,C-S-C—C-CN Me,CS:CH-CH,"CN 


(XII) (XI.) (XVIL.) 


R’‘0,CCH'N NH-COR roms [ANH R’O,CCHN C(:NH)-0 
Me,C-S-C—CH-CN ' Me,C-SC—C—N=CR ~~” Me,C-S-C—CH-N=CR 
(XIIT.) (XIV.) (XV.) 


Malononitrile reacted under anhydrous conditions in ether at 0° with one equivalent each 
of ethanol and hydrogen chloride to yield cyanoacetimino ethyl ether hydrochloride (IX). 
Condensation of this compound with penicillamine methyl ester hydrochloride in aqueous 
potassium acetate-ether, or better, with penicillamine methyl ester in dry chloroform gave 
methyl 5: 5-dimethyl-2-cyanomethylthiazoline-4-carboxylate (X). A small amount of a by- 
product formed in this reaction is tentatively formulated as methyl 5 : 5-dimethyl-2-cyano- 
methylene-3-(2-cyano-1-ethoxyvinyl)thiazolidine-4-carboxylate (XVIII). The structure of the 


MeO,C’CH-N-C(OEt):CH-CN MeO,C-‘CH-NH NH, 
Me,C’S-C:CH’CN Me,C*S-CH—CH-CN 
(XVIIL.) (XIX.) 


non-crystalline thiazoline (X) was confirmed by hydrolysis and reduction: hydrolysis with 
cold aqueous—ethanolic sodium hydroxide yielded N-cyanoacetylpenicillamine (XVI), isolated 
through its benzylamine salt. The acid (XVI) gave the transient blue colour with ferric chloride 
characteristic of penicillamine derivatives, and showed no ultra-violet absorption. The ready 
scission of the thiazoline ring at the S*C bond was thus well exemplified. Reduction of (X) was 
accomplished with excess of aluminium amalgam, and methyl 5 : 5-dimethyl-2-cyanomethyl- 
thiazolidine-4-carboxylate (XVII) was isolated. This thiazolidine unlike its precursor (X), 
formed a stable, crystalline hydrochloride. 

Nitrosation of the thiazoline (X) was accomplished either by shaking a solution in dioxan- 
acetic acid with powdered sodium nitrite or by slowly treating a solution in acetic acid with 
aqueous sodium nitrite. Methyl 5: 5-dimethyl-2-oximinocyanomethylthiazoline-4-carboxylate (XI) 
was thus obtained in the form of a deep-red oil which was reduced with aluminium amalgam to 
give methyl 5 : 5-dimethyl-2-aminocyanomethylthiazoline-4-carboxylate (XII), isolated as the 
crystalline oxalate. Reduction of the oximino-group in (XI) therefore occurs preferentially 
to reduction of the thiazoline ring, which was, however, reduced by means of a large excess of the 
amalgam ; methyl 5 : 5-dimethyl-2-aminocyanomethylthiazolidine-4-carboxylate (XIX) obtained 
in this manner being characterised as its crystalline oxalate and as the phenylacetyl derivative 
(XX; R=H). The presence of the thiazolidine NH-group in (KX; R = H) was demonstrated 
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by the formation of a crystalline hydrochloride (KX; R =H, HCl) and an N-carbethoxy- 
derivative (XX; R= CO,Et). Consideration was given to the cyclisation of (KX; R = H) 


MeO,C’CH-NR NH-COCH,Ph MeO,C-CH-NH CO-N H, MeO,C-C H-N C(NH,) ‘S 
Me,C-S-CH—CH’CN Me,C*S*C==C-NH-CO-CH,Ph Me,C-S-C—C—-N=CR 
(XX.) (XXL.) (XXIL.) 


to a thiazolidinyl-amino-oxazole, but attempts to effect this with hydrogen chloride or phosphorus 
pentachloride were unsuccessful and, in view of the low yields obtained in the reduction of 
(XII) to (XIX), these experiments were not pursued, the approach to penicillin via thiazolines 
being preferred (see below). 

The amino-nitrile (XII) was acylated with n-hexoyl, phenylacetyl, and benzoyl chloride to 
yield the n-hexoyl, phenylacetyl, and benzoyl derivatives (XIII; R = m-C;H,,, R’ = Me), 
(XIII; R= CH,Ph, R’ = Me), and (XIII; R= Ph, R’ = Me), respectively, as crystalline 
solids which were the required precursors of the thiazolinyl-amino-oxazoles. These compounds 
showed a single ultra-violet absorption band with maximum at 2700 a. (see Table). 


Absorption Spectra. 


Compound. ne E}%.,. Compound. 
Aminocyanomethylthiazolines. Thiazolinylthiazoles. 
(XII) oxalate 2380A 260 (XXII; R = SH) 3070 ® 
3010 930 3600 
(XIII; R=C,H,,,R’=Me) 2690 599 (XXII; R= H) a 
(XIII; R= CH,Ph, R’= Me) 3710 570 00 
(XIII; R = Ph, R’ = Me) 2730 650 3050 
2290 550 ##(XXII; R = CH,Ph) 2920 
(XIII; R = C,H,,, R’ = H) 2210 195 3080 * 
2730 540 (XXII; R=CH,Ph) hydro- 2210 
(XIII; R=CH,Ph,R’=H) 2750 500 chloride 2460 


9 2800 
2790 350 3570 


Thiazolinyl-amino-oxazoles and . , _ 
yong + toca ootng Aminocyanomethylthiazolidines. 


(XIV; R = Ci, R’ «a Me) 2350 (XX; R= H) end absorption 
hydrochloride 2700 (XX; R = H-HC)) end absorption 
3380 
(XIV; R=CH,Ph, R’= Me) 2420 Penicillamines. 
hydrochloride 2680 (XVI), and benzylamine salt end absorption * 
3360 
(XIV; R= Ph, R’ = Me) 2820 
hydrochloride 3540 
(XIV; R=C,H,,, R’ = H) 2360 
: ? 
hydrochloride same (II; oe CH,Ph, R’ on CH,Ph) 
(XIV; R=CH,Ph, R’=H) 2420 (II; R = CH,Ph, R’ = C,H,,) 
hydrochloride 2650 (II; R = CH,Ph, R’ = CH,Ph) 
3360 hydrochloride 
(XV; R = CH,Ph, R’ = Me) 2600 (II; R = CH,Ph, R’ = C,H;,,;) 
2980 hydrochloride 
(XV; R = Ph, R’ = Me) 2290 (VIII) 
— (VI; R = C,H,,) 


Oxazoles. 
(II; R=Et, R’ = CH,Ph) 


Methylenethiazolidine. 
(XXI) 2870 


* Inflection. 1 In chloroform. * In dioxan. * In water. 
All measurements were made in ethanol unless stated otherwise. 


Attempted cyclisations of the compound (XIII; R = CH,Ph, R’ = Me) with methanolic 
hydrogen chloride led only to gummy products, but treatment with phosphorus pentachloride 
in chloroform or, better, with hydrogen chloride in ethyl acetate, yielded a base, isolated as its 
monohydrochloride. The latter showed ultra-violet absorption compatible with the thiazolinyl- 
amino-oxazole hydrochloride structure (XIV) (see Table), and treatment with sodium hydrogen 
carbonate solution liberated the base (KV; R = CH,Ph, R’ = Me), isomeric with the original 
acyl compound (XIII). The new base showed ultra-violet absorption at shorter wave-lengths 
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than the hydrochloride (KIV; R = CH,Ph, R’ = Me) but at longer wave-lengths than the 
precursor (XIII; R = CH,Ph, R’ = Me), and was therefore formulated as the thiazolinyl- 
imino-oxazoline (XV; R = CH,Ph, R’ = Me), a tautomeride of (XIV). Further evidence 
for the structure (XV) is given later. 

Cyclisation of the benzoyl and hexoyl derivatives (XIII; R = Ph and m-C,H,,, R’ = Me) 
with hydrogen chloride yielded the crystalline phenyl- and n-amyl-oxazole hydrochlorides (XIV; 
R = Ph and ” = C,;H,,, R’ = Me). Like the benzyl compound these hydrochlorides yielded 
the bases (XV; R= Ph and C,;H,,, R’ = Me) with sodium hydrogen carbonate or diazo- 
methane, although the base corresponding to the »-amyl compound was obtained only as an 
oil. As expected, the hydrochloride (XIV; R = Ph, R’ = Me) showed ultra-violet absorption 
at longer wave-lengths than (XIV; R = CH,Ph, R’ = Me). The shift in absorption between 
the hydrochloride (XIV) and the free base (XV) was the same in the phenyl as in the benzyl 
series, however, and tautomerism between such forms as (XIV) and (XV) is apparently possible 
in both series. Unlike the m-amyl and benzyl compounds, (XV; R = Ph, R’ = Me) formed a 
crystalline picrate. 

Besides tautomerism between the ring forms (XIV) and (XV) a further possibility of 
tautomerism in the thiazolinyl-amino-oxazole series, between ring and acyclic forms, was 
suggested by the observation that (XV; R = n-C,;H,,, R’ = Me) on distillation afforded a 
product with ultra-violet absorption maximum at 2700 a., thus resembling the compounds 
(XIII). Additional information on this type of tautomerism was obtained on attempting to 
prepare the base (XV; R = CH,Ph, R’ = Me) from the hydrochloride (XIV; R = CH,Ph, 
R’ = Me) with sodium hydroxide. The product was not (XV), but the isomeric (XIII; 
R = CH,Ph, R’ = Me), the amino-oxazole ring evidently being opened under alkaline 
conditions. This was confirmed when the ester hydrochloride (XIV; R = CH,Ph) in dry 
pyridine was stored, (XIII; R= CH,Ph, R’ = Me) being obtained in excellent yield. 
Similarly, hydrolysis of the hydrochloride (XIV) or the base (KV; R = CH,Ph, R’ = Me) 
with the requisite amounts of alkali led to the acid (XIII; R = CH,Ph, R’ = H), obtained 
also from the acyclic isomer (XIII; R = CH,Ph, R’ = Me). The acid (XIII; R = CH,Ph, 
R’ = H) showed ultra-violet absorption with a maximum at 2700 4., regenerated the ester 
(XIII; R = CH,Ph, R’ = Me) with diazomethane, and was cyclised by hydrogen chloride to 
the amino-oxazole hydrochloride (cf. XIV; R= CH,Ph, R’ = H), which had ultra-violet 
absorption identical with that of the corresponding ester hydrochloride (XIV; R = CH,Ph, 
R’ = Me). The acid (XIII; R = n-C;H,,, R’ = H) behaved in the same way, yielding the 
hydrochloride of (KIV; R= n-C;H,,, R’=H). The hydrochlorides of (XIV; R = Ph and 
n-C,H,,, R’ = Me or H) afforded the bases (XV; R = Ph and n-C;H,,, R’ = Me) on treatment 
with diazomethane, and were not methylated on the nitrogen atom of the thiazoline ring thus 
showing no tcrdency to react in the thiazolidylidene form (cf. “‘ thiazolinyl-oxazolones,” 
Part V). An attempt to obtain the base (XV; R= CH,Ph, R’ = H) from the appropriate 
hydrochloride by treatment with potassium acetate or sodium hydrogen carbonate solution, 
on the other hand, led only to the isolation of (XIII; R = CH,Ph, R’ = H). 

The amino-oxazole ring of the hydrochloride (XIV) or base (XV; R = CH,Ph, R’ = Me) 
was hydrolysed by aqueous-ethanolic hydrochloric acid with the formation of an amide (XXII), 
the structure of which is written in the thiazolidylidene form to account for its ultra-violet 
absorption maximum at 2870 A. and the absence of basic properties, points of close resemblance 
to the dehydropenicilloates (Part V; cf. also Part VI). The thiazolinyl-amino-oxazole ring 
system could also be formed under the same conditions, however, since treatment of (XIII; 
R = CH,Ph, R’ = Me) with aqueous-ethanolic hydrochloric acid gave a mixture of (X XI) and 
(XV; R = CH,Ph, R’ = Me). 

The above evidence seems to support the view that the thiazolinyl-amino-oxazoles 

base 


can undergo the changes (XIV) == (XV) == (XIII), although it must be borne in 


acl 

mind that the results do not completely exclude the existence of (XIII) and (XIV) in 
2-thiazolidylidene forms (cf. Parts V and VIII). Attempts to link the thiazolinyl-amino- 
oxazole and thiazolinyl-oxazolone series by treatment of (XIV; R = CH,Ph) with nitrous 
acid or nitrosyl chloride were not wholly successful since, although the product showed ultra- 
violet absorption in agreement with that of the oxazolones (Part V) and an acid obtained by 
its hydrolysis did not depress the melting point of 2-benzyl-4-(4-carboxy-5 : 5-dimethyl-2- 
thiazolidylidene)oxazolone, no analytically pure compounds were obtained from these reactions. 

Cyclic thio-analogues of the thiazolinyl-amino-oxazoles were also prepared from the amino- 
nitrile (XII) (cf. Cook, Heilbron, and Levy, Studies in the Azole Series, J., 1947, 1594, 1598; 
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1948, 201) by the action of carbon disulphide, phenyldithioacetic acid, and sodium dithioformate ; 
these reagents gave the compounds (XXII; R = SH, CH,Ph, and H, respectively), which were 
converted into the hydrochlorides. Thioacylamido-nitriles which are presumably intermediates 
in the formation of compounds (XXII) from (XII) were not isolated. 

Thus a variety of intermediates, required for a synthesis of penicillins involving only 
reduction and deamination stages, were obtained. In Part VIII efforts to complete the 
synthesis will be described. 


EXPERIMENTAL. 


Ethyl 5-Amino-2-benzyloxazole-4-carboxylate.—Ethyl phenylacetamidocyanoacetate (1-0 g.) (op. cit., 
p. 129) in chloroform (20 c.c.) was warmed on the steam-bath for 5 minutes with phosphorus penta- 
chloride (0-9 g.), and the solution then stirred into excess of ice-cold sodium hydroxide solution. The 
chloroform was separated and evaporated, and the residue recrystallised from chloroform-light 
petroleum whereupon ethyl 5-amino-2-benzyloxazole-4-carboxylate separated as long, white needles, m. p, 
128° (Found: C, 62-9; H, 5-5; N, 11-6. C,s3H,,O,N, requires C, 63-4; H, 5-7; N, 114%). The 
product depressed the m. p. of the starting material, and formed a crystalline hydrochloride in dry 
ether. 

Benzyl Oximinocyanoacetate.—Benzyl cyanoacetate (40-5 g.) and sodium nitrite (20 g.) in water 
(100 c.c.) were stirred at 0° during the addition (0-5 hour) of acetic acid (23 c.c.). Stirring was continued 
for 3 hours and the mixture kept at 0°, overnight. The solid was dissolved in ethanol (250 c.c.), and 
silver nitrate (41 g.) in water (250 c.c.) was added. The orange precipitate (37 g.) was recrystallised 
from aqueous dioxan to give the silver derivative of benzyl oximinocyanoacetate as orange plates, 
m. p. 205° (decomp.) (Found: C, 38-7; H, 2-5; N, 9-2. C,H,O,N,Ag requires C, 38-6; H, 2-3; N, 
9-0%), which were decomposed in ethanol (250 c.c.) with hydrogen sulphide. Evaporation of the 
filtrate yielded an oil, which rapidly became solid (25 g.), m. p. 110—113°. Recrystallised from 
chloroform-light petroleum, benzyl oximinocyanoacetate separated as rectangular tablets, m. p. 115° 
(Found: C, 58-6; H, 3-7; N, 13-6. CyH,O;,N, requires, C, 58-8; H, 3-9; N, 13-7%). 

Benzyl Aminocyanoacetate and its Acyl Derivatives—Benzyl oximinocyanoacetate (4 g.) in ether 
(50 c.c.) was reduced under reflux with aluminium amalgam (0-9 g.) and water (2-0 c.c.) in ethanol 
(10 c.c.) during 3-75 hours. Ethereal oxalic acid was added to the filtrate, and the white crystalline 
precipitate (2-3 g.) was recrystallised from acetone-light petroleum; the oxalate of benzyl amino- 
cyanoacetate separated as rosettes of needles, m. p. 131° or pes (Found: N, 10-2, C,.H,,0,N, 
requires N, 10-0%). This oxalate (1-0 g.) in ether (25 c.c.) and sodium hydrogen carbonate (2-0 g.) in 
water (50 c.c.) were stirred while phenylacetyl chloride (0-8 g.) in ether (5 c.c.) was added during 
10 minutes. After 1 hour, the acyl derivative (0-9 g.) was collected; the filtrates yielded a further 0-2 g. 
Recrystallisation from ethyl acetate gave benzyl phenylacetamidocy etate as needles, m. p. 171178" 
Found: C, 70-1; H, 5-3; N, 8-9. C,gH,,O,;N, requires C, 70-1; H, 5-2; N, 91%). The oxalate 
0-8 g.) was similarly acylated with n-hexoyl chloride and benzyl n-hexoamidocyanoacetate (0-8 g.) was 
obtained from the ethereal layer on evaporation; recrystallisation from ethanol yielded needles, m. p. 
134° (Found: C, 66-6; H, 7-1; N, 9-4. CygHO,N, requires C, 66-6; H, 7-0; N, 9-7%). 

Benzyl 5-Amino-2-benzyloxazole-4-carboxylate.—Benzyl phenylacetamidocyanoacetate (0-8 g.) in hot 
chloroform (30 c.c.) was treated with saturated ethereal hydrogen chloride (20 c.c.), The first crop of 
crystals, m. p. 129—-133° (decomp.), comprised a mixture of product with a little starting material. 
The filtrate deposited a hydrochloride, m. p. 151—154°, which, recrystallised from ethyl acetate, gave 
benzyl 5-amino-2-benzyloxazole-4-carboxylate hydrochloride in prisms, m. p. 151—153° (Found; C, 63-1; 
H, 5-1; N, 8-2. C,,H,,O,N,Cl requires C, 62-7; H, 5-0; N, 8-1%). With chloroform and aqueous 
sodium hydrogen carbonate the hydrochloride yielded benzyl 5-amino-2-benzyloxazole-4-carboxylate, 
m. p. 132 after recrystallisation from chloroform-light petroleum (Found : x, 9-35. Cy,H,,O,N, 
requires N, 9-1%). ’ 

Benzyl 5-Amino-2-n-amyloxazole-4-carboxylate.—Benzyl n-hexoamidocyanoacetate (0-4 g.) in ethyl 
acetate (10 c.c.) was treated with saturated ethereal hydrogen chloride (5 c.c.) and ether (10 c.c.), and 
left over-night. The crystalline product (0-31 g.), m. p. 125° (decomp.), was recrystallised from ethyl 
acetate, anor! “a benzyl 5-amino-2-n-amyloxazole-4-carboxylate hydrochloride separate as rosettes of 
plates, m. p. 125° (decomp.). Treatment with chloroform and aqueous sodium hydrogen carbonate 
yielded benzyl 5-amino-2-n-amyloxazole-4-carboxylate, which recrystallised from chloroform-light 
petroleum in needles, m. p. 93° (Found: C, 66-2; H, 7-0. C,gH2O3N, requires C, 66-6; H, 7-0%). 

n-Hexoamido-acetonitrile and -acetamide.—Aminoacetonitrile sulphate (180 g.) was added to jum 
hydroxide (140 g.) in water (750 c.c.) at 0°, followed by ether (500 c.c.), and »-hexoyl chloride (150 g.) in 
ether added to the stirred mixture at 0—5° during 30 minutes. The washed, dried ether solution yielded 
120 g. of product and a further 35 g. was obtained by leaving the aqueous rape overnight with ether. 
n-Hexoamidoacetonitrile was a colourless oil, b. p. 120°/5 x 10-* mm., eu 0* mm.,, solidifying at 10° 
and melting at room temperature (Found: C, 62-0; H, 9-4. Calc. for C,H,,ON,: C, 62-3; H, 9-1%) 
(cf. Baker e¢ al., loc. cit.). Solution in concentrated hydrochloric acid and dilution of the solution with 
water gave n-hex id: tamide, m. - 174°, crystallised from aqueous acetone (Found: C, 56-0; 
H, 9-3; N, 16-1. C,H,,0,N, requires C, 55-8; H, 9:3; N,16-3%). The amide was also produced from 
the nitrile by ammoniacal hydrogen peroxide. 

Oxazoles from n-He L tonitrile—Powdered sodium (1-1 g.) was treated with ethyl formate 
(20 c.c.), and when the sodium had dissolved the above nitrile (7-7 g.) in toluene was added. Next 
morning the brown sodio-derivative was treated with ice, and the aqueous layer was extracted with 
chloroform (2 x 30 c.c.), acidified at 0° with acetic acid, and extracted with ether. The washed and 
dried ether solution yielded a brown oil (ca, 2 g.) on evaporation, which gave an intense brown colour 
with alcoholic ferric chloride, and formed in acetic acid solution a bright red 2 : 4-dinitrophenylhydrazone, 
m. p. 178—180°. With aniline overnight, it yielded 5-amino-4-formyl-2-n-amyloxazole anil which 














3232 Cook, Harris, and Levy: 


crystallised from ethyl acetate as needles, m. p. 192° (Found: C, 70-0; H, 7:4; N, 15-9. C,,H,,ON, 
requires C, 70-0; H, 7-5; N, 163%). Distillation of the oil at 124°/5 x 10-* mm. gave 2 n-amyl 
oxazole-4-carboxyamide which crystallised from acetone-light petroleum as needles, or from methanol- 
water as laths, m. p. 158° (Found: C, 59-5; H, 7-6; N, 15-1. Calc. for CsH,,O,N,: C, 59-3; H, 7-7; 
N, 15-4%). The compound gave a crystalline hydrochloride (clusters of needles, m. p. 129°) but no 
coloration with ferric chloride. 

Sodium methoxide (7-2 g.) was stirred with dry ether (1 1.) while a mixture of ethyl oxalate (20 g.) 
and n-hexoamidoacetonitrile (20-5 g.) in ether was added (2—3 hours). Stirring was continued over- 
night and the sodio-derivative (27 g.) then treated with water (100 c.c.), ether (100 c.c.), and acetic acid 
(8-0 c.c.). An unidentified yellow substance separated, which had m. p. 218° (decomp.) after 
crystallisation from pyridine or precipitation with acid from solution in sodium hydroxide. The ethereal 
layer was washed with sodium hydrogen carbonate solution and evaporated ; the crude oxaly] derivative 
gave an intense greenish-purple coloration with alcoholic ferric chloride, and formed an orange 2 ; 4-di- 
nitrophenylhydrazone. Trituration with concentrated hydrochloric acid, and then with water, gave 
n-hexoamido-a-ethoxalylacetamide, m. p. 194° (decomp.), from acetone (Found: C, 53-6; H, 7-4. 
Cy,H»O;N, requires C, 53-0; H, 7-35%). Distillation in a high vacuum at 70—80° afforded 5-carbethoxy- 
2-n-amyloxazole-4-carboxyamide which crystallised from acetone-water or ether, as needles, m. p. 
94—95° (Found: C, 56-8; H, 7-2; N, 10-8. C,,H,,O,N, requires C, 56-7; H, 7-1; N, 110%). It 
gave no coloration with ferric chloride and did not form a 2 : 4-dinitrophenylhydrazone or hydrochloride. 

Carbobenzyloxyamidoacetonitrile-—Aminoacetonitrile sulphate (70 g.) in an ice-cold solution of 

tassium hydroxide (80 g.) in water (500 c.c.) was stirred with ether (300 c.c.) while benzyl chloroformate 
f80 g.) was added during 30 minutes. Concentration of the washed and dried ethereal layer gave the 
crude acyl derivative (80 g.) as a mass of needles. N-Carbobenzyloxyamidoacetonitrile crystallised from 
chloroform-light petroleum or ether-light petroleum as needles, m. p. 64° (Found: C, 63-1; H, 5-3; 
N, 15-0. Cy 9H O,N, requires C, 63-1; H, 5-3; N, 148%). 

Cyanoacetimino Ethyl Ether Hydrochloride.—Malononitrile (6-6 g.) (Org. Synth., 1930, 10, 66; Surrey, 
J. Amer. Chem. Soc., 1943, 65, 2471) in dry ether (30-5 g.) and dry ethanol (4-6 g.) was treated with dry 
hydrogen chloride (1 equiv.) at 0°. After 17 hours at 0°, white leaflets of cyanoacetimino ethyl ether 
hydrochloride (13-5 g., 91%), m. p. 104° (decomp.), had separated from the solution (Found: C, 39-9; 
H, 6-0. C,H,ON,Cl requires C, 40-4; H, 6-1%). 

Methyl 5 : 5-Dimethyl-2-cyanomethylthiazoline-4-carboxylate (X) and Related Compounds.—(a) Peni- 
cillamine methyl ester hydrochloride (80 g.) was converted into the base by treatment with sodium 
hydrogen carbonate (40 g.) in water (500 c.c.) and extraction with chloroform (2 x 500, 2 x 300 c.c.). 
The dried chloroform solution was concentrated to 1 1. by evaporation under reduced pressure, and was 
then treated with cyanoacetimino ethyl ether hydrochloride (59-5 g.). The latter dissolved and 
ammonium chloride began to separate from the warm solution. After 19 hours, the mixture 
was extracted with water (2 x 250 c.c.), and the chloroform evaporated to afford an orange oil (67 g.), 
a portion of which was distilled at 100°/10-° mm. to yield pure methyl 5 : 5-dimethyl-2-cyanomethyl- 
thiazoline-4-carboxylate (X) as a pale-yellow, viscous oil (Found: N, 13-6. C,H,,0O,N,S requires 
N, 13-2%). A second (solid) product was isolated by treating the crude thiazoline with ethyl acetate 
and light petroleum: from aqueous ethanol methyl 5 : 5-dimethyl-2-cyanomethylene-3-(2-cyano-1-ethoxy- 
vinyl)thiazolidine-4-carboxylate (XVIII) separated in rectangular prisms, m. p. 208° (decomp.) (Found: 
C, 55-1; H, 5-5; N, 13-5. C,,H,,03N,S requires C, 54-8; H, 5-5; N, 13-7%). 

(b) Penicillamine methyl ester hydrochloride (13-8 g.), cyanoacetimino ethyl ether hydrochloride 
pes g.), ether (50 c.c.), and a solution of potassium acetate (14-0 g.) in water (25 c.c.) were shaken 
or 2 hours. Water (40 c.c.) was added, the ether separated, the aqueous layer extracted with fresh 
ether, and the combined extracts were washed with water (10 c.c.) and dried (Na,SO,). Evaporation 
of the ‘anal yielded methyl 5: 5-dimethyl-2-cyanomethylthiazoline-4-carboxylate as an. orange oil 
(13-2 g.). 

The thiazoline (2-2 g.) was dissolved in ethanol (20 c.c.) and 0-509N-sodium hydroxide (20-4 c.c.) 
was added, followed after 3 hours by 0-474N-hydrochloric acid (22-9 c.c.). The solution was stirred with 
norite and filtered, ethanol was removed under reduced pressure, and the residual solution extracted 
with ether (4 x 25.c.c.). Evaporation of the dried ethereal solution to about 10 c.c. and addition of 
ethereal benzylamine gave the benzylamine salt of N-cyanoacetylpenicillamine as a white crystalline 
powder (1-8 g.), m. p. 183° (decomp.), from ethanol (Found: C, 55-5; H, 6-8; N, 13-3. C,,H,,0;N,S 
requires C, 55-7; H, 6-5; N, 13-0%). It was soluble in water but insoluble in chloroform and acetone. 

The benzylamine salt (1-5 g.) was dissolved in dilute hydrochloric acid (20 c.c.), and the solution 
extracted with ether (2 x 20 c.c.). The washed, dried ethereal solution was evaporated and the 
residue crystallised from ethyl acetate-light petroleum to give N-cyanoacetylpenicillamine (XVI), m. p. 
139° (Found: C, 45:1; H, 5-5; N, 12-6. C,H,,0,N,S requires C, 44-4; H, 5-6; N, 13-0%). The 
acid gave a brilliant blue colour with ferric chloride solution, which faded when the solution was kept. 

Methyl 5: 5-Dimethyl-2-cyanomethylthiazolidine-4-carboxylate (XVII).—The crude thiazoline (X) 
ig g.) in ether (500 c.c.) was reduced with aluminium amalgam (20 g.) and water (40 c.c.) under reflux 

or 17 hours, and the filtered solution was evaporated to an oil which crystallised and was washed with 
ether-light petroleum (1:1); yield, 5-0 g.; m. p. 722—75°. From chloroform-light petroleum methyl 
5 : 5-dimethyl-2-cyanomethylthiazolidine-4-carboxylate formed hexagonal prisms, m. p. 79° (Found: 
C, 50-6; H, 6-7; N, 13-0; S, 15-4. C,H,,0O,N,S requires C, 50-4; H, 6-6; N, 13-1; S, 150%). In 
another Ly tempter the thiazolidine was isolated as its hydrochloride which formed needles, m. p. 176° 
sag tom methanol-ether (Found: C, 43-5; H, 6-1. C,H,,0,N,CIS requires C, 43-1; H, 6-0%). 

Methyl 5 : 5-Dimethyl-2-aminocyanomethylthiazoline-4-carboxylate (XII).—(i) The crude thiazoline 
(X) (7-0 g.) [prepared by method (5)] in dioxan (50 c.c.) and acetic acid (4-0 g.) was shaken with finely 
powdered sodium nitrite (4-5 g.) for 18 hours. The mixture was poured into ice—-water (250 c.c.) and 
extracted with chloroform (100, 50, 25 c.c.), which was then washed with water (50 c.c.), dried, and 
evaporated under reduced pressure below 40° to yield a dark-red oil. The oil was taken up in dry ether 
(100 c.c.) and added to aluminium amalgam (1-1 g.). To the refluxing solution water (2-2 g.) in ethanol 
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(20 c.c.) was added during 3-75 hours. The mixture was filtered, and excess of ethereal oxalic acid was 
added to the filtrate. Recrystallised from ethanol, the oxalate of methyl 5 : 5-dimethyl-2-aminocyano- 
methylthiazoline-4-carboxylate separated as platelets (4-4 g.), m. p. 153° (decomp.) (Found: C, 44:1; 
H, 5-4; N, 152. CyoH,,0,N,S, requires C, 44-1; H, 5-2; N, 15-4%). 

(ii) The crude thiazoline (X) (60 g.) [prepared by method (a) above] in acetic acid (160 c.c.) was 
cooled in ice, and treated with a solution of sodium nitrite (30 g.) in water (150 c.c.), added dropwise 
with stirring during 1 hour. Stirring was continued for 15 hours under nitrogen, the solution was then 
poured into water (1000 c.c.), and the oil was extracted with ether (500, 2 x 300 c.c.). The extract 
was washed with water (2 x 500 c.c.), dried, and refluxed with aluminium amalgam (9-6 g.), while water 
(20 c.c.) in ethanol (100 c.c.) was added during 2-5 hours. After a further 2-5 hours, the mixture was 
filtered and the filtrate, washings (ethanol; 100 c.c.), and excess of ethereal oxalic acid were left over- 
night, giving a white, crystalline precipitate (26-7 g.) of the oxalate of (XII). 

Methyl 6& : 5-Dimethyl-2-aminocyanomethylthiazolidine-4-carboxylate (XIX) and Devivatives.—The 
oxalate (2-0 g.) was treated with 0-505n-sodium hydroxide (14-5 c.c.), and shaken with ether (100 c.c.). 
The ether solution was dried, and reduced at the b. p. with aluminium amalgam (20 g.) and water 
(4-5 g.) in ethanol (10 c.c.) during 24 hours. Addition of excess of ethereal oxalic acid to the filtrate 
yielded a white crystalline mee ees (0-6 g.), m. p. 149° (decomp.), which depressed the m. p. of the 
starting material, and further differed from the latter by being soluble in ethanol. Recrystallised from 
hot isopropanol, the oxalate of methyl 5 : 5-dimethyl-2-aminocyanomethylthiazolidine-4-carboxylate 
(XIX) ° 32% a (decomp.) (Found: C, 41-7; H, 5-4; N, 13-7. C,,H,,0,N,S requires C, 41-4; 
H, 5-4; N, 13-2%). 

The oxalate of (XIX) (0-479 g.) was stirred with a mixture of ether (20 c.c.), sodium hydrogen 
carbonate (1-0 g.), and water (20 c.c.), and phenylacetyl chloride (0-23 g.) in ether (10 c.c.) was added 
during 20 minutes. After 1-25 hours the ether was evaporated from the washed, dried solution to give 
an oil which crystallised at 0° from ether—light petroleum (b. p. 60—80°); yield, 0-35 g.; m. p. 
102—105°. Recrystallisation from ethyl acetate-light petroleum (b. p. 60—80°) gave methyl 5: bedi 
methyl-2-phenylacetamidocyanomethylthiazolidine-4-carboxylate (XX; R = H) as triangular plates, m. p. 
111° depressed on admixture with (XIII; R = CH,Ph, R’ = Me) (Found: C, 58-9; H, 6-2; N, 12-3. 
C,;H,,0O3N,S requires C, 58-8; H, 6-1; N, 12-1%). When pure, the thiazolidine was sparingly soluble 
in ether, from which solvent the hydrochloride was prepared; the salt crystallised from ethyl acetate 
as platelets, m. p. 124°. (decomp.) (Found: C, 53-4; H, 5-9; N, 10-8. C,,H,,0,N,CIS requires C, 53-2; 
H, 5-8; N, 10-9%). It was soluble in dioxan, chloroform, ethanol, or isopropanol, and insoluble in 
ether, cold ethyl acetate, or light petroleum. 

(XX; R= H) (0-557 g.) in ethyl acetate (10 c.c.) and ether (20 c.c.) was treated with excess of ethyl 
chloroformate (0-50 g.) and saturated sodium hydrogen carbonate solution (20 c.c.), added dropwise 
with stirring during 40 minutes. Stirring was continued for 3 hours, and the organic layer was washed, 
dried, and evaporated. The residual gum in ether (10 c.c.) and ethyl acetate (7 c.c.) was treated with 
saturated ethereal hydrogen chloride (2-5 c.c.) to precipitate unchanged thiazolidine as hydrochloride 
(0-14 g.). From the filtrate methyl 3-carbethoxy-5 : 5-dimethyl-2-phenylacetamidocyanomethylthiazolidine- 
4-carboxylate (XX; R = CO,Et) was obtained. It crystallised from ether-light petroleum as prisms, 
m. p. 82—83° (Found: C, 57-3; H, 6-1. C,9H,,0,N;S requires C, 57-3; H, 60%). 

Acyl Derivatives of (XII).—The oxalate of (XII) (10-0 g.) was stirred with ether (250 c.c.), sodium 
hydrogen carbonate (15 g.), and water (200 c.c.), while m-hexoyl chloride (9-0 g.) in ether (20 c.c.) was 
added during 30 minutes. Stirring was continued for 1-25 hours, and the ethereal phase was washed 
with sodium hydrogen carbonate solution and water, dried, and evaporated. The residual oil was 
dissolved in ethyl acetate, and light petroleum (b. p. 60—80°) added. After 3 days at 0° the solution 
had deposited crystals (4-2 + 1-4 g.), m. p. 108—111°. Recrystallised from ethyl acetate and light 
petroleum, methyl 5 : 5-dimethyl-2-hexoamidocyanomethylthiazoline-4-carboxylate (XIII; R = n-C,H,,, 
R’ = Me) was obtained as rectangular prisms, m. p. 111—113° (Found: C, 55-1; H, 7-0; N, 12-8. 
C,,;H,,0,N,S requires C, 55-4; H, 7-1; N, 12-9%). From ethanol—water laths, m. p. 57—60°, were 
obtained, presumably a hydrate since further crystallisation from ethyl acetate-light petroleum after 
drying in a vacuum raised the m. p. to 111—113°. 

The oxalate of (XII) (2-0 g.), suspended in a mixture of ether (50 c.c.) and sodium hydrogen carbonate 
(3-0 g.) in water (50 c.c.), was treated with phenylacetyl chloride (1-5 g.) in ether (10 c.c.) during 
50 minutes, and stirring continued for 1-5 hours. The white crystalline product (2-35 g.) had m. p. 105° 
(decomp.). Recrystallisation from ethanol—-water gave methyl 5 : 5-dimethyl-2-phenylacetamidocyano- 
methylthiazoline-4-carboxylate (XIII; R = CH,Ph, R’ = Me) as sheaves of laths, m. p. 111° (decomp.) 
(Found: C, 59-2; H, 5:5; N, 12-5. C,,H,,0,;N,S requires C, 59-1; H, 5-5; N, 12-2%): It was 
soluble in ethanol, chloroform, ethyl acetate, and acetone, and insoluble in ether or light petroleum. 

The oxalate of (XII) (5-0 g.) was —— in ether (50 c.c.) and acylated during 1-5 hours with 
benzoyl chloride (4-0 g.) in the presence of excess of aqueous sodium hydrogen carbonate. The initially 
sticky product changed to a powder (2-9 g.), m. P. 147—150°. The filtrate was separated, and the 
dried organic layer was treated with ethereal hydrogen chloride giving a crystalline cyclic product, 
m. p. 217° (decomp.) (see below). Recrystallisation of the material, m. p. 147—150°, from ethyl acetate— 
light petroleum (b. p. 60—80°) yielded methyl 5 : 5-dimethyl-2-benzamidocyanomethylthiazoline-4- 
carboxylate (XIII; R = Ph, R’ = Me) as prisms, m. p. 154—155° (decomp.) (Found: C, 58-1; H, 5-0; 
N, 12-3. C,,H,,0O,N,S requires C, 58-0; H, 5-2; N, 12-7%). 

Interconversions of 2-Acylamidocy thylthiazolines and 4-Thiazolin-2’-yl-amino-oxazoles.—(a) (XIII; 
R = CH,Ph, R’ = Me) (0-95 g.) was treated for 16 hours with phosphorus pentachloride (0-57 g.) in 
chloroform (25 c.c.; dried over P,O;), and the solution was then stirred with excess of ice-cold sodium 
hydrogen carbonate for 15 minutes. The washed, dried chloroform solution yielded an oil which was 
dissolved in ether and treated with hydrogen chloride to give a white precipitate (0-8 g.), m. p. 155° 
(decomp.). Recrystallised from chloroform and ether, the product had m. p. 160—161° (decomp.), 
undepressed with that of the material next prepared. 

(XIII; R = CH,Ph, R’ = Me) (19-8 g.) in ethyl acetate (200 c.c.) and ether (150 c.c.) was treated 
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with saturated ethereal hydrogen chloride (70 c.c.) and the solution left for 20 hours. Recrystallisation 
of the product (21-3 g.) from ethyl acetate gave the hydrochloride (KIV; R = CH,Ph, R’ = Me) as 
hexagonal plates, m. p. 165° (decomp.) (Found: C, 53-4; H, 5-2; N, 10-2; Cl, 9-7. C,,H,,O,N,CIS 
requires C, 53-5; H, 5-2; N, 11-0; Cl, 93%). The hydrochloride (8-0 g.) in chloroform (120 c.c.) was 
shaken with excess of sodium carbonate solution and gave, on evaporation of the chloroform, a solid 
(6-14 g.), m. p. 121—122°. Recrystallisation from chloroform-light petroleum yielded 5-imino-2- 
benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-A*-thiazolin-2-yl)oxazoline (XV; R=CH,Ph, R’ = Me) as 
rectangular plates, m. p. 125° (Found: C, 59-2; H, 5-4; N, 11-9. C,,H,,0,;N,S requires C, 59-1; 
H, 5-5; N, 12-2%). It was soluble in ether, and yielded the hydrochloride immediately on treatment 
with hydrogen chloride, but gave no picrate in ether. The hydrochloride of (XIV; R = CH,Ph, 
R’ = Me) (156 mg.) in ethanol (2-0 c.c.) was treated with excess of ethereal diazomethane overnight, 
On evaporation of the solvent, a yellow oil was obtained which crystallised as plates from ether on 
seeding with (XV; R = PhCH,, R’ = Me); the product had m. p. 112—116° undepressed on admixture 
with authentic (XV; R = CH,Ph, R’ = Me). 

(b) (XIII; R = Ph, R’ = Me) (2-5 g.) in ethyl acetate (30 c.c.) and ether (20 c.c.) was treated with 
saturated ethereal hydrogen chloride (10 c.c.), and next day the precipitate (2-7 g.) was recrystallised 
from chloroform-ether giving 5-amino-2-phenyl-4-(4-carbomethoxy-5 : 5-dimethylthiazolin-2-yl) oxazole 
hydrochloride (XIV; R= Ph, R’ = Me) as pale yellow prims, m. p. 219° (decomp.) depending on the 
rate of heating (Found: C, 51-8; N, 5:2; N, 11-0; Cl, 9-6. © ,,H,,0,;N,CIS requires C, 52-2; H, 4-9; 
N, 11-4; Cl, 96%). Shaking this hydrochloride in chloroform with sodium hydrogen carbonate 
solution gave 5-imino-2-phenyl-4-(4-carbomethoxy-5 : 5-dimethylthiazolin-2-yl)oxazoline (XV; R = Ph, 
R’ = Me) which separated from ethyl acetate-light petroleum (b. p. 60—80°) as long narrow plates, 
m. p. 160—161° (Found: C, 57:7; H, 5-0; N, 12-5. C,,.H,,O,N,;S requires C, 58-0; H, 5-2; N, 
12-7%). It formed a picrate, m. p. 206—207° (decomp.). 

(c) (XIII; R = n-C,H,,, R = Me) (4-0 g.) in ethyl acetate (25 c.c.) and ether (150 c.c.) was treated 
with saturated ethereal hydrogen chloride (15 c.c.) for 21 hours, and the 5-amino-2-n-amyl-4-(4- 
carbomethoxy-5 : 5-dimethylthiazolin-2-yl)oxazole hydrochloride (XIV; R = n-C,H,,, R’ = Me) (4-4 g.) 
crystallised from chloroform-light petroleum (b. p. 60—80°) to form rosettes of laths, m. p. 133° 
(decomp.) (Found: C, 49-0; H, 6-3; N, 11-0; Cl, 10-8. C,;H,,0,N,CIS requires C, 49-8; H, 6-7; 
N, 11-6; Cl, 98%). The hydrochloride (3-65 g.) in chloroform was shaken with excess of 
sodium hydrogen carbonate solution. Evaporation of the dried chloroform solution left a dark green 
oil, which was taken up in ether and chromatographed on alumina (Spence, type H). The colourless 
oil (1-6 g.) obtained by evaporation of the eluate showed light-absorption maxima at 2650 a. (E}%, = 
380) and 28104. (E1%, = 345). With ethereal hydrogen chloride it was reconverted immediately 
into the hydrochloride, m. p. 127—129°. Distillation of the oil in a high vacuum at 120° yielded a 
distillate showing light-absorption at 2710 a. (E}%, = 570). A similar oily product was obtained on 
treatment of the hydrochloride with diazomethane. 

(ad) The hydrochloride of (XIV; R = CH,Ph, R’ = Me) (0-5 g.) in ethanol (10 c.c.) was treated with 
0-528N-sodium hydroxide (2-4 c.c.) during 50 minutes. Next day, removal of ethanol and acidification 
gave a halogen-free solid, m. p. 100—105° (decomp.), insoluble in sodium hydrogen carbonate solution. 
Recrystallised from ethanol—water, it separated in prismatic needles (0-31 g.), m. p. 105° (decomp.), of 
(XIII; R = CH,Ph, R’ = Me) (Found: N, 11-8. Calc. for C,,H,gO,N,S: N, 12-2%). The compound 
showed light-absorption at 2700—2800 a. (Ei%, = 500), and yielded the hydrochloride with ethereal 
hydrogen chloride. 

The hydrochloride of (XIV; R= CH,Ph, R’ = Me) (0-5 g.) in ethanol (10 c.c.) was kept with 
0-528N-sodium hydroxide (4-86 c.c.) for 22 hours. The ethanol was removed by evaporation under 
reduced pressure, the residue was diluted with a little water, and 0-474N-hydrochloric acid (1 equiv.) 
was added at 0°. The gummy precipitate rapidly solidified (0-33 g.) and, recrystallised from ethanol- 
water, 5: 5-dimethyl-2-phenylacetamidocyanomethylthiazoline-4-carboxylic acid (XIII; R= CH,Ph, 
R’ = H) separated as silky needles, m. p. 129° (decomp.) (Found: N, 12-0. C,,H,,O,;N,S,H,O requires 
N, 12-0%), soluble in sodium hydrogen carbonate solution. 

The hydrochloride of (XIV; R = CH,Ph, R’ = Me) (200 mg.) was dissolved in pyridine (5 c.c.). 
After 24 hours, the solvent was removed under reduced pressure, the residue was dissolved in ethyl 
acetate, and the solution washed with dilute hydrochloric acid, sodium hydrogen carbonate solution, 
and water. On evaporation of the dried solution a yellow oil was obtained, which with aqueous ethanol 
afforded elongated prisms (110 mg.), m. p. 108—109° (decomp.) undepressed on admixture with the 
authentic ester (XIII; R = CH,Ph, R’ = Me). 

The hydrochloride (XIV; R = CH,Ph, R’ = Me) (0-5 g.) was dissolved in ethanol (10 c.c.) and 
2n-hydrochloric acid (10 c.c.). After 18 hours, the solution was evaporated to dryness under reduced 
pressure, the residue was dissolved in chloroform, and the solution was extracted with sodium hydrogen 
carbonate solution. The washed, dry chloroform solution was concentrated to a gum which was 
crystallised by addition of ethyl acetate. From chloroform-light petroleum (b. p. 60—80°) methyl 
5 : 5-dimethyl-2-(1-phenylacetamido-1-carbamylmethylene)thiazolidine-4-carboxylate (XXI) separated as 
prismatic needles, m. p. 186—187° (Found: C, 55-8; H, 5-8; N, 11-9; S, 9-2. C,,H,,O,N,S requires 
C, 56-2; H, 5-8; N, 11-6; S, 88%). The compound yielded no colour with sodium nitroprusside in 
aqueous-ethanolic sodium hydroxide. 

(e) The base (XV; R = CH,Ph, R’ = Me) (0-3 g.) in methanol (10 c.c.) was kept with 0-505n- 
sodium hydroxide (1-72 c.c.) for 22 hours. Methanol was then removed under reduced pressure, and 
the residue was diluted with water, extracted with ether, and acidified at 0°. The material obtained by 
crystallising the precipitate from ethanol had m. p. 119° (decomp.), undepressed on admixture with 
5 : 5-dimethyl-2-phenylacetamidocyanomethylthiazoline-4-carboxylic acid obtained as above, and also 


[yield, 1-64 g.; m. p. 129° (decomp.) (from ethanol)] by hydrolysis of (XIII; R = CH,Ph, R’ = Me) 
(2-32 g.) in ethanol (15 c.c.) with 0-505N-sodium hydroxide (13-1 c.c.). Esterification of the acid 
(XIII; R = CH,Ph, R’ = H) (100 mg.) in dry acetone (1-5 c.c.) with excess of ethereal diazomethane, 
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followed by evaporation of the solvent and crystallisation of the residue from ethyl acetate—light 
petroleum gave the ester (XIII; R = CH,Ph, R’ = Me) as elongated prisms, m. p. 104—106° (decomp.) 
undepressed by authentic material. ° 

(f) The compound (XIII; R= CH,Ph, R’ = Me) (200 mg.) in ethanol (7 c.c.) was kept with 
2n-hydrochloric acid (5 c.c.) for 17 hours. The solvents were evaporated, the residue was dissolved in 
chloroform, and the solution was washed, dried, and evaporated to give an oil which crystallised from 
ethyl acetate. The first crop of cystals (about 35 mg.) had m. p. 181—183°, undepressed by the amide 
(XXI). On spontaneous evaporation, the filtrates yielded a crystalline residue, m. p. 125°, undepressed 
on admixture with authentic (XV; R = CH,Ph, R’ = Me), and exhibiting the correct ultra-violet 
absorption spectrum for that compound. 

The acid (XIII; R = CH,Ph, R’ = H) (1-64 g.) in ethyl acetate (25 c.c.) and dry ether (50 c.c.) 
was treated with saturated ethereal hydrogen chloride (7 c.c.); after 17 hours the crystalline product 
(1-63. g.) was washed with ether, and it then had m. p. 175° (decomp.). Recrystallisation from 
chloroform-ether gave 5-amino-2-benzyl-4-(4-carboxy-5 : 5-dimethyl-2-thiazolinyl)oxazole hydrochloride 
(XIV; R = CH,Ph, R’ = H) as platelets, m. p. 174° (decomp.) (Found: C, 51-9; H, 4-6; N, 11-5. 
CygH,s03N,CIS requires C, 52-2; H, 4-9; N, 11-4%). It gave with aqueous-ethanolic ferric chloride 
a stable blue colour, which persisted after the addition of sodium hydrogen carbonate. 

(g) The ester (XIII; R = n-C,H,,, R’ = Me) (0-655 g.) in ethanol (5 c.c.) was treated with 0-505n- 
sodium hydroxide during 1-5 hours, and the solution kept for 21-5 hours. The solvents were removed at 
40°, and the residue was taken up in water (<u c.c.) and chloroform (15 c.c.). The filtered aqueous 
layer was acidified at 0°, and the separated solid (0-42 g.) was recrystallised from ethanol—water, where- 
upon 5 : 5-dimethyl-2-n-hexoamidocyanomethylthiazoline-4-carboxylic acid (XIII; R = n-C,H,,, R’ = H) 
separated as needles, m. p. 104—105° (decomp.) (Found: C, 51-3; H, 7-4; N, 12-7. C,,H,,0O,;N,S,H,O 
requires C, 51-1; H, 7-0; N, 12-8%). It gave a permanent blue colour with aqueous ferric chloride. 
This acid (155 mg.) in ethyl acetate (4 c.c.) and dry ether (20 c.c.) was treated with saturated ethereal 
hydrogen chloride (3 c.c.), and after 6 hours the crystalline product, m. p. 164° (decomp.), was 
recrystallised from ethyl acetate, giving 5-amino-2-n-amyl-4-(4-carboxy-5 : 5-dimethyl-2-thiazolinyl)- 
oxazole hydrochloride (XIV; R = n-C;H,,, R’ = H) as white plates, m. p. 164° (decomp.) (Found : 
C, 48-6; H, 6-5; N, 11-7; Cl, 10-6. C,,H,,0O,;N,CIS requires C, 48-3; H, 6-4; N, 12-1; Cl, 10-2%). 

(kh) The hydrochloride (XIV; R = CH,Ph, R’ = H) (195 mg.) in methanol (5 c.c.) was treated with 
excess of ethereal diazomethane overnight. Evaporation of solvents and treatment of the residual oil 
with a little dry ether yielded a solid, m. p. 104—108°. Recrystallised from acetone—water it had 
m. p. 125°, undepressed on admixture with authentic (XV; R = CH,Ph, R’ = Me). Its identity was 
confirmed by its ultra-violet absorption spectrum and conversion into a hydrochloride, m. p. 163° 
(decomp.) undepressed with authentic material. 

The hydrochloride (XIV; R = CH,Ph, R’ = H) (150 mg.) in chloroform (5 c.c.) was shaken with 
potassium acetate (1 g.) in water (10 c.c.), and the chloroform layer evaporated to give a residue which 
crystallised from ethanol—water at 0°. The product (91 mg.) had m. p. 128° (decomp.), undepressed on 
admixture with authentic (XIII; R = CH,Ph, R’ = H), and showed ultra-violet light-absorption at 
2700—2800 a. Thecolourless solution in ethanol became yellow on heating and colourless again on cooling. 

Thiazolinyl-aminothiazoles.—The oxalate of (XII) (1-0 g.), suspended in ether (40 c.c.), was shaken 
with 0-83N-sodium hydroxide (44-0 c.c.), and the aqueous layer again extracted with ether (20 c.c.). 
The combined ethereal solution was dried (Na,SO,) and evaporated, and the residue heated under reflux 
with ether and excess of carbon disulphide for 5-5 hours. Removal of the solvent and trituration of the 
residue with ether gave a yellow solid, m. p. 169° (decomp.). Recrystallised from hot dioxan by the 
addition of water, 5-amino-2-mercapto-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)thiazole (XXII; 
R = SH) separated as yellow prisms, m. p. 184° (decomp.) (Found: C, 40-6; H, 4-4. C,.H,,0,N,S, 
requires C, 39-6; H, 4-3%). The same compound was also obtained by liberating the amino-nitrile 
with sodium methoxide in methanol, and then treating it with ethereal carbon disulphide in the cold. 

The amine oxalate (XII) (1-0 g.) was suspended in ether and treated with a solution of phenyldithio- 
acetic acid in ether (2-4 c.c.; 131 mg./c.c.). The mixture was shaken overnight with 0-505N-sodium 
hydroxide (11-0 c.c.), and the solution filtered from solid (0-35 g.), m. p. 164°. The ethereal phase 
from the filtrate was washed, dried, and evaporated, and the residual oil stirred with a little ether. 
The solid was combined with the above, and 5-amino-2-benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazo- 
linyl)thiazole (XXII; R = CH,Ph) crystallised from chloroform-light petroleum as white needles, 
m. p. 165° (Found: C, 56-5; H, 5-4. CH 0,N,S, requires C, 56-5; H, 5-3%). A solution of this 
compound (1-0 g.) in ethyl acetate (35 c.c.) was saturated with dry hydrogen chloride, and after 18 hours 
the crystalline precipitate (1-0 g.) was recrystallised from acetic acid, whereupon the hydrochloride 
of (XXII; R = CH,Ph) separated as yellow rhombic prisms, m. p. 205° (decomp.) (Found: C, 51-2; 
H, 5-0; N, 10-4; S, 15-9. €.-H,.0,N,ClS, requires C, 51-3; H, 5-1; N, 10-6; S, 16-1%). By shaking 
this with chloroform and sodium hydrogen carbonate solution, the base was regenerated as needles, 
m. p. 164—165°. 

The oxalate (XII) (0-5 g.) was shaken with ether (10 c.c.), sodium dithioformate (0-187 g.), and 
0-505N-sodium hydroxide (3-7 c.c.) for 17 hours. The solid was collected, and combined with material 
obtained from the washed ether solution by evaporation and stirring with fresh ether or benzene. The 
crude product had m. p. 132°, and after recrystallisation from chloroform-light petroleum, 5-amino-4- 
(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)thiazole (XXII; R = H) separated as colourless, glistening 
prismatic laths, m. p. 143° (Found: C, 44-9; H, 4:8; N, 15-0; S, 23-6. CC, H,,;0,N,S, requires C, 44-3; 
H, 4-8; N, 15-5; ge 23-6%). It formed a crystalline hydrochloride. 
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679. Syntheses in the Penicillin Field. Part VIII. Thiazolinyl- 
amino-oxazole Derivatives. 


By A. H. Cook and G. Harris. 


The attempted reduction of thiazolinyl-amino-oxazoles to the corresponding thiazolidines by 
mild reagents could not be effected although the reduction of an acetyl derivative was accom- 
plished. The use of the resulting thiazolidine (VIII; R = H) in an attempted synthesis of 
penicillin led to a compound showing some antibiotic activity. 


Part VII described the preparation and some properties of the tautomeric thiazolinyl-amino- 
oxazoles (I) and (II). The most attractive route to penicillins via compounds (I) appeared to 
be in reduction of the latter to the corresponding thiazolidinylamino-oxazoles (III), followed 
by the deamination of the amino-oxazole ring, perhaps by means of nitrous acid or nitrosyl 
chloride. Reduction of the base (II; R = CH,Ph, R’ = Me) was first attempted by mild 
catalytic means using Raney nickel, palladium on barium sulphate, or a mixture of Raney 
nickel, palladium on barium sulphate, and palladium on charcoal, but (II) was recovered 
unchanged from these reactions. 

With aluminium amalgam in moist ether, however, reduction of (II; R = CH,Ph, R’ = Me) 
proceeded in an unexpected fashion. When an excess of aluminium amalgam was used, as for 
conversion of thiazolines into thiazolidines, the product, isolated as an amorphous oxalate, 
analysed as the thiazolidine (IV) instead of the required (III; R = CH,Ph, R’ = Me). It was 
evident that reductive scission of the amino-oxazole ring had occurred, presumably by isomeris- 
ation to the acyclic form (V) followed by reduction of the cyano-group. Confirmation that the 
amino-oxazole ring would isomerise to the open-chain form under the conditions used for reduc- 
tion was obtained by allowing (II; R = CH,Ph, R’ = Me) to react with less aluminium amalgam. 
In this way reduction was avoided, and the product was (V; R = CH,Ph, R’ = Me); this 

R'O,CCHN ¢(NH,)"9 _. R’O,C-CH'N ¢(:NH)-O R’0,C-‘CH-NH_ ((NH,)-O 

Me,C’S-C—C—N=CR Me,C-S-C—CH-N=CR Me,C:-S-CH—C—N=CR 
(I.) (II.) (III.) 
MeO,C-CH-NH CH,'NH, R’O,C’CH-N CN 

Me,C:S-CH—CH:NH:CO-CH,Ph Me,C-S-C—CH’NH:’COR 
(IV.) (V.) 
R’0,C-CH-N C(NHAc)-O MeO,C-‘CH—NH_ ((N:CMe,)-O 
Me,C-S-C—C——N=CR Me,C‘SH CO—C——N==C-CH,Ph 
(VI.) (VII.) 
MeO,C-CH-NR C(NHAc)-O MeO,C-CH:N C(NHAc)*S (O-NH, 
> N=C-CH,Ph  Me,C‘SC—C——-N=C-CH,Ph (MeO),CH-CH-NH-CO-NHMe 
(IX.) (X.) 


observation accords with the previous finding (Part VII) that (II; R= CH,Ph, R’ = Me) 
readily undergoes ring-opening under mildly alkaline conditions, e.g., with pyridine, and 
apparently the isomerisation is effected by the alumina formed during the reduction. The 
reduction of a cyano-group with aluminium amalgam is. unusual, but is paralleled in a similar 
case, namely in the reduction of oximinomalonitrile which with aluminium amalgam yields 
«f-diaminopropionitrile (unpublished observation). Similar reduction of the thiazolinyl- 
aminothiazole corresponding to (II; R = CH,Ph, R’ = Me) (Part VII) gave only an unstable 
oil. Despite the ready ring-opening of (II) in pyridine, an acetyl compound (VI; R = CH,Ph, 
R’ = Me) was obtained using pyridine—acetyl chloride or, in poor yield, by the action of hot 
acetic anhydride. In both reactions (V; R = CH,Ph, R’ = Me) was obtained as a by-product, 
which formed no acetyl derivative under such conditions. The compounds (II; R = Ph, 
R’ = Me) and (II; R= m-C;H,,, R’ = Me) also yielded acetyl derivatives which formed 
crystalline hydrochlorides, presumably by virtue of the tertiary nitrogen atom in the oxazole 
ring. The formation of such hydrochlorides is paralleled in the thiazolinyl-oxazolone series 
(‘‘ The Chemistry of Penicillin,” Princeton Univ. Press, 1949, p. 857) and also in the related 
aminothiazole series, where ethyl 5-hexoamido-2-benzylthiazole-4-carboxylate forms a hydro- 
chloride (J. A. Elvidge, Ph.D. Thesis, London, 1946). In the case of the hydrochlorides of the 
acetyl compounds (VI; R = Ph or n-C,H,,, R’ = Me) the light absorption resembled that of 
the hydrochlorides of the parent amines (I; R = Ph or n-C;H,,, R’ = Me) (see Table), and 
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differed from that of the bases, suggesting tautomerism similar to that encountered previously, 
viz., (I) == (II) (Part VII). Treatment of the acetyl compound (VI; R = CH,Ph, R’ = Me) 
with dilute hydrochloric acid in acetone apparently resulted in hydrolysis of the thiazoline 
ring as well as removal of the acetyl group for the product had ultra-violet absorption and 
analysis compatible with structure (VII). The acetyl compound (VI; R = CH,Ph, R’ = Me) 
was unaffected by Raney nickel and hydrogen in ethanol, but treatment with aluminium amalgam 
gave the thiazolidine (VIII; R = H) isolated as crystalline hydrochloride, and as the methyl- 
carbamyl derivative (VIII; R = NHMe:CO) formed from the oily base and methyl isocyanate. 
A similar reduction of the thiazolinyl acetamidothiazole (IX) to a thiazolidine was unsuccessful, 
as were attempts to reduce the corresponding 5-aminothiazole, or the phenyl compound (II; 
R = Ph, R’ = Me). 

The successful reduction of (VI; R = CH,Ph, R’ = Me) to (VIII) presented the possibility 
of obtaining, by deacetylation, the thiazolidine (III; R= CH,Ph, R’= Me). Attempts to 
accomplish the deacetylation with dry methanolic hydrogen chloride, however, led to extensive 
breakdown of the compound (VIII), the main product isolated being an unstable oil, which 
reacted with methyl isocyanate to give (X). It thus appears that (VIII) undergoes scission 
of both the thiazolidine and acetamido-oxazole rings with methanolic hydrogen chloride, the 
thiazolidine portion giving rise to the dimethyl acetal grouping of (X), and the acetamido- 
oxazole ring being split hydrolytically to an a-amino-amide. The use of other deacetylation 
reagents was inadmissible since alkalis led to ring-opening of the amino-oxazole ring and hydrogen 
halides in other alcohols caused trans-esterification. 

Meanwhile, similar experiments with (I; R = CH,Ph, R’ = H) were carried out. The 
reduction of this compound with aluminium amalgam was not effected, and acetylation under 
the conditions described above for the corresponding ester yielded only the neutral diketo- 
piperazine (XI). Treatment of the hydrochloride of (I; R = CH,Ph, R’ = H) with diphenyl- 
keten, in the hope of removing hydrogen chloride and acylating in one step, yielded only a 
neutral oil. The formation of (XI) presented evidence that the thiazolidylidene structure 
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could participate in the tautomerism of the thiazolinyl-amino-oxazoles, and further evidence 
for this was obtained when (II; R = CH,Ph, R’ = Me) reacted with methyl or phenyl iso- 
cyanate. The isocyanates first reacted with the amino- or imino-group of the oxazole ring 
in (II), the products undergoing immediate cyclodehydration to yield the N-methyl- and N- 
phenyl-compounds (XII; R= NMe) and (XII; R®& NPh) which showed light absorption 
in agreement with their formulation as purine analogues (see Table). This reaction with 
isocyanates was originally intended to yield the ureido-derivatives (XIII; R = Me or Ph) for 
possible conversion into penicillin by means of nitrous acid. 

A similar route to penicillin involved the preparation of the urea (XIII; R =H), but 
(II; R = CH,Ph, R’ = Me) failed to react with cyanic acid, nitrourea, or urethane, and the 
reaction of (II; R = CH,Ph, R’ = Me) or (II; R= Ph, R’ = Me) with carbonyl chloride 
and ammonia led only to the isolation of the bis-compound (XIV; R= Ph). Similarly, the 
reaction of (II; R = CH,Ph, R’ = Me) with benzyl or ethyl chloroformate did not lead to 
crystalline products, the materials isolated consisting largely of (II) or (V), depending upon 
whether pyridine was used in the reaction or not. The compound (II; R = CH,Ph, R’ = Me) 
did not react with carbon disulphide and potassium carbonate to yield a dithiocarbamate. 
The use of phenyl chlorothiolformate (Ehrensvard, Nature, 1947, 159, 500) as an acylating 
agent for the protection of the amino-oxazole ring in (II; R = CH,Ph, R’ = Me) yielded no 
crystalline acyl compound even when reaction was effected in the presence of triethylamine 
or pyridine as promoter. However, (II; R = Ph, R’ = Me) with phenyl chlorothiolformate 
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afforded the desired acyl compound which spontaneously eliminated thiophenol to yield a 
purine analogue (XII; R=). This prevented the use of the required acyl compound for 
reduction to a thiazolidine, to be followed by removal of the phenylthioformy] group by known 
mild methods. 

In view of the failure to isolate the compound (III; R = CH,Ph, R’ = Me), a number of 
attempts to utilise the acetyl derivative (VIII; R = H) directly for the synthesis of penicillin 
were made. Reaction of this derivative with one mole of nitrous acid by treatment of the 
hydrochloride with sodium nitrite resulted only in the recovery of starting material, but 
interaction with excess of nitrous acid in aqueous ethanolic solution yielded a product (which 
gave a positive Liebermann reaction) tentatively formulated as (XV), N-nitrosation having 
apparently been accompanied by oxidation. This product was completely inactive against 
Staph. aureus. 

Since nitrosyl chloride reacts with acylamido-compounds to yield N-nitroso-compounds, 
tautomeric with diazoacetates, the reaction with the thiazolidine (VIII; R = H) was attempted 
in the hope that the acylamido-group would be attacked, and that the intermediate obtained 
on working up in aqueous media, for which thiazolidinyloxazolone, triazine, or keten structures 
were possible, would lead to penicillin. The compound (VIII; R = H) was therefore treated 
with an acetic anhydride solution of nitrosyl chloride—pyridine or nitrosyl chloride—potassium 
acetate under various conditions. In this way products having some antibacterial activity 
were obtained (0°5 unit/mg., based on weight of ester taken). The most favourable conditions 
were: treatment with pyridine and two equivalents of nitrosyl chloride, followed by brief 
heating at 70° in the presence of pyridine hydrochloride. It is of interest that the acetyl 
compound (VI; R = CH,Ph, R’ = Me) failed to react with nitrosyl chloride in acetic anhydride- 
potassium acetate under conditions which yielded N-nitrosoacetanilide from acetanilide in 
good yield. 

In view of the relatively unpromising aspect of the routes to penicillin outlined above, 
attention was turned to other methods of synthesis, which will be described in future papers. 


Absorption spectra. 
Compound. Anan, A. ES. Compound. Aue, &. Et%. 


Thiazolidine. Thiazolinylthiazole. 
(IV, oxalate) © end absorption! (IX) 22801 510 
2680 
Thiazolinyloxazoles a 
(VI; R =CH,Ph, R’ = Me) 22701 
2450 * Diketopiperazine. 
(VI; R = Ph, R’ = Me) 28102 (XI) 2440 * 
2900 2940 
2990 3560 
ag R- de Ph, R’ = Me) hydro- a ‘ Dihydropyrimidines. 
3590 (XII; R = NMe) 2880 * 
2950 
(VI; R=n-C,H,,, R’ = Me), 23101 . 
hydrochloride 2690 (XII; R = NPh) 2910 * 


3360 
Urea. 
Oxazoles. (XIV; R = Ph) 2580 2 


(VII) 24501 190 noes 
3040 420 3510 


(VII), hydrochloride end absorption 4 3660 
* Inflection. 1 Measured in ethanol. 2 Measured in chloroform. 


EXPERIMENTAL. 


Reaction of 5-Imino-2-benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)oxazoline with Aluminium 
Amalgam.—The compound (II; R = CH,Ph, R’ = Me) (1-0 g.) in ether (150 c.c.) was reduced with 
aluminium amalgam (1 g.) and water (2 c.c.) in ethanol (10 c.c.) during 40 hours. After filtration, the 
filtrate and washings (ethanol, 20 c.c.) were concentrated by evaporation in a vacuum to a pale yellow 
oil, which was dissolved in ethyl acetate and poured into ethereal oxalic acid. The white hygroscopic 
solid compound was a from acetic acid by ether, and washed with dry ether (Found: 
C, 52-6; H, 6-7%; equiv., 210. C, sH,,O,N,S requires C, 51-7; H, 6-2%; equiv., 213-5). The base 
was inactive against S. aureus, and was also inactive after treatment with sodium nitrite in presence of 
phosphoric acid. 

The compound (II; R = CH,Ph, R’ = Me) (0-5 g.) was refluxed in ether (50 c.c.) with aluminium 
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amalgam (0-16 g.), while water (0-4 c.c.) was added slowly (2—3 hours). Refluxing was continued for 
17—18 hours, and after filtration the filtrate and ethereal washings were evaporated ina vacuum. The 
residual oil crystallised on treatment with dry ether and was recrystallised from ethanol—water, where- 
upon (V; R = CH,Ph, R’ = Me) separated as laths, m. p. 100° (after being washed with ether). The 
material showed ultra-violet absorption maximum at 2700 a. (E}%, = 550), and with ethereal hydrogen 
chloride yielded a ——- m. p 157° (decomp.), undepressed on admixture with the hydrochloride 
(I; R = CH,Ph, R’ = Me); the same hydrochloride was obtained from the ethereal filtrates. 
5-Acetamido - 2 -benzyl-4- (4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)oxazole (VI; R= CH,Ph, 
R’ = Me).—(a) The base (Il; R = CH,Ph, R’ = Me) (0-43 g.) was heated on the steam-bath with 
acetic anhydride (5 c.c.) for 15 minutes. Removal of excess of reagent under reduced pressure yielded 
a yellow oil, which crystallised from ethanol—water, and was recrystallised from ethyl acetate—light 
petroleum (b. p. 60—80°), giving 5-acetamido-2-benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)- 
oxazole as needles, m. p. 118° (Found: C, 58-5, 59-0; H, 5-4, 5-4. C,,H,,0O,N,S requires C, 58-9; H, 
5-5%), depressed on admixture with either starting material or (V; R = CH,Ph, R’ = Me). The 
product was insoluble in ethanol but soluble in ether, in which solvent it yielded no permanent precipitate 
with hydrogen chloride. The aqueous ethanolic filtrates from the crude acetamido-compound deposited 
(V; R= CH,Ph, R’ = Me), m. p. 108—111° undepressed on admixture with authentic material. 

(b) The hydrochloride of (I; R = CH,Ph, R’ = Me) (9 g.) was added to an ice-cold mixture of 
pyridine (44 g.), dry chloroform (160 c.c.), and acetyl chloride (4-6 c.c.), and after 17 hours the solution 
was evaporated to dryness in a vacuum at 40—50°. The residue was treated with water (100 c.c.) and 
ethyl acetate (150 c.c.), and the ester-phase washed with 2N-hydrochloric acid, sodium hydrogen 
carbonate solution, and water. Evaporation of the ethyl acetate gave a red oil which with aqueous 
ethanol afforded crystals (5-0 g.); recrystallised from ethyl acetate—light petroleum (b. p. 60—80°) 
the acetyl compound (4-5 g.) had m. p. 117—118°. 

5-A cetamido-2-phenyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)oxazole-—The amino-oxazole (II; 
R = Ph, R’ = Me) (0-5 g.) was added to a mixture of pyridine (5 c.c.), chloroform (19 c.c.), and acetyl 
chloride (0-30 c.c.) at 0°. After 20 hours, evaporation of the solvents in a vacuum and working up as 
above yielded an oil, which was dissolved in ether, filtered, and treated with hydrogen chloride. The 
precipitate (0-45 g.) was washed with ether and warm ethyl acetate, and recrystallised from chloroform— 
ether whereupon 5-acetamido-2-phenyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)oxazole hydrochloride 
separated as tablets, m. p. 155° (decomp.) (Found: C, 52-2; H, 4-9; N, 9-9; Cl, 8-8. C,,H,.O,N,CIS 
requires C, 52-7; H, 4-9; N, 10-2; Cl, 865%). With chloroform (25 c.c.) and sodium hydrogen 
carbonate solution the hydrochloride (0-25 g.) gave an oil which was taken up in ether. The solution 
was filtered and evaporated, and the residue, which crystallised on trituration with ether, was recrystal- 
lised from ethyl acetate-light petroleum to give 5-acetamido-2-phenyl-4-(4-carbomethoxy-5 : 5-dimethyl- 
2-thiazolinyl)oxazole as white blades, m. p. 132—133° (Found: C, 58-6; H, 5-3; N, 11-3. C,,H,,0,N,S 
requires C, 58-1; H, 4-9; N, 11-3%). 

5-A cetamido-2-n-amyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl) oxazole.—A solution of the hydro- 
chloride of (I; R = n-C,H,,, R’ = Me) (0-41 g.) in dry chloroform (15 c.c.) was left with acetyl chloride 
(0-20 c.c.) in pyridine (4 c.c.) at 0° for 18 hours. The oil, obtained in the usual way, was treated in 
ethyl acetate (3 c.c.) and ether (6 c.c.) with excess of ethereal hydrogen chloride, and the precipitate 
stirred with ether. The ethereal filtrate was evaporated, and the residue was stirred with fresh ether, 
the final ethereal filtrate being allowed to evaporate spontaneously, whereupon granular crystals, m. p. 
113—114° (decomp.), were deposited. Recrystallised from ether (containing a little chloroform) and 
light petroleum, 5-acetamido-2-n-amyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)oxazole hydrochloride 
separated as colourless prisms, m. p. 118° (decomp.) (Found: C, 50-9; H, 6-65. C,,H,,0,N,CIS requires 
C, 50-5; H, 6-5%). 

5-Acetamido-2-benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)thiazole (1X).—5-Amino-2-benzyl- 
4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)thiazole (1-25 g.) was heated on the steam-bath for 0-75 
hour with acetic anhydride (10 c.c.). Evaporation yielded an oil which soon solidified. Recrystallised 
from ethanol—water, 5-acetamido-2-benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolinyl)thiazole separated 
as white tablets or laths, m. p. 137° (Found: C, 56-6; H, 5-1; N, 10-5. CC, .H,,0O,N,S, requires C, 
56-6; H, 5-2; N, 10-4%). 

Attempted Deacetylation of (VI; R = CH,Ph, R’ = Me).—The acetyl compound (150 mg.) in acetone 
(4 c.c.) was left for 20 hours with 2N-hydrochloric acid (4 c.c.). Acetone was removed under reduced 
pressure, the aqueous residue was extracted with chloroform, and the extract was washed with sodium 
hydrogen carbonate solution and evaporated to yield an oil, which crystallised under ethyl acetate— 
light petroleum. From ethyl acetate—light petroleum the anil (VII) separated as wedge-shaped prisms, 
m. p. 82—83° (Found: C, 56-5; H, 6-35; N, 10-3. C, 9H,,0,N,S,H,O requires C, 56-7; H, 6-4; N 
9-9%). 

Reduction of (VI; R = CH,Ph, R’ = Me).—The compound (3-8 g.) in ether (700 c.c.) was reduced 
with aluminium amalgam (4-0 g.) and water (8-0 c.c.) in ethanol (60 c.c.) during 23 hours. The ethereal 
filtrate and washings were evaporated in a vacuum, and the residual oil treated with ethereal hydrogen 
chloride. The ether was decanted from the gummy precipitate, and the latter dissolved in ethyl 
acetate (50 c.c.). On being scratched, the product (1-8 g.) crystallised. Several crystallisations from 
ethyl acetate yielded 5-acetamido-2-benzyl-4-(4-carbomethoxy-5 : 5-dimethyl-2-thiazolidinyl)oxazole hydro- 
chloride (VIII; R = H,HCl), m. p. 141—143° (decomp.) (Found: C, 52-8; H, 5-8; N, 9-9; Cl, 8-9. 
C,,H,,0,N,CIS requires C, 53-6; H, 5-7; N, 9-9; Cl, 83%). The hydrochloride (150 mg.) was shaken 
with ethyl acetate and sodium hydrogen carbonate solution, and the dried organic layer evaporated to 
a yellow oil, which was left with excess of methyl isocyanate for 29 hours. Evaporation of the mixture, 
and treatment of the residual oil with ether yielded, on spontaneous evaporation, crystalline material 
which was recrystallised from ethyl acetate-light petroleum giving 5-acetamido-2-benzyl-4-(3-methyl- 
carbamyl-4-carbomethoxy-5 : 5-dimethyl-2-thiazolidinyl)oxazole (VIII; R = NHMe:CO) as white needles, 
Hr Py 12-86%). (decomp.) (Found: C, 56-7; H, 5-95; N, 12-8. C,,H,,0;N,S requires C, 56-5; H, 

9; N, 12-6%). - 
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Attempted Deacetylation of the Thiazolidinyl-5-acetamido-oxazole (VIII; R = H).—A solution of the 
hydrochloride (VIII; R = H,HCl) in dry methanol (5 c.c.) was saturated at 0° with hydrogen chloride, 
After 5 minutes the solution was evaporated at room temperature. A portion of the residue showed 
no significant antibacterial activity when tested against Staph. aureus in acetone-phosphate buffer 
solution (pH 7), either before or after treatment with nitrosyl chloride—acetic anhydride—pyridine or 
nitrosyl chloride-acetic anhydride—potassium acetate (fused). The remainder of the residue was shaken 
with ether and sodium hydrogen carbonate solution, the dried ethereal solution was evaporated, and 
the residue was treated with excess of methyl isocyanate overnight. Removal of the excess of iso- 
cyanate and treatment of the residue in warm dry ether with charcoal, followed by evaporation, gave 
N-methyl-N’-(1-carbamyl-2 : 2-dimethoxyethyl)urea (X) which separated from ethyl acetate-light 
petroleum as prismatic needles, m. p. 126° (Found: C, 41-5; H, 7:65. C,H,,0,N, requires C, 41-0; 
H, 7-4%). The aqueous sodium hydrogen carbonate layer gave a blue colour with ferric chloride 
solution, presumably due to penicillamine methyl ester. 

Action of Acetyl Chloride on 5-Amino-2-benzyl-4-(4-carboxy-5 : 5-dimethyl-2-thiazolinyl)oxazole.—The 
acid hydrochloride (as 1; R = CH,Ph, R’ = H) (0-5 g.) was added to a mixture of pyridine (4 C.C.), 
chloroform (10 c.c.), and acetyl chloride (0-3 c.c.). The solvents were evaporated, and the residue was 
treated with ethyl acetate and 2N-hydrochloric acid. The washed and dried ethyl acetate layer gave 
a crystalline residue on evaporation. Recrystallised from ethanol, the diketopiperazine (XI) separated 
as white needles, m. p. 179° (Found: C, 60-3; H, 4-9. C,sH,,O3N,S requires C, 60-9; H, 4-8%). 

Reactions of Thiazolinyl-amino-oxazoles—(a) With isocyanates. The base (II; R = CH,Ph, 
R’ = Me) reacted with excess of methyl isocyanate to give the compound (XII; R = Me) (90%) which 
was washed with ether, and recrystallised from ethanol. It had m. p. 218—219° (Found: C, 59-0; 
H, 4:9; N, 14-6. Cy gH,,O,N,S requires C, 59-3; H, 5-2; N, 146%). In another experiment, the 
product at first had m. p. 178° (decomp.), resolidifying, and remelting at 210°, but it reverted to (XII; 
R = Me) on crystallisation; it may have been the ureido-compound (XIII; R = Me). 

The phenyl compound (XII; R= Ph) was obtained in similar fashion and, on recrystallisation 
from n-butanol, separated as micro-needles, m. p. 258° (decomp.) (Found: C, 64-0; -H, 4-9; N, 12-9, 
C,,4H,,0,N,S requires C, 64-6; H, 5-0; N, 12-6%). 

(b) With carbonyl chloride. The base (Il; R = Ph, R’ = Me) (200 mg.) in toluene (5 c.c.) was 
treated with a solution of carbonyl chloride in toluene (10 c.c.; 12-5% w/v), and the precipitated hydro- 
chloride (I; R = Ph, R’ = Me) collected after 4 hours and rejected. The filtrate was evaporated to 
small bulk and the residue treated with liquid ammonia. After evaporation of ammonia, the residue 
was shaken with chloroform and water, and the dried chloroform solution concentrated under reduced 
pressure to an oil, which with ether changed to a crystalline powder (30 mg.), m. p. 229° (decomp.). 
Recrystallised from chloroform-light petroleum (charcoal), NN’-bis-[2-phenyl-4-(4-carbomethoxy-5 : 5- 
dimethyl-2-thiazolinyl)oxazol-5-yljurea separated as white, hexagonal tablets, m. p. 230° (decomp.) 
(Found: C, 57-8; H, 43. C33;H3,0,N,S, requires C, 57-5; H, 4-7%). 

(c) With phenyl chlorothiolformate. The base (II; R= Ph, R’ = Me) (500 mg.) was left with 
phenyl chlorothiolformate (130 mg.) in ethyl acetate (20 c.c.) for 20 hours at room temperature and 
48 hours at 0°. The solution was decanted from the hydrochloride of (II; R = Ph, R’ = Me), m. p. 
220° (decomp.), and evaporated to an oil which was triturated with several portions of ether. The 
residue gave crystalline material from ethanol—-water, and evaporation of the ethereal solutions yielded 
an oil, which gave more of the solid on being left with fresh ether. From ethanol the compound (XV) 
separated as white plates, m. p. 227—-228° (decomp.) (Found: C, 57-5; H, 4-2; N, 11-8. C,,H,,0,N,$ 
requires C, 57-1; H, 4:2; N, 11-8%). 


Reagents, Antibiotic activity. 
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3-6% w/w Diam. of 
NOClin Pyridine, KOAc, Ac,O, inhibition 
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* As methyl benzylpenicillinate which has ca. one-fortieth of the activity of benzylpenicillin. 


Treatment of the Thiazolidinyl-acetamido-oxazole (VIII; R =H) with Nitrous Acid.—The hydro- 
chloride of (VIII; R = H) (150 mg.) in acetic acid (0-2 c.c.) and ethanol (5 c.c.) was treated with 
sodium nitrite (200 mg.) in water (5 c.c.) and the solution kept at 0° for 18 hours. Solvents were removed 
under reduced pressure, and the residual material shaken with chloroform and water. Evaporation of 
the dry chloroform solution gave a gum which crystallised under ether. From ethyl acetate-light 
petroleum (charcoal), 5-acetamido-2-benzyl-4-(3-nitroso-4-carbomethoxy-5 : 5-dimethyl-2-thiazolidinyl)- 
oxazole SS-dioxide separated as rosettes of rectangular plates, m. p. 147—148° (decomp.) (Found: C, 
51-0; H, 5-15; N, 12-1. C,,H,,0,N,S requires C, 50-7; H, 4:9; N, 12-4%). The compound gave a 
positive Liebermann reaction. 

Attempted Conversion of (VIII; R= H,HCl) into Methyl Benzylpenicillinate——The thiazolidine 
hydrochloride (25 mg. portions) was treated with nitrosyl chloride in acetic anhydride in the presence 
either of dry pyridine or of powdered anhydrous potassium acetate. After any activation treatment, 
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the solution was evaporated to dryness at 0-001—0-1 mm. pressure, and the residue taken up in 5% 
aqueous phosphate buffer (pH 7) and alcohol-free ether. The ether was separated, dried (Na,SO,), 
and concentrated under reduced pressure (without external heating) to 1—2c.c. Benzene (2—3 c.c.) 
was added, the ether was removed under reduced pressure, and the residual benzene solution finally 
lyophilised at 0-01—0-1 mm. pressure. The residue was dissolved in 2:1: l-acetone—water-5% 
aqueous phosphate buffer (pH 7), and the solution (12 mg./c.c.) tested by the plate method using Staph. 
aureus. 

Blank experiments in which either (VIII; R = H,HCl) or nitrosyl chloride was omitted led to no 
inhibition of growth of the test organism. 

Similar experiments with the crude acid, obtained by treatment of the ester (VIII; R = H,HC\) 
with sodium hydroxide, did not yield any antibacterial activity, but since the acidic material failed to 
give (VIII; R = H) when treated with diazomethane this was not significant. 


We thank the Therapeutic Research Corporation of Great Britain Ltd. for assistance, and Sir Ian 
Heilbron, D.S.O., F.R.S., for his interest and encouragement. 
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680. Chemical Actions of Ionising Radiations on Aqueous Solutions. 


Part I. Introductory Remarks and Description of Irradiation Arrange- 
ments. 
By F. T. FARMER, GABRIEL STEIN, and JOSEPH WEIss. 


The development of the theory of the action of ionising radiations on aqueous solutions, 
leading up to the theory of formation of free radicals (Weiss, Nature, 1944, 158, 748), is 
discussed. Apart from the intrinsic interest in the action of the radiations, these investigations 
are of interest because they allow the reactions of free radicals to be studied in the absence of 
interfering reagents and because the products of reaction are somewhat similar to those obtained 
in biological systems in which the same molecules are involved. 

Experimental arrangements for irradiations with (i) X-rays (y-rays), (ii) neutrons, and (iii) 


a-rays, used in the following investigations and the radiation dosimetry, are discussed in 
detail. 


TueE action of ionising radiations has been studied for many years mainly from the points of 
view of the physicist and the biologist. The interest of the former lies in energy-transfer 
processes; gaseous systems and, to some extent, solids were the main subjects of his research, 
while liquids and especially solutions were hardly investigated. Formally the biologist deals 
with aqueous systems, but his real interest lies in the action on highly organised systems—so 
highly organised that their formal similarity with aqueous solutions should not be unduly 
emphasised. It has become clear, however, in recent years that for a fundamental under- 
standing of the biological action of ionising radiations it is necessary to study the underlying 
chemical processes. Consequently the investigation of simple systems in aqueous solutions is 
of prime interest. 

From the accumulated physical, biological, and chemical evidence (cf. Allsopp, Trans. 
Faraday Soc., 1944, 40, 79; Lea, ‘‘ Actions of Radiations on Living Cells,” 1946; Lind, 
“Chemical Actions of Alpha Particles and Electrons,” 1928) two theories of the mode of 
action of ionising radiations emerge: (i) the target theory, and (ii) the theory of indirect 
action. 

The target theory grew out of the biological work, based on investigations of significant 
biological changes (lethal effects, mutations, etc.) in complex systems. It postulates an active 
“hit ” by the incident radiation within a well-defined target area. 

In recent years, however, evidence has become increasingly available that, whilst direct 
“hits? may be responsible for some specific biological effects, many biological and chemical 
actions are caused by indirect effects, in which the solvent medium plays a decisive part. 
Thus, quantitative experiments mainly due to Fricke (cf. J. Chem. Physics, 1938, 6, 229) and 
Dale (cf. Brit. J. Radiol., 1943, 16, 171; 1947, Suppl. 1) have shown that, with ionising 
radiations, not only the quanta absorbed by the substrate itself but also the very much greater 
part absorbed by the bulk of the solvent (i.e., water) react in some indirect way on the dissolved 
substance. 

Risse and Glocker (Z. Physik, 1928, 48, 845; Z. physikal. Chem., 1929, A, 140, 133) were 
the first to show that in the decomposition of hydrogen peroxide by X-rays the amount of 
chemical change is proportional to the total radiation energy absorbed, and nearly independent 


of the concentration of the substrate as well as of the wave-length of the radiation. Fricke, ina 
9z 
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series of investigations (loc. cit.), showed that these results can be interpreted by an indirect 
action involving some intermediate which he termed “ activated water.” Dale (loc. cit.), in 
a series of elegant experiments of a more biological character (in which use was made of the 
deactivation of enzymes), has pointed out the significance of this independence of the 
concentration, which he called “‘ dilution effect.” 

In recent years the interest in the action of ionising radiations has increased. The review 
of the situation by Allsopp (loc. cit.) stimulated an attempt to develop a theory which was 
designed to bring radiation chemistry into line with the general chemical behaviour of aqueous 
solutions (Weiss, Nature, 1944, 158, 748; 1946, 157, 584; Tvans. Faraday Soc., 1947, 48, 314; 
Brit. J. Radiol., 1947, Suppl. 1, 56). 

Although a certain parallelism exists between radiation chemistry and ordinary photo- 
chemistry, there is first of all the important difference that, whilst in photochemistry 
the absorption of the radiation is specifically connected with a particular group or bond, the 
absorption of ionising radiations is practically independent of the chemical bonding and depends 
mainly on the mass of the absorber, absorption occurring throughout its volume. Consequently, 
in dilute solutions most of the radiation energy is absorbed by the solvent medium where the 
greater number of primary changes must take place. 

It is well known that the absorption of ionising radiations generally results in excitation and 
ionisation. When the solvent is water the following electron-transfer processes are likely to be 
of importance : 

H+---OH™- + radiation —> H + OH 
(H,O -++H,O) + radiation —+ (H,Ot- - - H,O-) 
followed by : 
H,0+ => H+ + OH agi eats eb Nak cae eat el 


LD SS a 


All these processes are energetically possible and supported independently by photochemical 
evidence (cf. Weiss, Joc. cit.). One obtains therefore ultimately hydroxy] radicals and hydrogen 
atoms, the initial distribution of which should correspond to that of the positive and negative 
tions respectively (cf. Lea, Brit. J. Radiol., 1947, Suppl. 1; Weiss, loc. cit.). 


In general one may assume that the concentration of the radicals or atoms (OH and H) is 
‘proportional to that of their ionic precursors. 

There is, however, a second feature, which is characteristic of ionising radiations and absent 
in photochemical reactions, namely the fact that the ions (radicals) are actually produced in 
the tracks of the ionising particles as a result of the columnar ionisation. It is for this reason 
mainly that the recombination reaction 


a i 


‘which will depend on the Jocal concentration of the radicals, varies with the nature and wave- 
length of the primary radiation. 

In general, hydroxyl radicals and hydrogen atoms are the reacting species and one would 
therefore expect oxidation and reduction processes to result from the chemical action of ionising 
radiations. This is in agreement with the facts. There exists, however, also the possibility of 
some reactions of the unstable ionic species in the equilibria (2a) and (2d). 

The theory as presented in the papers cited above is capable of giving a qualitative and 
‘quantitative explanation of most of the known experimental facts (cf. Allsopp, Brit. J. Radiol., 
1947, Suppl. 1; Dainton, Nature, 1947, 160, 268). 

It was desirable to furnish further and more direct chemical evidence for the nature of the 
intermediates involved. Preliminary reports of some of these results were published some 
time ago (Stein and Weiss, Nature, 1948, 161, 650; 162, 184). The following papers record 
the detailed results and some further work. 

In addition, the investigation of the action of ionising radiations is of interest because, as 
is shown in the following papers, (i) it allows the study of the action of free radicals on other 
molecules in the absence of interfering reagents, and (ii) we have found that the products of 
reaction are somewhat similar to those obtained in biological reactions in which the same 
molecules are involved. 

Experimental Arrangements for Irradiations.—In some of the present experiments particular 
attention was given to the actual isolation of the irradiation products, so that the evidence 
for our interpretations might be in the most convincing form. This led at once to the need for 
very large doses of radiation compared with those normally required for biological experiments, 
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and consequently to a certain difficulty in technique. In biological irradiations it is easy to 
see that only very small amounts of chemical products can be formed, and it is probable that 
the effects achieved are due either to the extreme sensitivity of the organism to the radiation, 
or to some action of the radiation on the enzyme systems. 

Physical Radiation Dosimetry.—The yield of a compound formed in a solution through 
which radiation is passed depends on the amount of energy absorbed. The latter is customarily 
measured in rontgens. This unit, by definition, relates to the energy absorbed in an air cavity 
in the liquid, surrounded by an air-equivalent wall, and not directly to the energy absorbed in 
the liquid itself. These two amounts of energy are closely related, but it is necessary to 
distinguish between them. 

The absorption of 1 réntgen corresponds to the liberation of 1 e.s.u. of charge per ml. of air, 
which is equivalent to the production of 1°61 x 10 ion-pairs per g. of air. It is known that 
the average energy absorbed in the production of one ion pair in air is approximately 32-5 ev., 
so that 1 réntgen corresponds to the absorption of 52°4 x 10 ev., or about 85 ergs per g. 

It is not known with certainty how much energy is absorbed in the production of one ion 
pair in water, but there are reasons to believe that it is not very different from that in 
air. The absorption coefficients, however, for radiation in 
the two media are different, and the number of ion pairs Fic. 1. 
produced in water by the absorption of 1 réntgen is not, Schematic representation of the irvadi- 
therefore, the same as in air, and depends on the wave- ation arrangement for X-rays. 
length of the radiation used. Expressed as energy absorp- 
tion per réntgen, the value varies from about 83 ergs per g. 
for soft X-rays to about 93 for hard X-rays or y-rays. 

In radiation-chemistry experiments it is clear, therefore, 
that the réntgen is not an ideal unit, and that one expressing 
the total energy absorbed per unit mass of liquid is much 
to be preferred. Gray and Read’s energy unit (Brit. J. 

Radiol., 1940, 13, 371) was introduced for this reason. 

Their unit is defined as the amount of radiation contributing 

the same energy absorption per unit mass of material as 1 r. 

of y-rays gives to an equal mass of water. The two units, 

réntgens and energy units, are numerically equal for hard 

radiations, similar to y-rays, but differ by amounts of up C, ionisation chamber. 

to 10% for softer radiations. We shall denote Gray and 

Read’s unit by E.U.; then, as nearly as is known, 1 E.U. corresponds to an energy absorption 
of 93°1 ergs per g. of water. 

The chemical (ionic) yield due to a given amount of radiation may be calculated if the 
number of molecular conversions per ion pair is known. For a tentative estimate it may be 
supposed that each ion pair results in one molecule of product being formed. It may be seen 
then that the chemical yield from doses of the order of a few hundred réntgens, as used in 
biological experiments, cannot be more than about 10° mole per ml. of solution, an amount 
which does not generally admit the use of ordinary microchemical methods. If yields of the 
order of 0°1 millimole of substance are to be obtained, in a volume of, say, 100 ml., doses of the 
order of 10* réntgens are required. The design of ordinary X-ray equipment does not in 
general lend itself to the giving of doses of this magnitude. 

X-Ray Irradiations.—In order to provide this necessary dosage, a special glass vessel was 
constructed to fit in close proximity to the target of a 200-kv. X-ray tube (Victor Maximar). 
The target was cooled with circulating oil and allowed a continuous heat dissipation of 3 kw., and 
the vessel, placed in the displacement cone, came within about 1 cm. of the tube-wall where 
the dose rate was of the order of 3500 r./min. The general arrangement for irradiations is 
shown in Fig. 1. 

Continuous irradiations up to 10 hours were made to give the necessary doses. In order 
to keep the tube output constant for this interval a special stabiliser was employed (Clayton 
and Farmer, Brit. J. Radiol., 1949, 22, 669). This included an ionisation chamber (C), 
placed in the X-ray beam, the saturation current from which was amplified and caused to 
operate a motor driving a voltage-regulating transformer. The transformer controlled the 
incoming mains voltage to the set. Thus, if the output tended to rise, the ionisation current 
increased and the motor ran in a direction to reduce the incoming voltage, and vice versa; the 
output was thereby maintained constant within, on the average, 2—3% over long periods. 
The schematic arrangement of the stabiliser is shown in Fig. 2. 
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The integral dose in the flask was determined by taking a series of readings of dose at 
different points in the liquid, using a condenser-ionisation chamber of very small air volume 
and large capacity (Farmer, Brit. J. Radiol., 1945, 18, 148). Since the radiation field was 
inhomogeneous, falling off rapidly with distance from the bottom of the flask, iso-dose curves 
were plotted in the contour of the vessel, and from these the effective dose to the solution was 


Fic. 2. 
Diagrammatic representation of the output stabiliser. 
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The ionisation current flowing through R controls the polarised relay P, and thereby actuates the motor M, 
which is coupled to the input-regulating transformer. 


determined by graphical integration (Fig. 3). The value thus obtained for the mean dose 
rate was 3600 r./min. or about 3300 E.U./min. 

Later, some of the reactions employed during the course of the work were found to have a 
useful application in the chemical measurement of radiation dosage (Day and Stein, Nature, 
1949, 164, 671), and use was made of this to check the integral dose in the flask by comparing it 

with effects in a small (l1-ml.) specimen irradiated with a 

Fic. 3. known dose of X-rays. The value obtained by this second 

Radiation field in the reaction vessel. method was 3320 E.U./min., in good agreement with the 
previous value. 

The radiation from the X-ray tube was filtered only by 
the glass wall of the tube and other light materials, and 
therefore had a very broad spectral distribution. The 
equivalent monochromatic wave-length, as determined 
from absorption measurements in copper, was about 0°17 a. 

In addition to those with X-rays, some measurements 
were made with y-rays from radium, using a simple arrange- 
ment of platinum tubes containing in all about 1°2 g. of 
radium. 

Neutron Irvadiations.—A neutron source consisting of 

Iso-dose curves. radium—beryllium was used, irradiations with this being 

carried out at the Londonderry Laboratories for Radio- 

chemistry at Durham. We are greatly indebted to Professor F. A. Paneth for providing this 

facility. The source gave a mixed neutron-yray radiation, consisting of approximately 

1-5 x 10’ neutrons per second and 3°7 x 10'° y-ray quanta per second. These irradiations 

were carried out in the vessel shown in Fig. 4, the source being inserted into the central cavity, 

surrounded by the irradiated solution. The time of the irradiation in this case was of the order 
of two weeks. 

a-Ray Ivvadiations.—The source of a-rays used was radon. For these experiments the 
vessel shown in Fig. 5 was employed. A radon capillary was introduced first, the test solution 
added, and the vessel closed by inserting the ground-in stopper. By turning this latter, the 
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capillary was then crushed, and the radon escaped into the solution. The duration of 

irradiations was again of the order of two weeks, the total dose being determined by the decay of 

radon. The total radon employed was about 10 mc. per experiment. The amount of radon 
Fic. 4. Fic. 5. 


Schematic representation of the vessel used for the Schematic representation of the vessel used for the 
neutron irradiations (scale approx. }). experiments with a-rays (scale approx. 4). 


by 
» 


The Ra-Be source is inserted in the central cavity 
which is surrounded by the solution. 


in the each capillary was estimated previously by y-ray measurement with an ionisation 
chamber and a standard radium tube. 
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681. Chemical Actions of Ionising Radiations on Aqueous Solutions. 
Part II. The Formation of Free Radicals. The Action of X-Rays 
on Benzene and Benzoic Acid. 


By GABRIEL STEIN and JosEPH WEISS. 


The action of X-rays on dilute aqueous solutions of benzene has been investigated 
qualitatively and quantitatively under various conditions. Phenol and diphenyl have been 
isolated from solutions irradiated in the absence of oxygen, and the amount of hydrogen 
evolved has been determined. The reaction has also been studied in the presence of oxygen and 
in hydrogen. From solutions of benzoic acid (irradiated in the absence of oxygen) o- and 
p-hydroxybenzoic acid have been isolated. 

The formation of these products, and the detailed quantitative investigation of the reaction 
(particularly for benzene), have confirmed the theory of indirect action of ionising radiations, 
involving the formation of hydroxyl radicals and hydrogen atoms, and have led to a partial 
elucidation of the reaction mechanism. 


In Part I (preceding paper) we discussed the view that the primary net process in the action 
of ionising radiations on water molecules can be represented (Weiss, Nature, 1944, 158, 748; 
Trans. Faraday Soc., 1947, 48, 314) as: 

BO» +08... . (1) 


The formation of the free hydroxyl radical and the hydrogen atoms takes place presumably 
by way of the intermediate formation of H,O* and H,O- (Lea, Brit. J. Radiol., 1947, Suppl. 
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1, p. 59; Weiss, loc. cit.). It has also been shown that all the known chemical effects of ionising 
radiations in aqueous solutions, can be interpreted on this basis (Weiss, Joc. cit.; Allsopp, 
Brit. J. Radiol., 1947, Suppl. 1) which also permits the description of certain biological effects 
of ionising radiations (Weiss, loc. cit.; Nature, 1946, 157, 584). 

Recently, Dainton (Nature, 1947, 160, 268) found that acrylonitrile in dilute aqueous 
solution polymerised on irradiation with X-rays and y-rays and attributed this to the action of 
primarily-formed hydroxyl radicals [according to reaction (1)], in view of the fact that these 
radicals are known to initiate polymerisations (Baxendale, Evans, and Park, Trans. Faraday 
Soc., 1946, 42, 668, 675). 

We have now attempted to demonstrate the mode of action of ionising radiations, and the 
intermediate formation of hydroxyl radicals in aqueous solutions, by investigating the products 
formed on irradiating some simple organic substances, such as benzene and benzoic acid, in 
dilute aqueous systems in the absence of oxygen. 

If hydroxy] radicals are first formed, it should be possible to obtain some of the corresponding 
substances containing hydroxyl groups, i.e., in these cases, phenols. Hydroxyl radicals are 
known to be formed by purely chemical means such as by Fenton’s reagent, i.e., in the 
decomposition of hydrogen peroxide by ferrous salts which is now known to occur by way of 
hydroxyl] radicals (Haber and Weiss, Proc. Roy. Soc., 1934, A, 147, 332) and to be capable of 
hydroxylating benzene at room temperature, with great ease, to phenol and polyphenols 
(Cross, Bevan, and Heiberg, Ber., 1900, 38, 2015). In order to obtain definite evidence of the 
formation of phenol and phenolic compounds by the irradiation with ionising radiations we 
decided to isolate and characterise them by unambiguous methods. The doses of radiation 
employed had thus to be large enough to yield the products in amounts that could be isolated, 
but not so large as to convert any considerable fraction of the benzene present, since in the 
latter case the phenol (if produced) would itself presumably be further attacked and the 
qualitative and quantitative results would be obscured by the formation of secondary products. 
If the irradiation of dilute aqueous solutions of benzene, in the absence of oxygen, should result 
in the formation of, ¢.g., phenol, it would show definitely that a hydroxyl group had 
been introduced into the molecule; and, moreover, this hydroxyl group could have its origin 
only in the solvent water. 

The Action of X-Rays on Benzene in Aqueous Solutions.—The irradiations were carried out as 
described in PartI. The method of degassing the solutions before irradiation, and the analytical 
methods, are given in the Experimental section. In the qualitative experiments, saturated 
solutions of benzene in water were employed. 100 M1. of solution, irradiated in a vacuum with a 
dose of the order of 10® r. (total energy absorption of the order of 10® g.-r.) yielded (i) hydrogen 
(determined by diffusion through a palladium tube; see Experimental section), (ii) phenol, isolated 
as tribromophenol which was identified by a mixed melting point, (iii) diphenyl, isolated and 
identified by a mixed melting point and its specific colour reaction (Mulliken, “ Identification of 
Pure Organic Compounds,” 1904), and (iv) traces of terphenyl. The presence of the last two 
compounds was also supported by a re-investigation of the action of Fenton’s reagent on 
benzene (Loebl, Stein, and Weiss, unpublished), in which diphenyl and terphenyl were isolated 
in addition to phenol and polyphenols. The fact that in our qualitative X-ray experiments no 
polyphenols were formed in considerable quantities was shown by specific colour reactions. 

The formation of these products and of diphenyl in particular indicates the operation of a 
free-radical mechanism involving the intermediate formation of hydrogen atoms and hydroxyl 
radicals. However, to substantiate this and, if possible, to obtain some information regarding 
the actual course of the reaction a quantitative investigation was necessary. The relative 
proportions of the various products were determined and the reaction (i) in the presence and 
in the absence of air (oxygen) and (ii) in an atmosphere of hydrogen, has been investigated. 

Since the presence of the main reaction products had been firmly established by their actual 
isolation, much smaller doses could be used in the subsequent quantitative experiments— 
sufficient to give enough phenol for colorimetric determination. 

Hydrogen was determined, by the method described below, with an accuracy of about +1% 
at yields of the order of 10+ mol. and about +5% at yields of the order of 10° mol. The 
yields are expressed in hydrogen equivalents (= $H,). Phenol was determined colorimetrically, 
using the Folin-Ciocaltau reagent, at concentrations of the order of 10*—10- mol./100 ml. 
with an accuracy of +3%. For the estimation of diphenyl in the presence of a relatively large 
excess of benzene we found no reliable method. Spectrophotometry (Steyn and Rossellet, 
Analyst, 1949, 74, 89) cannot be used under these conditions. The only other method, based on 
the colorimetric method of Mulliken (loc. cit.) adapted by Tomkins and Isherwood (Analyst, 1945, 
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10, 330), was found to be qualitative only. Thus we had to restrict the estimation of diphenyl 
to the weighing of the neutral fraction which is called hereafter ‘‘ diphenyl.’”’ Reproducible 
results were obtained with quantities of the order of 0:1 millimole, but the product so obtained 
is not pure diphenyl, Another useful methad was the observation of the minimum dose at 
which, under different conditions, a turbidity, caused by the formation of dipheny], first became 
visible in the solution. 


The X-ray dosage was given in all these experiments at the rate of 3500 r./min. +3300 
E.U./min. (see Part I, p. 3241). 

Quantitative results. In a solution initially in a vacuum, the products accumulate slowly 
as irradiation proceeds. At very large doses, such as those we employed for the qualitative 
experiments, a certain pressure of hydrogen is built up and the reaction 

H, +OH—>HO+H ... 5.2.2 ews 


takes place to some extent. This reaction very likely removes some of the available hydroxyl 


radicals and results in the decreased yield of phenol which we observed at higher doses. How- 


Fie. 1. 
Irradiations of saturated solutions of benzene in 
water (100 ml.) in a vacuum. 
Fic. 2. 


Irvadiations of saturated solutions of benzene 
in water (100 ml.) in a vacuum. 
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Yields of phenol (CO) and of hydrogen equivalents 
(@) plotted against times of irradiation at 
a constant dose-rate of approx. 3500 r./min. 


ever at the low doses at which the results shown in Fig. 1 were obtained this effect can be 
neglected. This figure gives the yield of phenol and of hydrogen (= }$H,) plotted against 
total dose, the same dose-rate of irradiation being always employed. Both yield—dose curves 
are linear; the yield of phenol, calculated in terms of an assumed formation of 1 ion pair or 
one pair of radicals (H, OH) for every 32°5 ev. absorbed (see Part I) is 
number of molecules of phenol formed _ M _ 0-15 
number of ion (radical) pairs produced WN E 
The ratio $H, : phenol ~ 2°45. 

Fig. 2 shows the influence of pH on the yield of phenol and hydrogen in a vacuum at a fixed 
time of irradiation of 9@ minutes. The yield.of phenol is almost independent of variations in 
pH within a wide pH range, but rises slightly at very high pH values. The amount. of hydrogen 
is however dependent on the pH, there being a pronounced minimum in the neighbourhood of 
pH ~7. 

The results shown in both figures were obtained with a saturated solution of benzene in 
water. ‘Since evacuation was involved in the procedure, it was impossible in this case to 
investigate the effect of varying concentrations of benzene. This has, however, been done 
when working in the presence of air. Fig. 3 shows the yield.of phenol plotted against dose. A 
high rate of production is obtained initially, the M/N value being 0°75 (five times that in a 
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vacuum). This straight line breaks very sharply after about 20-minutes’ irradiation 
(7 x 10 r.), and a straight portion follows, having a slope much lower than that of the initial 
portion and somewhat higher than that obtained in a vacuum. This second portion remains 
constant up to the highest doses investigated. These results can be interpreted as caused by 
exhaustion of the dissolved oxygen initially present and indicate that the oxygen in the solution 
is only relatively slowly replaced by the oxygen of the air. 


Fie. 3. 
Irradiationsof saturated solutions of benzene in water (100 ml.) in the presence of air. 
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The initial higher yields are presumably the result of reactions with molecular oxygen. 
The break in the curve will occur, in general, when the oxygen has been used up to the point 
where it is just being replenished by diffusion from the air. In general, this point will therefore 
not be a definite one but will depend on external conditions such as temperature, etc. The 
same conditions can, of course, influence the slope of the second portion. These results, 
including the somewhat remarkable sharpness of the break, have been substantiated in 
experiments by Day and Stein (Nature, 1949, 164, 671) using a different experimental procedure. 
The initial slope is apparently the same even under somewhat different experimental conditions. 


Fic. 4. Fie. 5, 
Irvadiations of saturated aqueous solutions of Influence of the concentration of benzene (in water) 
benzene (100 ml.) in the presence of air. on the yield of phenol at a constant total dose 
of approx.1 x 104». 


~ 
S 


i ipa 


. 


> 
OS 


r 


s s s 


a a 








Millimoles of phenol x 10? 
wn 





Millimoles of phenol x 102 
> 


Ss 





Influence of the pH on the yield of phenol for 
@ constant time of irradiation (= 5 min., 
corresponding to a constant dose of approx. 
1-75 x 10*¢.). 


aS 75 
Saturation of benzene, %. 


Ss 


The effect of pH on the production of phenol in air is shown in Fig. 4. Again, the yield is 
independent of the pH within wide limits, rising slightly at both ends of the pH scale. 

Fig. 5 shows the dependence of yield of phenol on the concentration of benzene. The 
various concentrations were obtained by suitable dilution of the saturated solution and are 
given in terms of percentage saturation.. A saturated solution of benzene in water contains 
approximately 0°15% of benzene. In view of this low solubility, a very low dose of radiation 
had to be employed to avoid local exhaustion of the acceptor at high dilutions. The results 
shown by the curve were obtained at a constant time of irradiation of 3 min. (approx. 10,000 r.). 
The highest dilution used was 100 times the original. It will be seen that at 10-fold dilution 
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the yield drops by only 20%. The curve is of the theoretical shape discussed by Weiss (loc. 
cit.) and supports further the suggested indirect mode of action of the radiation. 

The shape is, in general, caused by contpetition between the recombination of the radicals 
according to the reaction 


ke 
H + OH—> H,O 
and the reaction of one of the radicals with an acceptor X, ¢.g., 


k. 
X + OH —> reaction products 


It has been shown previously (Weiss, loc. cit.) that for the stationary state [d(OH)/d¢ = 0} 
this leads to the following expression for the (differential) yield : 


_ _ K(X) /(Hh 
¥"“ T+ ALX/Hh 


where K = k,/k, and k, and k, are the rate constants of the two reactions (see above) and 
[H]; and [X] represent the local concentrations of the active radical and acceptor, respectively, 
in the tracks of the fast particles. 

As stated above the diphenyl could be determined only at relatively high doses because of 
the very imperfect method of analysis. The table below gives the results obtained under 
various conditions. 


Irradiation of saturated solutions of benzene in water. 
Yield, in millimoles per 10® g.-r. 
Hydrogen 
Conditions. Phenol. (equivs.). ** Diphenyl.”’ 
0-0372 0-114 0-11 
0-0376 0-112 0-12 
0-081 eee 0-08 
0-081 ooo 0-08 
sean 0-082 occ 0-09 
Hydrogen . ‘ oeve 0-031 oes 0-16 
- ébédceddbenseqesee oes 0-031 soe 0-18 


DISCUSSION. 


The qualitative results, showing the formation of phenol, diphenyl, and hydrogen, already 
make it very likely that one is dealing here with a free-radical mechanism, which involves, as 
one of its intermediate steps, the formation of phenyl radicals. The fact that in an atmosphere 
of hydrogen the yield of phenol decreases (see table) lends support to the view that reaction (2), 
which is well known for the gaseous phase, takes place. 

The quantitative results are best explained by assuming that the primary reaction (1), 
resulting in the formation of hydroxyl radicals and hydrogen atoms, is followed, in the case of 
the hydroxyl radicals, by an attack on a benzene molecule. This might take place in two 


possible ways : 
O eT eee 
Orta 
en oe eo 


Reaction (3a) would be exothermic by 16 kcals., reaction ms by 3 kcals. On this ground alone 
(8a) could be favoured. Rice and Teller (J. Chem. Physics, 1938, 6, 489) consider reactions 
of type (3a) to be the most favoured generally in free-radical mechanisms. The assumption 
that reaction (3a) takes place to a large extent, and reaction (3b) to a very small extent if at all, 
is further supported by the quantitative results. Should reaction (3b) have taken place with 
ease, resulting in formation of phenol in the first step of the reaction, the relative ionic yield of 
phenol in a vacuum would not have been as low as 0°15, and the presence of oxygen should not 
have resulted in a five-fold increase in the yield of phenol. Further, the eventual formation of 
dipheny] in relatively large quantities in a vacuum, and its very much lower rate of formation 
in the presence of oxygen (as indicated, for instance, by observing the onset of turbidity in the 
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initial stages of irradiation), are best explained in terms of intermediate formation of free 
phenyl radicals. 


The hydrogen atoms formed initially may undergo similar reactions. A reaction of type 
(3b) would in this case not influence the ultimate yields. The reaction of type (3a), viz., 


Hy /H ; 
(Yee nO pnays wecceugy 


is, in the case of hydrogen atoms, approximately thermoneutral. Roberts and Skinner 
(Trans. Faraday Soc., 1949, 45, 339) give a value of 102 kcals. for fission of the C,H,;—H bond, 
which would make reaction (4) slightly endothermic. It is-not impossible that in this case the 
transitionary addition complex C,H, will be rather stable and undergo reactions leading to 
the partial hydrogenation of the benzene ring, by disproportionation, e.g., 

sC.H, —> CH,+CH. - - ant te ok hae 


or by its encounter with a hydrogen atom. In any case the ceatatis of ioe radicals by 
reaction (4) seems less favoured than reaction (3a). We have, however, so far not investigated 
the extent of hydrogenation of the benzene nucleus. 


The phenyl radicals formed can react with hydroxyl radicals, yielding phenol 
C,H; + OH —> C,H,-OH . 
or with hydrogen atoms, re-forming benzene 
CH,+H —> CH, 
or with other phenyl radicals, giving diphenyl 
2C,H, —> C,H,°C,H, 


Perhaps more likely is the reaction with a benzene molecule: here again two reactions, 
of the type (3a) and (3b), are possible, viz. : 


+O — Se 
C,H, /H 


0°09 tor cae 


In this case, however, reaction (9a) is thermoneutral, whilst reaction (9b) is exothermic, according 
to Szwarc (Nature, 1948, 161, 890) who gives a value of 110 kcals. formation of the central 
C-C bond in diphenyl, which would make reaction (9b) exothermic by about 8 kcals. Roberts 
and Skinner however (/oc. cit.) give a lower value of 102°4 kcals. for this C-C bond, which would 
make this reaction nearly thermoneutral. 


Similarly the formation of terphenyl could take place by an attack on diphenyl by a phenyl 


radical 


or by an attack of OH or H on diphenyl, followed by 


<><>-+< > —> <>< ><» Se 


Altogether it seems that the formation of phenol in a vacuum in an ionic yield of 0°15, 
accompanied by diphenyl in a yield of approx. 0°4 and an ionic yield of hydrogen of 0°45, is 
best approximated by assuming reaction (3a) to be the main reaction leading to pheny] radical 
formation, followed by reactions (6), (7), (8), and (9b). This reaction mechanism would suggest 
the formation of more hydrogen than has actually been found, pointing to the possibility of 
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hydrogenation of the benzene. The investigations of the reactions of hydrogen atoms with 
benzene in the gas phase (cf. Steacie, “‘ Atomic and Free Radical Reactions,”’ 1946) indicate 
that such hydrogenation reactions do take place. 

Our mechanism is further supported by the fact that in the presence of oxygen (air), the 
yield of phenol increases by the unexpectedly high factor of five. -This indicates that the 
low yield of phenol in a vacuum is caused by the fact that its formation is not the first step of 
the reaction. In a vacuum the concentration of hydroxyl radicals which are necessary for the 
formation of phenol in reaction (6) is low, since reaction (3a) which must precede this consumes 
hydroxyl radicals. In air, however, the reaction 


re a ae ae 
will remove hydrogen atoms which could react by (7) as well as by the recombination reaction 
H+OR =» HO... ..: (12) 


and, since both reactions (7) and (12) would reduce the yield of phenol, the occurrence of (11) 
will enhance the formation of this compound. Moreover the HO, radical formed in (11) is 
presumably also capable of reacting thus : 


Cills 4+ 10p => CMFOOE. 2 ces es . . 


which can result eventually in formation of phenol. In the presence of oxygen (air), there is 
the possibility also of the reaction 

GaGa OOO . wt te tle OF 
which can also lead to the eventual formation of phenol. 

The energy of the H-O,H bond is often assumed to be about 94 kcals. If this is so, it would 
be unlikely that the HO, radical will be‘capable of dehydrogenating benzene to phenyl. Much 
too little is known, however, of the reactions of HO, to make a definite statement possible. 

The results obtained when the reaction vessel was filled with hydrogen are in agreement 
with the above; the yield of phenol is reduced, a fact which could result from the operation of 
reaction (2) and would point to the correctness of the assumption of a free-radical mechanism. 
The demonstration that the yield of phenol, both in a vacuum and in the presence of oxygen 
(air), is independent of variations in the pH supports the same view and makes it likely that, 
at least in this particular reaction, a free-radical mechanism predominates. 

The slight influence of pH on the yield of phenol at extreme values of pH, as well as the 
rather marked dependence of hydrogen evolution on pH, may well be caused by intervention 
of some ionic species. On the basis of our benzene experiments alone not much can be said 
about this point but we shall return to it later in the discussion of some other reactions. 

It will be seen that our results do not give a conclusive answer concerning all the single 
steps in the reaction mechanism, but the general view that we are dealing in this case with a 
free-radical mechanism is well supported. 

The development of a suitable technique for the quantitative micro-determination of diphenyl, 
and a further investigation which would show also the extent of partial hydrogenation of benzene, 
might be helpful in the further elucidation of the mechanism. 

The Hydroxylation of Some Monosubstituted Benzene Derivatives.—The results obtained with 
benzene support the view that the action of ionising radiations on aqueous solutions involves 
the intermediate formation of hydroxyl radicals. From the chemical point of view one has 
here a means of producing these radicals in a way which in some respects is advantageous. 
Thus the quantitative relationships in the reactions of hydroxyl radicals, produced by the 
catalytic decomposition of hydrogen peroxide in the presence of organic acceptors, were 
extremely difficult to ascertain. In our experiments, on the other hand, the hydroxy] radicals 
are formed without the introduction of an external reagent throughout the reaction system 
according to a definite pattern, and the primary products can be separated with comparative 
ease. The reactions of monosubstituted benzene derivatives and of higher aromatic hydro- 
carbons seemed of particular interest. The qualitative and quantitative isolation of the 
various reaction products might in such cases give additional information on the interesting 
question concerning the mode of substitution of the aromatic ring—in particular, in this case, 
about the presence or absence of the directing influence of the substituents. 

The general problems of these substitution reactions have been reviewed by Ingold (Chem. 
Reviews, 1934, 15, 225). Predictions about the way in which free radicals would react in such 
cases were made on the basis of the theory of resonance by Wheland (J. Amer. Chem. Soc., 
1942, 64, 900). 
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Benzoic acidin aqueous solution. Qualitative experiments with benzoic acid, described in detail 
in the Experimental section, resulted in the isolation and identification of p-hydroxybenzoic acid 
and salicylic acid. The formation of m-hydroxybenzoic acid has not been completely excluded, 
but it is unlikely that this acid forms a considerable part of the yield. Small quantities of 
phenol and diphenyl are-formed, presumably by decarboxylation. A very rough estimate of the 
relative proportions of para- to ortho-substituted acid gave a value of 2°5. Quantitative 
experiments on this point*are in progress. Other monosubstituted benzene derivatives (nitro- 
benzene, phenol) have also been investigated qualitatively and quantitatively; the results will 
be published separately. 

EXPERIMENTAL. 

The irradiation vessels and the conditions of irradiation are described in the preceding paper. 

Experiments in a Vacuum.—Previous workers have shown that the utmost care has to be exercised 
in ensuring the total absence of oxygen. Solutions after introduction into the vessel V (Fig. 6) were 
first evacuated, through a calcium chloride absorption tower and a liquid-air trap, using a Hyvac oil- 
pump, and purified nitrogen was then admitted to atmospheric pressure. [Nitrogen from a cylinder 
was passed through a solution of 10% sodium dithionite (hydrosulphite) in 10% NaOH sodium 


Fic. 6. 
Diagrammatic representation of the apparatus for the determination of hydrogen. 


T, 















































hydroxide solution containing 1 % of sodium anthraquinone-2-sulphonate, then through a calcium chloride 
and a soda-lime scrubber, and finally through a tube containing copper gauze at approx. 380°. It was 
frequently tested for absence of oxygen by a Kautsky-gel (Kautsky and Hirsch, Z. anorg. Chem., 1935, 
222, 126). The partial pressure of oxygen was always below 10°? mm.] After being filled with this 
nitrogen, the reaction vessel was evacuated again, and the admission of nitrogen and evacuation were 
repeated 3 times. At first we carried out our experiments in an atmosphere of nitrogen. This did not 
influence the yield of phenol, but resulted in consistently low values for hydrogen. This may be due 
to a reaction during the process of analysis (see below), the palladium tube acting as a catalyst. There- 
after the solution was evacuated at the oil-pump, and irradiations carried out in a vacuum. 

The irradiated solution always had a volume of 100 ml. The loss of water during evacuation was 
of the order of 0-5 ml. No allowance was made for this. All connections were through standard 
ground joints. 

Determination of Hydvrogen.—Fig. 6 shows the apparatus employed in the gas analysis. It was 
designed mainly with the view of determining accurately the amount of hydrogen formed, but can be 
adapted easily for a total gas analysis. The irradiation vessel is shown at V. For the determination of 
hydrogen a heated palladium tube is used which permits the diffusion of hydrogen. This method has 
been employed previously with good results by Fleiger (Ind. Eng. Chem., Anal., 1938, 10, 545). The 
liquid-air trap at B between the irradiation vessel and the palladium tube prevents access of water 
vapour and other condensable substances to the latter. (The access of any gases not condensed by 
liquid air has not been prevented.) After irradiation the vessel is attached to the apparatus as shown, 
and with both taps at T, closed, but that at the bottom of C open, and the system is evacuated by way 
of T, which leads to the Hyvac pump. During this time the palladium tube in C is slowly heated. 
Evacuation being completed, T, is closed and the last traces of gas are pushed into the gas-burette at E, 
using the automatic Toepler mercury pump D which is actuated by means ofa water pump and a compressor 
connected through the three-way tap. All taps are then closed including the one at the bottom of C, 
and the tap between V and B opened momentarily to allow the passage of the gas. This is repeated at 
intervals. After 10 minutes the accumulated gas in the Toepler pump is passed into the gas-burette 
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and the process repeated. With our arrangement, the pressure was decreased to one-fifth of its original 
value on each occasion. The process was repeated 5 or more times according to the amount of gas 
formed, until less than 0-01 ml. of gas diffused through during the last 10—15 minutes. The gas burette 
could be read easily to 0-01 ml. The accuracy of the analysis depended accordingly on the total amount 
of hydrogen formed, and was about +1% for 0-1 milliequivalent of hydrogen. The usual corrections 
for pressure and temperature were made. To avoid errors due to dead space at the top of the burette, 
some of the gas from the previous experiment was always retained, and readings were taken, not from 
zero, but from this small positive value. Calibration was carried out using hydrogen generated in a 
special vessel (similar to the irradiation vessel) from a weighed amount of pure zinc and sulphuric acid. 
This specially constructed irradiation vessel, identical in all other respects with the one shown in Fig. 6, 
carried a small removable glass boat attached to a hooked ground-in stopper. The boat was charged 
with the weighed amounts of pure zinc, the vessel evacuated and then attached to the apparatus, the 
zinc dropped into the acid, and the amount of hydrogen formed determined. At a total volume of the 
order of 2 ml., five determinations gave values of 95, 97, 97, 95, and 98% of the theoretical. 

Analysis and Isolation of Reaction Products from the Irradiated Solutions.—Benzene was thiophen- 
free, cryst. (Macfarlane), redistilled, and kept over sodium. It was added to twice-distilled water which 
was shaken until saturated. The solubility of benzene in water is approx. 0-15% at room temperature. 
100 Ml. of this saturated solution were used for all experiments except those where the influence of 
dilution was studied. 

In experiments carried out in a vacuum, 1 ml. of the pure benzene was added to make up for loss 
during evacuation. 

Evacuation, irradiation, and determination of hydrogen having been carried out as described above, 
the presence of phenolic substances was shown by colour reactions, with Folin’s reagent and with 
diazotised sulphanilic acid or p-nitroaniline. The colours so obtained were identical with those given by 
solutions of — phenol. Specific tests for the three isomeric dihydroxybenzenes gave negative results. 
Pyrocatechol was tested for by an attempted precipitation by lead acetate in buffered solution, resorcinol 
by the ammoniacal cobalt reagent, and quino] by the following procedure. It was found that quinol 
alone of the four possible phenolic compounds gave a blue colour with Folin’s reagent at pH ~3. This 
test gave sensitive results with synthetic mixtures. All these tests were negative when applied to the 
irradiated solutions. 

The irradiated solution was then acidified with dilute sulphuric acid and extracted continuously 
with ether, and the extract was shaken in turn with solutions of sodium hydrogen carbonate, sodium 
carbonate, and sodium hydroxide. The first two of these did not yield any products. The sodium 
hydroxide extract was run immediately into excess of acid and treated with bromine water; the 
precipitate, treated according to Mulliken (loc. cit.), had m. p. 93°, not depressed by admixture with 
authentic 2: 4 : 6-tribromophenol. 

The original ethereal extract, after treatment with the alkaline solutions and washing with water, 
was dried (Na,SO,) and evaporated. The waxy residue sublimed, leaving very little residue. The 
sublimate melted at 64°, not depressed by admixture with an authentic sample of diphenyl, and gave 
the specific color reaction of diphenyl] (Mulliken, Joc. cit.). The residue from the sublimation melted at 
198°, but there was insufficient to enable the material to be identified definitely as terphenyl (m. p. 205°) ; 
amounts of terpheny] sufficient for identification accompanied the formation of phenol and diphenyl in 
the re-investigation of the action of Fenton’s reagent on benzene (Loebl, Stein, and Weiss, unpublished). 

Quantitative Determination of Phenol.—Phenol was determined colorimetrically by the Folin— 
Ciocaltau reagent (Snell, ‘‘ Colorimetric Methods of Analysis,”” Vol. 2, 1937). A suitable aliquot of the 
irradiated solution in a 100-ml. graduated flask was diluted to approx. 50 ml. and neutralised. 2 Ml. of 
reagent solution and 10 mi. of 18% sodium carbonate solution (“‘AnalaR’’) were added, and the 
whole diluted after 15 minutes. The extinction was measured with a Spekker colorimeter and an 
Ilford No. 607 filter. ‘‘ Absolute ’’ phenol was used as the standard for calibration. Determinations 
and standardisation were reproducible within +3%. 

Solutions of definite acid pH values were made up containing either sulphuric or phosphoric acid. 
No specific influence was observed in experiments at the same pH with the two different anions. 
Intermediate values were maintained with phosphate buffers, alkaline values with sodium hydroxide. 

Qualitative Analysis of Irradiated Benzoic Acid Solutions.—A saturated solution of benzoic acid 
(“ AnalaR ’’) in water (0-25%) was used. After the determination of hydrogen, the irradiated solution 
(dose given approx. 108 g.-r.) was further acidified with dilute sulphuric acid and extracted continuously 
with ether for 12 hours. The ethereal extract was shaken in turn with solutions of sodium hydrogen 
carbonate, sodium carbonate, and sodium hydroxide, all three solutions being run into excess of acid 
immediately. Nothing was isolated from the sodium carbonate solution. The sodium hydroxide 
solution gave a Folin reaction, suggesting the formation of some phenol. The acidified hydrogen 
carbonate solution was extracted with ether, the extract washed, dried (Na,SO,), and evaporated, and 
the residue treated with chloroform. This residue melted at 207—208°, not depressed by admixture 
with authentic p-hydroxybenzoic acid. 

The chloroform extract gave positive colour tests with reagents specific for salicylic acid (ferric 
chloride, Jorissen’s reagent). Attempted isolation by bromination did not yield a pure product. The 
chloroform extract was evaporated, the residue dissolved in alkali and coupled with diazotised p-nitro- 
aniline, and the solution neutralised and precipitated with 5% aqueous aluminium chloride. The 
precipitate (alizarin-yellow R) was filtered off, washed, redissolved in alkali, and acidified. The m. p. of 
the precipitate (recrystallised from alcohol) was 234°, not depressed by admixture with a sample 
obtained from salicylic acid by the same procedure. The dry substance is explosive. 

The original ethereal extract of the irradiated solution, after treatment with the alkaline solutions, 
was washed, dried, and evaporated. The residue contained some diphenyl, identified by its colour 
reaction (see above). 

No attempt has been made to isolate any diphenyldicarboxylic acids, which might have been formed 
in the reaction. 
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A very rough estimate of the relative proportions of para- to ortho-substitution was made by weighing 
the precipitates obtained finally in the qualitative separation described. This gave a p:o ratio 
of ~2-5. 


The irradiations were carried out in the Radium Department of the Royal Victoria Infirmary, 
Newcastle-on-Tyne. We are indebted to Mr. J. Thurgar, Dr. F. T. Farmer, and Mr. M. J. Day for their 
co-operation. Our work was supported by grants from the Northern Council of the British Empire 
Cancer Campaign to whom our grateful thanks are due. 


Kine’s CoLLeGEe, UNIVERSITY OF DURHAM, 
NEWCASTLE-ON-TYNE, 1. [Received, August 3rd, 1949.] 





682. Chemical Actions of Ionising Radiations on Aqueous Solutions. 
Part III. The Action of Neutrons and of «-Particles on Benzene. 


By GABRIEL STEIN and JosEPH WEISS. 


The action of neutrons and of a-rays on dilute aqueous solutions of benzene has 
been investigated. In addition to the products (phenol, diphenyl) obtained by irradiation with 
X-rays, polyphenols and, in particular, an aliphatic dialdehyde, resulting from the opening of 
the benzene ring, have been isolated. The formation of these products in the case of the 
densely ionising radiations appears to be the result of multiple interactions on the same 
molecule, caused by the high local concentration of the radicals. A sensitive colour reaction of 
the dialdehyde can be used to indicate the action of these densely ionising radiations. 


Ir is well known that the total ionisation produced by ionising radiations in a solution 
is only partly caused by primary interaction of the radiation with molecules. When this 
interaction results in an ionisation, the electrons ejected from the molecule often possess a 
considerable amount of energy and are then capable of ionising other molecules; in fact the 
larger part of the total ionisation is the result of the action of these secondary electrons. 

With neutrons, the primary ionisation is the result of the action of the recoil protons formed 
by interaction of neutrons with water molecules. Recoil protons and a-rays are charged 
particles possessing masses much greater than that of the electron and they produce a much 
denser ionisation in their tracks in the solution than do hard X- or y-rays (cf. Livingston and 
Bethe, Review Mod. Physics, 1937, 9, 245; see also the table below). 

As the ions are the natural precursors of the radicals one must expect in these cases also a 
much higher local concentration of radicals in the tracks of the ionising particles (cf. Weiss, 
Trans. Faraday Soc., 1947, 48, 314; Dale, Gray, and Meredith, Phil. Trans., 1949, 242, 33). 


Approximate ion densities for different radiations 
{From L. H. Gray and J. Read, Brit. J. Radiol., 1942, 15, 72.] 


Average number of ion-pairs 
Radiation. per micron track. 


Recoil protons (from 2-7-m.-ev. neutrons) 
a-Particles 


In aqueous solutions ionisation leads to the eventual formation of free hydroxyl radicals 
and hydrogen atoms (cf. Part I, this vol., p. 3241) thus: 


RE aa aOR ek 
Thus, with densely-ionising radiations, the distance between like radicals is presumably of the 
same order as that between unlike radicals (H and OH). Consequently the likelihood of 
reactions of the type 

H + H—>H, . etek «tebe Mes (2) 
C+ O—pEO4O,90—O,. . .. . . + s 


is greatly increased, whilst with hard X-rays and y-rays, the ordinary recombination reaction 


H + OH—>H,0 


generally predominates (Weiss, Nature, 1944, 153, 748; Brit. J. Radiol., 1947, Suppl., 1). 
Accordingly, whilst there is very little net decomposition when X-rays and y-rays act on 
pure water freed from all dissolved substances, there is considerable decomposition on irradiation 


(4) 
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by densely-ionising radiations, and pure water, even if originally free from oxygen, will soon 
contain self-produced oxygen, according to reaction (3), and peroxide formation can result 
(Bonét-Maury, Compt. rend., 1948, 226, 1363, 1445; Nature, 1948, 162, 381). 

In the presence of an acceptor dissolved in the water, there is also, with neutrons or a-rays, 
an increased probability (compared with X-rays or y-rays) of multiple action by the radicals 
on one and the same acceptor molecule. 

It is known that there is also a considerable difference in the biological efficiency of these 
two types of radiation (cf. Gray and Read, Brit. J]. Radiol., 1942—44; 1948, 21,5; Tansley, 
Gray, and Spear, ibid., 1948, 21, 567). However, up to the present, no more or less specific 
chemical reaction has been found which is given by one, but not by the other, type of radiation. 

During the investigation of the action of a mixed neutron-gamma-ray source from radium— 
beryllium (described in detail in Part I, loc. cit.), it was noted that aqueous solutions of benzene, 
when irradiated from this source, gave a colour reaction with sulphanilic acid in slightly acid 
solution. 

This colour reaction was traced to the presence of a small quantity of an aldehyde which 
could be precipitated as dinitrophenylhydrazone and is presumably an aliphatic dialdehyde 
(or a mixture of dialdehydes) with six carbon atoms. 

At the same time quinol and pyrocatechol, in addition to phenol, were shown to be present 
in the solution. Similar solutions when irradiated with X-rays, with approximately the same 
total energy absorption but under otherwise similar conditions, showed no aldehyde formation. 

Apparently this reaction was due to the action of the recoil protons from the neutrons 
present in the radium-beryllium source. In general, the phenol formed from the benzene 
under the influence of the radiation must become an acceptor, and when accumulated in 
sufficient quantities will be attacked further, yielding polyphenols. If pyrocatechol is formed 
thus, a further attack on this may well result in the opening of the benzene ring according to 
the scheme : 


OH 


JS ~ ma 
\ \ \ 

© wnt U ant OF + j 
Vj V4 V4 Ve 


CHO CHO CHO 
/ CHO y/ CHO y,’ CHO 


ae 
Hy 


It is of some interest that the metabolism of benzene in the organism is somewhat similar, as 
it yields, not only phenol and polyphenols (see, e.g., Baernstein, J. Biol. Chem., 1945, 161, 
685), but also muconic acid (see, e.g., Bernhard and Gressly, Helv. Chim. Acta, 1941, 24, 83). 
Whilst therefore the formation of aldehydic substances under the influence of X-rays and 
y-Tays cannot be completely excluded at very high doses, with neutrons much smaller energies 
are sufficient to produce some of these products. This can be attributed to the denser ionisation 
in this case and to the production of hydroxyl radicals in such spatial proximity that multiple 
attacks on the same molecule become more likely. To substantiate this, experiments were 
carried out with radon, giving a nearly pure «-radiation. The experimental details have 
already been given (Part I, loc. cit.). Here too, it could be shown that an aldehyde was formed. 

The dinitrophenylhydrazone of the dialdehyde gives an intense violet colour in alkaline 
solution and this has been used as a qualitative test for the presence of the aldehyde. 

We hope to be able, in the near future, to carry out quantitative experiments, using a pure 
neutron source, to show whether this reaction can be used for the determination of doses of 
more densely ionising radiations, and to accumulate larger quantities of the aldehyde for its 
definite identification. 

Benzoic acid in dilute aqueous solution similarly gives this colour reaction, indicating the 
formation of an aldehyde. This latter reaction has not yet been investigated in detail. 


EXPERIMENTAL, 


The irradiation vessels and the radiation sources have been described in Part I (loc. cit.). Saturated 
solutions of benzene, as described in Part II (preceding paper), were used. Analysis of the irradiated 
solutions, and identification of the phenolic compounds, were carried out according to the procedure 
described in Part II. The formation of diphenyl in small quantities has been observed also in the 
present experiments. 
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Isolation of the Aldehyde.—Solutions irradiated with the neutron—gamma-ray source were 
concentrated at room temperature in a vacuum. Several residues were united and slightly acidified 
with dilute sulphuric acid, and a solution of dinitrophenylhydrazine (2-5 mg./ml. in 2N-sulphuric acid) 
was added. The precipitate was filtered off, dissolved in light petroleum (b. Pp 40—60°), and 
chromatographed on alumina. A purified specimen melted at 136° eserts (Found, by Drs. Weiler 
and Strauss, Oxford: C, 45-1; H, 4:0; N, 23-5. Calc. for C,,H,,O,N,: C, 45-9; H, 3; N, 23-8, 
Calc. for C,,H,,0,N,: C, 45:5; H, 3-8; N, 23-6%). The analytical figures do not exclude the 
possibility of a mixture of muconic dialdehyde with its partly or fully hydrogenated derivatives. 

Colour Test for the Presence of the Aldehyde.—To the irradiated solution, or to an aliquot part thereof, 
5 ml. of the dinitrophenylhydrazine solution (see above) were added. After 15 minutes the solution 
was extracted with carbon tetrachloride, and the extract washed with dilute sulphuric acid and then 
shaken with 2n-sodium hydroxide. The colour thus formed is stable for some hours. The colour 
formed when an acid solution of sulphanilic acid is added to the irradiated solution is stronger but transient, 
fading in 1—2 minutes. 


The neutron irradiations were carried out at the Londonderry Laboratories for Radiochemistry, 
Durham, by kind permission of Professor F. A. Paneth, F.R.S., to whom our sincere thanks are due. 
The radon was supplied very kindly by Dr. F. T. Farmer. We acknowledge with grateful thanks the 
financial assistance of the Northern Council of the British Empire Cancer Campaign. 
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683. Chemical Actions of Ionising Radiations on Aqueous Solutions. 
Part IV. The Action of X-Rays on Some Amino-acids. 


By GABRIEL STEIN and JOSEPH WEISS. 


The action of X-rays on glycine, alanine, and serine in aqueous solutions has been studied 
under different conditions, e.g., in the presence of oxygen (air), in a vacuum, in hydrogen, at 
different pH values, at different concentrations, etc. It has been found that a deamination 
occurs and that ammonia and other products are formed. From the latter the corresponding 
aldehydes have been isolated as their 2: 4-dinitrophenylhydrazones. The amounts of the 
ammonia, aldehydes, and molecular hydrogen formed in the reaction were shown to be a non- 
linear function of the dose. 


A number of features of the mechanism of deamination have been discussed and we have 
concluded that, in general, an oxidative and a reductive mechanism are operative in the 
deamination of amino-acids. In particular, when X-rays act on aqueous solutions, producing 


hydroxyl radicals and hydrogen atoms, both radicals are presumably capable of initiating 
deamination. 


THE results already reported (Parts I~—III; preceding papers) of our investigations on the action 
of ionising radiation on aqueous solutions are in agreement with the free-radical theory of 
indirect action (Weiss, Nature, 1944, 158, 748; Trans. Faraday Soc., 1947, 48, 314). The 
qualitative and quantitative results point to the formation of hydrogen atoms and hydroxyl 
radicals from the water, following the absorption of the radiation. The present investigation 
had as its object to obtain some information regarding the action on amino-acids in aqueous 
solutions, and at the same time it was to serve as a first step in the investigation of more complex 
molecules which are of biological significance. 

The action of hydroxy] radicals, produced by means of Fenton’s reagent (hydrogen peroxide- 
ferrous salt), on simple amino-acids (glycine, alanine, serine, etc.) has been investigated 
qualitatively in the past (Dakin, J. Biol. Chem., 1906, 1, 171; Neuberg, Biochem. Z., 1909, 20, 534). 
An oxidative deamination occurs, yielding ammonia, an aldehyde and carbon dioxide (which 
results from a subsequent decarboxylation), whilst in biological oxidative deaminations the 
corresponding keto-acid is sometimes formed. These results obtained with Fenton’s reagent 
are similar to those of electrolytic oxidation (Neuberg, ibid., 1910, 24, 159; Fichter, Helv. 
Chim. Acta, 1920, 3, 712; Baur, Z. Elektrochem., 1936, 42, 285), which presumably also involves 
free-radical intermediates (cf. Walker and Weiss, Trans. Faraday Soc., 1935, 31, 1011). Weiz- 
mann, Bergmann, and Hirschberg (J. Amer. Chem. Soc., 1936, 58, 1675) have investigated the 
photochemical (hydrolytic) deamination of some amino-acids. This does not necessarily proceed 
by a mechanism similar to that which operates with ionising radiations, since in the photo- 
chemical experiments the primary energy absorption is due entirely to the amino-acid. Loiseleur 
(Compt. rend. Soc. Biol., 1933, 114, 589) has demonstrated qualitatively the deamination of 
amino-acids by a-particles. In this case, however, hydrogen peroxide is presumably formed 
(see, e.g., Part III). No other products were identified by him. 

Should the action of X-rays (in the absence of oxygen) give results similar to those obtained 
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by the action of hydroxyl radicals produced by means of the hydrogen peroxide-—ferrous salt 
system (Haber and Weiss, Proc. Roy. Soc., A, 1934, 147, 332), the theory of the free-radical 
mechanism of the indirect mode of action of ionising radiations would receive further support. 
The fact that deamination occurs could be of some significance from the biological point of view 
since Auerbach (Proc. Roy. Soc. Edinburgh, B, 1947, 62, 284) has shown that ammonia is capable 
of inducing mutations in Drosophila. Since amino-acids are initimate constituents of the 
living cell, the production of ammonia in situ might have significant effects. 

Qualitative Experiments.—Glycine, alanine, and serine were investigated qualitatively. 
The arrangements for the irradiations were those described in detail in Part I (loc. cit.). In all 
cases 400 mg. of the amino-acid in 100 ml. of water were irradiated, in a vacuum, with doses of 
the order of 10°—10* r. Hydrogen and ammonia were given off by all these amino-acids. 

Glycine yielded very small quantities of formaldehyde, alanine very small quantities of 
acetaldehyde, and serine relatively larger quantities of glycollaldehyde and glyoxal. All these 
aldehydes were isolated as the 2: 4-dinitrophenylhydrazones. Fricke’s work (see, ¢.g., Fricke, 
Hart, and Smith, J. Chem. Physics, 1938, 6, 229) has shown that formaldehyde and acetaldehyde, 
even in very dilute solutions are decomposed under the influence of X-rays. The action of 
X-rays on glycollaldehyde has not been investigated previously. It seems likely that the glyoxal 
is the result of the action of X-rays on the primarily formed glycollaldehyde. Keto-acids could 
not be isolated in any of these experiments. Full details are given in the Experimental section. 


Fie. 1. 
Irvadiations of aqueous solutions of glycine (400 mg./100 ml.) in a vacuum. 


> 
be 


or milly equivs. 
Nn 


8 
br 
= 





s + a 


a" 7" ae 
Total dose, in g.-r,x10™’. 





oT 
Yields of hydrogen equiv. (CQ) and of ammonia (Q) plotted against total dose of X-rays. 


Our preliminary results on amino-acids have been briefly published (Stein and Weiss, Nature, 
1948, 162, 814). Dale and Davies (ibid., 1949, 163, 64) subsequently confirmed our results 
regarding the deamination and drew attention to the fact that the yield of ammonia shows an 
unexpectedly strong dependence on the initial concentration of glycine. When relatively high 
concentrations of glycine (of the order of 10—20 g./100 ml.) were used the yield of ammonia was 
nearly three times as high as was expected on the basis of one molecule of ammonia formed for 
one ion pair. (Dr. Dale has pointed out to us that this effect is not influenced by the presence 
of oxygen.) However, these authors did not report or investigate any other products of the 
reaction. 

Quantitative Experiments.—In Figs. 1, 2, and 3 the yields of ammonia and of hydrogen 
equivalents are plotted against the total dose, for glycine, alanine, and serine, respectively. 
All these experiments were carried out in a vacuum, and in all of them the concentration of 
amino-acid was 400 mg./100 ml.of solution. (The pH of the solutions was not specially adjusted.) 
At these relatively low concentrations direct-hit effects can be neglected. The three curves 
show the same trend, shown most clearly by glycine (Fig. 1) which was investigated in greater 
detail. The yield of ammonia per unit dose is at first high (see also Fig. 5), but decreases 
gradually to a lower, practically constant value. The yield of hydrogen is represented in the 
initial stages by a sigmoid curve. 

Although the yields of phenol and hydrogen obtained from benzene (Part II, Joc. cit.) were 
constant at low doses, in this case the yields of ammonia and hydrogen change continually, and 
the relative yield at a given total dose is a function of that particular dose. Thus both the 
experiments of Dale and Davies (loc. cit., medium doses of the order of 10° r.) and our earlier 
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qualitative experiments (high doses of the order of 10* r.) refer to particular doses only. From 
the Figures 1, 2, 3, and 5 it is seen that as the total dose decreases the yield of ammonia progres- 
sively increases. Thus, the ammonia-yield curves obtained suggest that one is dealing here 
with a competition by at least two acceptors for the available radicals, one of the acceptors 
being the amino-acid and the second, a product of the primary reaction. This second product 
accumulates slowly and even when present in small amounts appears to be capable of reducing 
the attack on the amino-acid. However, as a result of these two processes a practically con- 
stant rate of production of ammonia (from the amino-acid) is eventually reached (cf. Figs. 1 and 3). 

The hydrogen-yield curves are also compatible with this view, i.e., of two reactants competing 
for the radicals. It would appear that the hydrogen is produced as the result of two processes, 
For instance, if the primary attack on the amino-acid yields ammonia and a second product 
(e.g., an aldehyde or an acid) which is itself capable of further decomposition by the radicals 
with the formation of hydrogen, then as the result of the competing reactions a constant rate 
of production of hydrogen will be reached when the concentration of the intermediate product 
has attained a stationary (equilibrium) level. Up to this point, however, the scheme of two 
consecutive reactions can result in a sigmoid curve representing the yield of hydrogen against 
dose (Fig. 1). 

Fic. 2. Fic. 3. 
Irvadiations of aqueous solutions of alanine Irradiations of aqueous solutions of serine 
(400 mg./100 ml.) in @ vacuum. (400 mg./100 ml.) in a vacuum. 
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(@) plotted against total dose of X-rays. 


This can be seen easily if one considers the transformation A —-> B by means of the active 
radicals R, by the consecutive reactions : 


a Rie ae ce ee ree 
k 
a ee De i. ba eee eee eee 
where A denotes the original acceptor (amino-acid), X is the intermediate competing with A for 
the active radicals (R), and B corresponds to the hydrogen formed by the further decomposition 
of X. 

Under conditions of irradiation with a constant dose rate the concentration of the active 
radicals can be considered as practically constant. In this case, the initial stages of the reaction, 
4.e., before the intermediate product (X) has reached a stationary state (for which dX/d¢ = 0), 
equations («) and (8) lead to an expression for the end product (B) which is a function of the time : 


(B), = CAlo{1 + eo [hac #otR — ge-Hatey |} 


This represents a sigmoid curve of the type discussed above. The total dose is proportional to 
the time, for a given constant dose rate [¢ = (total dose) /(dose rate)]. From the above equation 
one obtains for the point of inflexion the expression : 


tos. = aw aN in “2 
"(kg — he)(R) he 
which gives a positive value only if kg > h,, 1.e., if the rate constant of the second stage (equation 
f) is greater than that of the first stage (equation a). 
Fricke e¢ al. (loc. cit.) have shown that aqueous solutions of formaldehyde, formic acid, 
acetaldehyde, and acetic acid give hydrogen when irradiated by X-rays. Geib (Ergebn. exakt. 
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Naturwiss, 1936, 15, 44) has summarised the evidence that hydrogen atoms easily decompose 
these substances. 

Such a competition would also account for the results of Dale and Davies (loc. cit.) regarding 
the influence of the initial concentration on the yield of ammonia and is confirmed by our 
experiments. Fig. 4 shows the yields of ammonia and hydrogen obtained by us from glycine 
at a constant dose of 150 minutes (approx. 5 x 10’ g.-r.) in an unbuffered solution, at concen- 
trations of glycine up to 16 g./100 ml. of solution. At such high concentrations the energy 
absorbed cannot be assumed to be the same as that in the case of dilute solutions, since the 
absorption of the radiation depends on the density of the solution and on the average atomic 
number of the medium. Calculations of these effects, carried out by Mr. M. J. Day, have shown 
that for glycine the effect of increased density (1°04 for 10 g./100 ml. of solution) is approxi- 
mately counteracted by the effect of the lower average atomic number of glycine compared with 
that of water. To a figst approximation, therefore, the dose in concentrated solutions of glycine 
is the same as in dilute solutions. Direct hits are however more frequent in the concentrated 
solutions. 

Fig. 4 shows that the yield of ammonia increases slightly up to the highest concentrations 
investigated, whilst the yield of hydrogen does not increase markedly after a maximum value 


Fic. 4. Fic. 5. 


Irvadiations of aqueous solutions of glycine in Irradiations of aqueous solutions of glycine 
a vacuum. (400 mg./100 ml.) in a vacuum at low doses. 
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has been reached at medium concentrations. This can be attributed presumably to two causes : 
(i) a mechanism involving competing reactions as discussed above, and (ii) the possibility that 
at these higher concentrations direct hits might result in a hydrolytic reaction such as that 
described by Weizmann ¢é al. (loc. cit.) for the photochemical reaction which would give some 
ammonia but not hydrogen. 

The shape of the ammonia-yield curve in Fig. 4 is in agreement with the equation derived by 
Weiss (cf. Nature, 1944, 153, 748; Part I, loc. cit.) for reactions in which competition occurs. 

As mentioned above, the relatively higher yields of ammonia become more pronounced with 
decreasing total dose. To study the initial conditions we measured (Fig. 5) the yield of ammonia 
obtained at very low doses in a vacuum from an unbuffered solution of glycine (400 mg./100 ml.), 
i.e., under the conditions of the experiments of Fig. 1. Already after 15 minutes (approx. dose 
5 x 10‘ r.) the rate of formation of ammonia decreased significantly. The initial yield, cal- 
culated in terms of an assumed energy absorption of 32°5 ev. per ion pair formed, amounts to 
M/N = 1°85. 

The dependence of the yields of ammonia and hydrogen (in a vacuum) on variations in pH 
is shown in Figs. 6 and 7. Fig. 6 shows the yields of ammonia and equivalents of hydrogen 
at a constant dose of 150 minutes of irradiation (approx. 5 x 10° r.) and for a constant concen- 
tration of glycine of 400 mg./100 ml. of solution. At this higher dose the analytical accuracy 
and reproducibility is very good. However, owing to the secondary reactions mentioned above 
the yields obtained at this dosage are the result of several processes. Fig. 7 was obtained for 
the same concentration of glycine, but at a constant dose of one-fifth of the previous one, i.e., of 
30 minutes (approx. 1 x 10° 1.). In this case, therefore, the secondary reactions play a smaller 
role. The general trend of the curves in both figures is similar. The yield of hydrogen, as the 
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result of the secondary reaction discussed above, exceeds that of ammonia at the higher dose 
at acid, but not at alkaline, pH values. A similar influence of pH on the yield of hydrogen 
(owing to the attack on the reaction products, aldehydes etc.) has been found also by Fricke et al, 
(loc. cit.) using formaldehyde. 


Fic. 6. 
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The yield of ammonia depends on the pH in a very similar way in both cases (Figs. 6 and 7). 
Starting at the lowest pH values, the yield rises to a maximum at pH ~3, falls to a pronounced 
minimum at a pH ~6—6‘5, rises very steeply to a second maximum around pH ~49, and falls 
again at higher pH values. Of the two maxima, that at pH ~9 is the greater. 

In agreement with Dale and Davies (Joc. cit.) it was found that the yield of ammonia remained 
the same whether experiments were carried out in the presence of air or in a vacuum. We 
found that it was also unchanged in an atmosphere of hydrogen. 


Fie. 8. Fic. 9. 
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The yield of aldehyde, however, depended on these factors. From glycine we obtained the 
highest yield in air, a somewhat lower yield in a vacuum, and the lowest in hydrogen. 

This can be interpreted on the basis that, in the case of glycine, not only the hydroxyl radicals, 
but also the hydrogen atoms attack the acceptor, both leading to the formation of ammonia. The other 
product is apparently an aldehyde when the attack is by hydroxyl (or by HO,, in the presence 
of oxygen), but is not an aldehyde when the attack is by hydrogen atoms. This view, based on 
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the above-mentioned facts, is supported by other evidence discussed below. If this is so, a value 
of M/N ~2 would be expected for the yield of ammonia obtained in the initial stages of the 
reaction. 

Since the yield of ammonia had been found to depend, not only on the concentration of the 
amino-acid and on the total dose given, but also on the pH, experiments were next made under 
conditions giving approximately the maximum initial yield. Fig. 8 gives the yields of ammonia 
and aldehyde obtained in a buffered solution at a concentration of 2 g. of glycine per 100 ml. 
and in the presence of oxygen (air). The pH chosen (~8) corresponds approximately to the 
conditions of maximum yield; the yield at the concentration chosen approaches (cf. Fig. 4) the 
maximum reasonably closely without the likelihood of direct hit effects influencing the result; 
and the presence of air increases the yield of aldehyde without influencing the yield of ammonia 
(cf. above). The M/N value obtained initially for ammonia was 2°3. Comparison of Figs. 8 
and 5 shows.that the decrease in the rate of formation of ammonia sets in later under the 
conditions represented by Fig. 8, and that the rate of formation of the aldehyde in the solution 
declines fairly rapidly. 

If the explanation that both hydroxyl radicals and hydrogen atoms lead to deamination is 
correct, the finding that the presence of absence of oxygen does not influence the yield of ammonia 
must be due to the fact that OH, HO,, and H react with about the same efficiency in the case of 

lycine. 

: "That this is not always the case was shown by experiments with serine. In this case, the 
yield of ammonia was found to be the lowest in the presence of air, higher in a vacuum, and 
highest in an atmosphere of hydrogen (all measurements at a dose of approx. 1 x 105 r.). In 
air the dialdehyde is formed, whilst in a vacuum or in hydrogen the monoaldehyde predominates. 
This indicates, that in the case of serine, the second product (i.e., the monoaldehyde), once 
formed, is itself easily attacked by the radicals produced in the presence of oxygen, but that in 
hydrogen the hydrogen atoms (which predominate; see Part II) lead to a preferential 
deamination. 

Fig. 9 records an attempt to determine the initial yield from serine, the concentration being 400 
mg./100 ml. at pH 8, in hydrogen. The initial yield gives a value of M/N = 2°8 for ammonia. 

The results obtained indicate, that for amino-acids, the marked dependence of the yield of 
ammonia on the concentration of the acceptor is due to a competition for the radicals by the 
secondary products formed in the initial deamination reaction. This view is supported 
independently by the study of the yield—dose curves. 

The very high yields of ammonia observed under certain conditions are presumably due to 
several reasons. The nature of the reactions involved leads one to expect much higher yields 
than were observed from, for example, benzene. Thus it was shown that the formation of 
phenol was a two-step process: the initial attack by the radicals led to the formation of phenyl 
radicals, and the second reaction, the formation of phenol, had to compete with a number of 
other reactions of these radicals; had we been able to measure the total primary formation of 
phenyl radicals much higher. “ yields ” of these would probably have been observed. On the 
other hand, with amino-acids the very first attack by the radicals leads apparently to deamin- 
ation; and, if only one type of radical is involved, a yield of ammonia approaching unity would 
be expected. 

The hypothesis that both hydroxyl] radicals and hydrogen atoms can deaminate the acid is 
strongly supported by our experimental results. Other evidence also supports the view that 
hydrogen atoms are capable of deaminating amino-acids. Thus Baur (loc. cit.) showed that 
amino-acids are deaminated electrolytically at the cathode. Kocholaty and Hoogerheide 
(Biochem. J., 1938, 32, 437), using anaérobic bacteria in the presence of molecular hydrogen, 
observed the reductive deamination of glycine, coupled with the uptake of hydrogen, and the 
formation of ammonia and of a (saturated) fatty acid. 

That hydrogen atoms are formed in the irradiation of aqueous solutions has been further 
demonstrated by our experiments (unpublished), where solutions of gold, silver, and mercury 
salts were irradiated with X-rays. Whilst in the presence of the oxygen (air) very little or no 
reduction occurred, there was appreciable reduction in a vacuum which became much greater 
when the irradiated solution was in an atmosphere of hydrogen, The reactions which are to be 
taken into account in the presence of these gases have been discussed in Part II. 

If with amino-acids in solution deamination by hydroxy] radicals and hydrogen atoms does 
take place, yields of up to twice the accepted maximum value are to be expected. 

The observed dependence of the yield on pH might be connected with the state of the amino- 
acids in solution (cf. Edsall, e.g., in Cohn and Edsall, “‘ Proteins, Amino-acids, and Peptides,”’ 
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1943). The zwitterion form of, ¢.g., glycine (*NH,°CH,°CO,~), which predominates in aqueous 
solutions at the isoelectric point is in equilibrium with the cation (*NH,°*CH,°CO,H) at acid, and 
with the anion (NH,°CH,°CO,~) at alkaline, pH values. The isoelectric point of glycine is at 
pH 5°97; around this pH value the zwitterion structure predominates. It is around this pH 
value that the pronounced minimum in the yield of ammonia was observed. There are also 
two other points of equilibria in aqueous solutions of glycine, viz., where the concentration of 
the zwitterions equals that of the cations (on the acid side) and where the concentration of 
zwitterions and anions are equal (on the alkaline side). For glycine these equilibria are at pH 
values of 2°35 and 9°8 respectively, approximately coinciding with the regions of the two maxima 
in the yield of ammonia. 

In microbiological work with amino-acids (see, e.g., Stephenson, ‘‘ Bacterial Metabolism,” 
1949) the so-called Stickland reaction (mutual oxidation and reduction by pairs of amino-acids, 
resulting in the deamination of both amino-acids) has been observed. The amino-acids can be 
divided into oxidisable (alanine, valine, etc.) and reducible acids (glycine proline, etc.). In 
general, an amino-acid of either group, when incubated alone, gives little or no ammonia; if an 
amino-acid of the other group is added strong deamination of both occurs. Recently, it has 
been shown (Cardon and Barker, Arch. Biochem., 1947, 12, 165) that the same reaction can 
occur in solutions containing only one amino-acid, two molecules of the same acid entering into 
this type of mutase reaction. It is not impossible that if such a reaction takes place the 
optimum conditions for it will be those under which different ionic structures of the same 
amino-acid are present, one structure being reduced while the other is oxidised. The same could 
favour the formation of a dimeric form of the amino-acid. 

The results of Dale and Davies (loc. cit.) regarding yields of ammonia of M/N > 2 are thus 
confirmed. We are able partly to account for it, although we cannot at the moment go much 
beyond the points discussed above. In the absence of any definite knowledge regarding the 
primary ionic (radical) yields in solutions it is impossible to say whether the results hitherto 
obtained do in fact already exceed the real primary yield by a factor greater than two. 

It is also quite possible, that in the process of deamination, reactive fragments ‘(radicals) of 
the amino-acid are produced, which can then react with another amino-acid molecule, 
resulting in further deamination (short chains). 

In any case it is indicated by the strong pH effects that in the case of acceptors giving ions 
in solution ionic equilibria might be of great importance. 


EXPERIMENTAL. 


Glycine (“ AnalaR ’’), alanine (Hopkin and Williams), and serine (Roche) were used without further 
purification. The control ammonia values were determined for every new batch and allowed for. 

The arrangements for irradiation were those described in Part I (loc. cit.). The determination of 
hydrogen was carried out as described in Part II (/oc. cit.), the analytical procedure being accurate to 
+ 1% with 0-1 millimole of gas. Fricke (Joc. cit.) has shown that even the most carefully distilled water 
gives off some hydrogen during irradiation. In the presence of other acceptors dissolved in the water, 
the hydrogen from this source is probably negligible; our double-distilled water (which was always used) 
gave when irradiated in the absence of any dissolved substances somewhat less than 10 mole per 10? 
g.-r. 

Determination of Ammonia.—Irradiated solutions were steam-distilled in a vacuum according to 
Parnas (Biochem. Z., 1934, 274, 158; Krebs, Biochem. J., 1935, 29, 1620), and the ammonia determined in 
the distillate by Nesslerisation and at larger doses also by titration. 

The quantitative colorimetric micro-determinations were carried out with the Nesslerised solution 
in a Spekker colorimeter with an Ilford filter 601 or 602. The calibration was made with recrystallised 
“ AnalaR ” ammonium chloride. 

Qualitative Separation of Aldehydes.—The irradiated solutions were slightly acidified with dilute 
sulphuric acid, and a solution containing 2-5 mg. of 2 : 4-dinitrophenylhydrazine per ml. of 2N-sulphuric 
acid was added. The precipitate was filtered off, washed, dried, and purified by chromatography on 
alumina. Glycine gave the formaldehyde, and alanine the acetaldehyde, derivative identified by their 
m. p.s (not depressed by admixture with authentic specimens). Serine gave a larger amount of precipi- 
tate which on chromatography was arated into two fractions. The first hydrazone formed orange 
crystals, m. p. 156°, not depressed by admixture with glycollaldehyde dinitrophenylhydrazone, which we 

repared according to the procedure of Collatz and Neuberg (Biochem. Z., 1932, 255, 27). The second 
traction formed dark red plates, m. p. 315—320°; the m. p. of glyoxal dinitrophenylhydrazone is 327°; 
our sample gave a violet colour, characteristic of dialdehyde derivatives, in alkaline solution. 

Quantitative Determination of the Aldehydes—To determine concentrations of aldehydes of the order of 
10* mol./100 ml., the following procedure has been adopted. Dinitrophenylhydrazones of aldehydes, 
ketones, and keto-acids dissolve in alkalis with a bright cherry-red colour; the derivatives of dialdehydes 

ive a violet colour. Bamberger (Ber., 1893, 26, 1306) used the p-nitrophenylhydrazones; Dakin 
J. Biol. Chem., 1908, 4, 235) used this reaction for the detection of pyruvic acid; Friedemann and 
Haugen (J. Biol. Chem., 1943, 147, 415) adapted it for the quantitative micro-determination of ketonic 
substances in blood and urine, using the colour developed when the hydrazone is extracted into an 
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organic solvent; in this case the colour is measured in a volatile solvent and is not nearly as intense as 
the colour develo when thé organic solution is shaken with alkali; the colour is however unstable in 
alkali. We found that, at room temperature, this colour in alkali fades to a definite value of yellow in 
about 12 hours, remaining then stable for long periods. Warming the solution accelerates this process, 
and constant values are obtained within reasonable times. 

Our procedure, which permits determination of aldehyde at concentrations of the order of 10% 
mole/100 ml., consists of withdrawing an aliquot of the irradiated solution, neutralising it, adding 1 ml. 
of n-sulphuric acid, and making up the volume with water to exactly 20 ml. Exactly 5 ml. of the 
dinitrophenylhydrazone solution (see above) are added, and after 10 minutes the solution is extracted 
with 25 ml. of carbon tetrachloride, which as found by Lester and Greenberg (j. Biol. Chem., 1948, 174, 
903) dissolves very little of the unchanged reagent and relatively large amounts of the hydrazone. The 
carbon tetrachloride extract is separated, shaken with 10 ml. of 2N-sulphuric acid and then with 10 
ml. of 2n-sodium hydroxide, and the alkaline solution, in a 50-ml. — flask, is diluted to approx. 
30 ml., heated in a boiling water-bath for 5 minutes, cooled, and diluted to volume. The colour is 
measured in a Spekker colorimeter, with an Ilford No. 601 filter, calibrated with “ AnalaR ’’ formaldehyde 
and acetaldehyde, or, for glycollaldehyde, with the purified dinitrophenylhydrazone prepared as 
described above. Results are reproducible within +3% when the amount of formaldehyde is of the 
order of 1 x 10° mole in 50 ml. of the final (alkaline) solution. 


The irradiations were carried out in the Radium Department of the Royal Victoria Infirmary. We 
are indebted to Mr. J. Thurgar, Dr. F. T. Farmer, and Mr. M. J. Day for their co-operation. This work 
was supported by grants from the Northern Council of the British Empire Cancer Campaign to whom our 
grateful thanks are due. 
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684. Curare Alkaloids. Part X. Some Alkaloids of Strychnos 
toxifera Rob. Schomb. 


By Haroip Kine. 


The object of this investigation was the isolation of the alkaloids of Sirychnos toxifera as 
this liane is the source of the renowned calabash-curare of British Guiana. By chromatography 
of the less soluble reineckates twelve crystalline quaternary salts, toxiferines-I to -XII have 
been obtained, two as the chlorides, and the remainder as picrates. Toxiferine-I chloride, an 
extremely potent curarising agent, was identical with the toxiferine-I chloride of Wieland, 
Bahr, and Witkop. Toxiferine-II picrate of these investigators was also encountered, the 
remaining ten toxiferines being apparently new. The curarising activity of some of these is 
comparable with that of toxiferine-I chloride. The neutral substance C,,H,,0,N, found by 
the above-named investigators in calabash-curare from Venezuela has now been found in 
St. toxifera. The striking colour reactions of these alkaloids suggests that they are all derived 
biogenetically from tryptophan. 


THE pharmacologist Boehm (Abhandl. Kgl. sdchs. Ges. Wissensch., 1895, 22, 203) showed that 
there were three kinds of curare : tube-curare, pot-curare, and calabash-curare, distinguishable 
by their containers and by their chemical characteristics. The chemical constituents of the 
two first-named curares have been elucidated in earlier parts of the present series of 
communications. The third type, calabash-curare, is dealt with indirectly in this 
communication and was formerly the one most frequently encountered in commerce, its main 
source of supply being the northernmost countries of S. America (British Guiana, Venezuela, and 
Colombia). 

According to Richard Schomburgk (‘‘ Travels in British Guiana,’”’ 1840—1844), his brother 
Robert was the first to recognise a Strychnos species as furnishing the active ingredient of the 
renowned calabash-curare prepared by the Macusi Indians in British Guiana and he named it 
St. toxifera. Robert Schomburgk made an extract of this liane and showed that it alone was 
sufficient to confer the paralysing properties on calabash-curare. Richard Schomburgk 
collected a further supply of St. toxifera, and the German chemist Heintz examined it but failed 
to prepare any pure alkaloid. 

Boehm (loc. cit., 1897, 24, 4) examined 17 specimens of calabash-curare and isolated a highly 
active amorphous quaternary alkaloid for which he proposed the formula C,,H,,ON,Cl and 
which he called curarine; the amount of non-quaternary alkaloid was very variable and in all 
cases minute. In a small sample of St. toxifera bark which he obtained from Holmes, from the 
museum of the Pharmaceutical Society in London, Boehm confirmed the presence of a curarising 
principle. 

In 1935 (Nature, 135, 469) I recorded some preliminary observations in this field; from 
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St. toxifera I isolated an amorphous quaternary iodide, to the extent of 0°2% of the bark, which 
chemically and physiologically closely resembled a curarine iodide isolated from calabash- 
curares from British Guiana. All attempts to crystallise either of these iodides or other salts 
by direct crystallisation failed. 

In*1937 Wieland, Konz, and Sonderhoff (Amnalen, 527, 160), by use of the chromatographic 
adsorption of the reineckates of commercial calabash-curare on alumina, were able for the 
first time to crystallise the anthraquinone-2-sulphonate and picrate of an active principle. In 
a second communication Wieland and Pistor (ibid., 1938, 586, 68) described the preparation of 
the crystalline chloride and iodide of the above active principle which they now called 
C-curanine I and in addition they isolated a second weaker alkaloid, C-curarine chloride II 
and its iodide in crystalline form. They also stated, without details, that St. toxifera bark, 
supplied by the National Institute for Medical Research, Hampstead, contained, not 
C-curarine I, but a much more active principle which they named toxiferine. 

In a later communication (ibid., 1941, 547, 140) Wieland, Pistor, and Bahr described some 
additional properties of C-curarines I and II from calabash-curare and of a third quaternary 
alkaloid C-curarine III. In a fourth contribution to this subject (ibid., p. 156) Wieland, Bahr, 
and Witkop raised the number of crystalline quaternary alkaloids which they had isolated from 
various calabash-curares to seven, and from St. toxifera bark they isolated two, toxiferine-I 
chloride and toxiferine-II picrate both in the crystalline state. The last-named was identical 
with one of the seven alkaloids from calabash-curare and readily underwent isomerisation to 
the alkaloids toxiferine-Ila and toxiferine-IIb. The formula attributed to toxiferine-I chloride 
was C.9H,,;ON,Cl, whilst to toxiferine-II chloride was assigned the formula C,)H,;ON,Cl. It 
is noteworthy that the formula proposed by Boehm for his enewen preparation differed 
from the former by only one carbon atom. 

Owing to the intervention of World War II, I was not able to return to a study of calabash- 
curare and the alkaloids of St. toxifera until 1948. As it was known that the Indians put the 
extracts of more than one plant into their curare preparations and even mix Chondrodendron 
species with Sirychnos species, it was evident that the safest scientific approach to the problems 
presented by calabash-curare lay in an examination of botanically identified Strychnos species 
and in particular of St. toxifera. It was also clear from Wieland’s and Karrer’s results that 
the problem involved the separation of mixtures of quaternary alkaloids, avoiding 
acidic conditions, a comparatively new and difficult field of alkaloidal chemistry for which new 
methods were needed. 

A pilot experiment on the alkaloidal reineckates from 465 g. of St. toxifera bark, 
substantially by Wieland’s methods, had shown the presence of four or more alkaloids by their 
isolation as crystalline picrates, one of which was probably identical with toxiferine-I picrate; 
in addition the neutral substance C,,H,,O,;N, which Wieland, Bahr, and Witkop had found 
in calabash-curare from Caracas in Venezuela was encountered. 

A repetition of the chromatographic experiment on a 4°5-kg. scale was then undertaken. 
The alkaloidal reineckates, after preliminary purification by hot-water extractions as 
recommended by Wieland, Pistor, and Bahr, were submitted to chromatography on three 
successive columns of alumina, each 50 cm. long. By elution. with acetone, the first column 
gave four clearly defined zones, A, B, C, and D, A at the top representing the most tenaciously- 
held components. The filtrate and eluate put on to the second column gave evidence, on 
development with acetone, of eleven bands numbered xi to i downwards, a yellow solution Y 
passing through without adsorption, followed by a rose-coloured solution R. These two 
coloured fractions were separated on a third column into a yellow filtrate, followed by a 
rose-coloured filtrate; negligible amounts of adsorbed material were left on the third 
column. 

During the development of the first column it was noticed that the roseate reineckate 
solutions became bleached in the surface layers of the column nearest the glass walls by the 
action of daylight. The second and third columns were accordingly run shielded by a black 
paper collar, and the column was examined only in artificial light. There is apparently no 
mention of this phenomenon by other workers. 

The zones A, B, C, and D were then sectioned and the recovered reineckates converted into 
chlorides in neutral solution by means of silver sulphate and barium chloride. The alkaloids 
in zones xi—i of the second column were converted into chlorides similarly, and the solutions 
R and Y from the third column were treated in the same way. Each fraction was then 
evaporated to dryness at <.50°, warmed with absolute alcohol, separated from sodium chloride, 
concentrated to a small volume, and kept. 
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Under these conditions fraction D deposited a chloride, crystallising in needles, the 
properties of which on recrystallisation agreed in most respects with the toxiferine-I chloride of 
Wieland, Bahr, and Witkop. Fraction R also deposited a crystalline chloride which could be 
crystallised from water and as it appears to be new is called toxiferine-III chloride. These 
were the only fractions crystallised directly as chlorides. 

Each of the remaining fractions was then converted into its picrate in aqueous solution, and 
the amorphous picrates dried and then warmed with a small volume of dry acetone and kept. 
Those fractions which did not crystallise were then treated with acetone and water in various, 
often laborious, ways described in the Experimental section under each zone. 

Eventually twelve crystalline quaternary alkaloids were isolated, two as their chlorides and 
ten as their picrates; others have been encountered in traces. Their properties, their highly 
characteristic colour reactions, and the positions they occupied on the adsorptive columns are 
summarised in the following table. 


Positions on Cr,0,” in 
columns. Identity. M. p. H,SO,. HNO, . 50% H,SO, 
Toxiferine-IV picrate 230° _ —_ — 
Toxiferine-IV picrate 238—239 Nil Carmine Bluish-purple 
—> carmine 
Toxiferine-V picrate 270 ~=Blue Deep green Deep blue 
—> pink —-> purple 
Toxiferine-VI picrate >300 Pale straw Carmine Blue ——-> purple 
—> red 
Toxiferine-II picrate about 200 Pale straw Carmine Bluish-purple 
—-> reddish-purple 
Toxiferine-I chloride — Nil Deep rose Bluish-purple 
—-> reddish purple 
Toxiferine-I picrate 278 Blue Deep green Bluish-purple 
—> rose —-> reddish-purple 
Toxiferine-VII picrate >300 Pale straw Deep rose Reddish-purple 
——> carmine 
Toxiferine-VIII picrate >300 Pale straw Rose to Carmine 
carmine 
Toxiferine-IX picrate >300 Nil Carmine Bluish-purple 
Toxiferine-III chloride 285 Yellow Bluish-green Deep blue 
—> dirty colour 
Toxiferine-X picrate 264 Blue Orange Carmine 
(explodes) 
Toxiferine-XI picrate 277 = Blue Deep green Bluish-purple 
— > pink —-> reddish-purple . 
Toxiferine-XII picrate >333 Blue Orange Carmine 


Of the twelve picrates recorded in this table, five are unmelted at 300°; it is possible they 
are the picrates of alkaloids of a greater degree of complexity than the others, and there is some 
support for this in some of the analytical figures. As some of these picrates have been obtained 
pure only in 10—30-mg. quantities, the formule given in the Experimental section must be 
regarded as tentative; in no case have determinations of water of crystallisation been made as 
the effect of heat was unknown, so that it is very probable that water of crystallisation is 
incorporated in the formule. Many of these picrates explode on micro-analysis, even when 
mixed with copper oxide; this does not necessarily invalidate the analyses when micro- 
analytical methods are used. 

Five of the picrates give a blue colour with strong sulphuric acid and, as toxiferine-I picrate 
but not toxiferine-I chloride gives this colour, it is probable that the nitro-groups act as oxidising 
agents. 

Of the twelve alkaloids isolated from St. toxifera, only two—toxiferine-I chloride and 
toxiferine-II picrate—appear to have been isolated previously. None of the remaining ten 
alkaloids appears to be identical with any of the alkaloids isolated by Wieland and by Karrer 
(Helv. Chim. Acta, 1947, 30, 2085) and their collaborators from calabash-curare. The colour 
reactions, however, of the alkaloids from St. toxifera and of the alkaloids from calabash-curare 
and the analytical figures suggest a close relationship between the two groups of alkaloids. 
There is no evidence that the calabash-curares examined by Wieland or Karrer came from 
British Guiana where St. toxifera is known to be used in the preparation of such curare; on the 
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contrary the evidence points to Venezuela and Colombia as being the source of their curares, 
It is, however, significant that toxiferine-II picrate has been found in St. toxifera from British 
Guiana and in calabash-curare from Venezuela, and that the neutral substance C,,H,,0,N, 
has now been found in St. toxifera having first been found in calabash-curare from Venezuela, 
It is therefore certain that Strychnos species are used in the preparation of the calabash-curares 
from Venezuela and Colombia, for toxiferine-II and the neutral substance C,,H,,O,N, might 
very well occur in Sirychnos species other than St. toxifera. The alternative that the calabash- 
curare alkaloids so far isolated have come from Si. toxifera and have undergone some change in 
the native method of preparation of the poison cannot lightly be dismissed as there is evidence 
that toxiferine-I chloride can undergo change when kept in solution. A further unknown 
factor is the strong alkalinity of Brockmann’s alumina and its effect on these alkaloids. The 
early acetone percolates from such alumina columns were found to contain triacetone dialcohol, 
HO-CMe,°CH,*CO*CH,*CMe,°OH, m. p. 57°, produced by trimerisation of the acetone. 


45 








250 300 
Xr, MM. 
A = Toxiferine-I chloride. 
B = Toxtferine-I II chloride. 








The absorption spectra of toxiferine-I chloride and toxiferine-III chloride have been 
determined in water (see figure). The curve for the former agrees very well with that given 
by Wieland, Bahr, and Witkop. 

The present communication throws very little light on the chemical structure of these 
alkaloids. Their colour reactions suggest that they are all indole derivatives, possibly derived 
biogenetically from tryptophan and retaining the spatial distribution of the two nitrogen atoms 
of tryptamine. The non-quaternary nitrogen atom is non-basic and is probably the indole- 
nitrogen atom. This communication does, however, throw considerable light on the formidable 
problem involved in the isolation of this complex mixture of quaternary alkaloids, which only 
represent a less soluble fraction of the total alkaloids present, on a sufficient scale for their 
further study. 

I am indebted to Dr. W. D. M. Paton for a preliminary determination of the approximate 
paralysing activities of 8 out of 12 of the quaternary alkaloids isolated from Strychnos toxifera. 
Toxiferines-I and -III were examined as chlorides, the remainder as picrates by dissolving 3 mg. 
of each in 10 c.c. of aqueous acetone (water : acetone = 2: 8) and then diluting the solution 
with saline as required. No correction has been applied for the differing molecular weights of 
the anionic components. 
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Frog test E.D..,* yg-/kg. Rabbit head drop test, mg./kg. 
7-5 0-011 


* E.D.,, = Dose effective in paralysing the righting reflex in 50% of the animals. 


It will be observed that toxiferines-I, -VI and -XI are of approximately equal potency; on 


the basis of the frog test these alkaloids are about 200 times as active as dextrotubocurarine 
chloride. 


EXPERIMENTAL, 


Strychnos toxifera bark (5-6 kg.) was allowed to soak in methyl alcohol (6 1.) and then transferred to 
4 large glass percolators, and methyl alcohol was allowed to percolate slowly through the mixture until 
the alkaloidal reaction of the percolate was very weak. The total percolate (10 1.) was concentrated 
under reduced pressure to about 1 1., whereafter water (1 1.) was added and the remaining methyl] alcohol 
removed. Water (5 1.) was then added to extract the alkaloids from the fat and resins, which were 
precipitated, and after some hours the aqueous solution was decanted and the residual fat and resin 
were extracted with 2 further small portions of water. Finally ether and water were added to the 
fat, and the aqueous portion was separated. The total aqueous extract was concentrated at 50° to 
3-7 1., treated with saturated ammonium reineckate solution (3-5 1.), and kept for 24 hours for the 

recipitate to become granular. The solid was collected, washed, and dried in a vacuum; yield, 131 g. 

his was treated with acetone (1310 c.c.) and after a few hours the insoluble reineckates (21 g.) were 
removed by filtration. The acetone solution (about 1800 c.c.) was transferred to a 12-l. flask fitted 
with a stirrer, and 8 1. of water at 70° were run in rapidly in a thin stream. When cold the precipitated 
amorphous solid (38 g.) was collected, dried in a vacuum, redissolved in acetone (380 c.c.), stirred, and 
treated in a similar way with water (2375 c.c.) warmed to 70°. The precipitated gum (28 g.) was 
collected after being kept overnight, and dried. The precipitation process was repeated once more, 
giving finally 23-5 g. of dried reineckates. The various mother-liquors were concentrated below 50°, 
and 102 g. of crude reineckates were recovered for future examination. 

Chromatography.—A column (49 x 4 cm.) containing 700 g. of Brockmann’s alumina wetted with 
500 c.c. of acetone was prepared, the alkaloidal reineckates (23-5 g.) in acetone (1970 c.c.) were run 
through, and the column was developed with acetone (1250 c.c.) which gave four broad zones. The 
uppermost zone (A) was brownish, the second and longest (B) cream-coloured, the third (C) yellow, and 
the bottom (D) cream-coloured. These probably correspond to the zones 4, 3, 2b and 2a in the diagram 
of Wieland, Bahr, and Witkop (Amnalen, 1941, 547, 174). The cream colour of B and D is superficial 
and caused by daylight, the interior of these bands being rose-coloured as recorded by these workers. 
From this column the least adsorbed percolate was yellow and this was followed by a rose-coloured 
solution. The percolate was collected in a series of flasks in approx. 200-c.c. batches, the first percolate 
being deep yellow, the second orange-yellow, and the remainder rosy. 


A second column of similar size was then prepared and shielded by a black — collar from direct 


daylight to prevent superficial bleaching of the bands. The contents of the ks containing the 
percolates from the first column were then put through in sequence and the column developed with 
625 c.c. of acetone. As before, the percolate was collected in approx. 200-c.c. portions in a series of 
flasks, the first four being pure yellow in colour, and the fifth containing yellow and red components, 
whilst the sixth—ninth percolates were rose-coloured only. Inspection by artificial light showed that at 
this stage the lowest roseate band had completely passed through the column. The second column 
now showed a very complex appearance, eleven bands being visible, their position and colour from 
the top downwards being (xi) brown, (x) pink, (ix) deep cream, (viii) pink, (vii) deep cream, (vi) yellow, 
(v) pink, (iv) yellow, (iii) pink, (ii) deep yellow, and (i) yellow. 

The fifth dask of percolate containing red and yellow components was separated into its yellow and 
its red components by percolation through a third, smaller column containing 250 g. of alumina. Only 
traces of material were left on the column after development. The yellow percolates, Y, were all 
combined, and the rosy percolates, R, similarly combined. 

The columns were then sectioned; the first gave four fractions A—D, the second gave 
eleven fractions xi—i, and the non-adsorbed material was contained in fractions Rand Y. Each band 
was then eluted first with acetone, then with methyl alcohol and finally with water, the solvents 
were removed and the residues converted in each case into chloride by treatment in succession 
by Kapfhammer’s process with excess of silver sulphate solution and exactly with barium chloride 
solution to remove silver and sulphate ions. Each solution was then taken to dryness, weighed, and 
warmed with absolute ethyl alcohol and then filtered from inorganic chlorides, mainly sodium chloride 
which arises from the high alkali content of Brockmann’s alumina. Each of the 15 fractions was then 
kept in a small volume of absolute alcohol in a sealed vessel, but only fractions D and R deposited 
crystalline alkaloidal chlorides. D corresponds to the band 2a from which Wieland, Bahr, and Witkop 
isolated toxiferine-I chloride. 

After separation of these two crystalline alkaloidal chlorides, each alcoholic solution was evaporated 
to dryness, the residue dissolved in water, and excess of sodium picrate solution added. The amorphous 
picrates were dried in each case and weighed. The isolation of crystalline picrates from these fractions 
was a laborious process. The behaviour of each fraction was as follows. 
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Fraction A (1-74 g., as chloride) contained 0-27 g. of sodium chloride and gave an amorphous picrate 
{1-81 g.). This was boiled with acetone (15 c.c.), a gum remaining insoluble from which nothin 
crystalline could be isolated by a variety of procedures. The main acetone solution did not crystallise 
on dilution with water (5 c.c.) and was added with agitation to water (400 c.c.) warmed to 70°. When 
the solution had cooled nearly to room temperature, the amorphous precipitate was collected on a fluted 
paper, and the filtrate kept so that acetone could slowly evaporate. On prolonged storage a crystalline 
picrate grew on the walls of the flask in streaks (0-1992 g.). This was dissolved in boiling 90% aqueous 
acetone (8 c.c.) with difficulty, but when it was in solution a portion (4-5 c.c.) of the acetone was distilled 
off and the liquor straight-way deposited minute needles of toxiferine-IV picrate, m. p. 230° (60 mg.), 
The mother-liquors gave a second crop of the same salt which was incorporated in fraction B (see below, 
where the properties of toxiferine-IV chloride are given). No other crystalline picrate was obtained 
from fraction A. 

Fraction B (3-625 g., as chloride) gave 1-026 g. of sodium chloride on dissolution in absolute alcohol; 
the yield of picrate was 1-52 g. This picrate was warmed with acetone (15 c.c.), leaving an insoluble 
picrate (90 mg.) which on dissolution in 90% acetone (6 c.c.) deposited minute needles of toxiferine-IV 
picrate, m. p. 225—235° (76 mg.). The main acetone mother-liquor was poured with agitation into 
water (200 c.c.) at 70°, and just before the temperature of the solution had reached room temperature it 
was filtered as described above and the solution kept. The filtered solid was redissolved in a small 
volume of acetone and again poured into water (200 c.c.) at 70°, and this process repeated twice more. 
In this way 4 filtrates containing a low concentration of acetone were obtained; on long storage, the 
first three deposited a crystalline picrate in nodules or streaks on the walls of the flasks similar in growth 
toamould. Thecrystalline solid (0-366 g.) was collected and dissolved in 90% acetone (20 c.c.), anda 
portion of the acetone (7 c.c.) distilled off. Toxiferine-IV picrate (0-186 g.) separated in very small 
needles, m. p. 234°. This was mixed with the toxiferine-1V picrate (60 mg.) from fraction A and 
recrystallised from 90% acetone (20 c.c.), some acetone being distilled off after dissolution was effected. 
Toxiferine-IV picrate crystallised in chrome-yellow minute glistening flat needles (0-136 g.), m. p. 
238—239° (Found: C, 54:5; H, 4-8; N, 11-7. C,,H,,0O,N,,C,H,O,N,; requires C, 54-1; H, 4:9; N 
11-7%). 

The acetone mother-liquors which had given the crop of picrate weighing 186 mg. deposited, 
on storage, a clearly-defined mixture of red needles (20 mg.) and yellow needles in balls (48 mg.). The 
latter were clearly toxiferine-IV picrate and on crystallisation from the mother-liquor of the purest 
material gave a further 100 mg. of toxiferine-IV picrate, m. p. 232°. The red needles (20 mg.) were 
crystallised from 90% acetone (2 c.c.) and separated in characteristic bronze-coloured needles or leafiets 
(11-1 mg.), m. p. 270° (decomp.). This is named toxiferine-V picrate (Found: C, 55-4; H, 4-9; N, 11-9. 
C,,H,,0,N,,C,H,O,N;, requires C, 55-5; H, 5-0; N, 12-0%). 

Fraction C (1-186 g., as chloride) contained sodium chloride (0-29 g.) and gave an amorphous picrate 
(1-03 g.). This was dissolved in acetone (15 c.c.) ; on storage the solution deposited an anisotropic granular 
solid in small] quantity, unmelted at 300°. It was boiled with water (25 c.c.) in which it was very sparingly 
soluble, and the insoluble solid (10 mg.) collected. The aqueous filtrate was concentrated and deposited 
microscopic plates, trapezoidal in shape. The colour reactions and melting-point behaviour of the 
two fractions were the same. There was insufficient of the plates for analysis. As this salt is different 
from the toxiferine-II picrate recorded by Wieland, Bahr, and Witkop which should occur in this 
fraction, it is called toxiferine-VI picrate (Found: C, 53-4; H, 4:5; N, 11-4. C,,H,,0,N,,C,H,O,N, 
requires C, 52-9; H, 4-4; N, 11-4%). The high m. p. however suggests greater complexity than this 
formula indicates. . 

The original acetone mother-liquor was poured with agitation into 300 c.c. of water at 70°, and 
filtered from amorphous matter when the temperature had almost fallen to room temperature, and the 
filtrate kept. The amorphous solid was dissolved in acetone, the solution poured into 300 c.c. of water 
at 70°, the precipitated solid collected when the solution had cooled, and the whole process repeated 
once more. On long storage the first two filtrates deposited nodular crystals (88 mg.) which were 
collected and dissolved in 90% aqueous acetone, and some acetone was distilled off. A picrate separated 
in compact crystals (11 mg.) in nodular form, m. p. 200° (decomp.; after sintering) (Found: C, 53-8; 
H, 5-2; N, 12-3. Calc. for Co9Hsg0,N,,C,H,O,N;: C, 54-4; H, 5-4; N,12-2%). It is possible that this 
picrate is a slightly impure form of toxiferine-II picrate described by Wieland, Bahr, and Witkop. 
These authors found toxiferine-II in this fraction of the chromatogram and give a m. p. 216° and evidence 
in favour of a formula C,,H,,ON,,C,H,O,N;,2H,O. Both salts give a carmine colour with nitric 
acid. 

Fraction D (0-96 g., as chloride) gave 0-16 g. of sodium chloride on dissolution in absolute acohol. 
The alcoholic mother-liquor on concentration readily deposited needles (0:15 g.) which on 
recrystallisation from absolute alcohol (7 c.c.) gave toxiferine-I chloride (0-105 g.) (Found, on air-dried 
solid: C, 60-5; H, 8-0; N, 7-1. Calc. for Cy.H,,ON,CI,3H,O: C, 60-5; H, 7-4; N, 7-1%. Drying at 
100° removed only a portion of the water. Found: loss, 5-8. Calc. for C,,.H,,ON,C1,3H,O, losing 
15 H,O: H,O,6-8%. Found, on solid dried at 100°: C, 65-4; H, 6-8. Calc. for C,,H,,ON,Cl,1-5H,0O : 
C, 64-9; H, 7-1%). Wieland and his collaborators describe this salt as a dihydrate, losing all its water 
of crystallisation at 80° in a vacuum. A portion of this salt (12 mg.) gave an amorphous picrate on 
precipitation with sodium picrate solution. This derivative was dried and crystallised from 90% 
aqueous acetone by boiling off some of the acetone, and separated in glistening elongated leaflets 
(14-3 mg.), m. p. 278—280° (decomp.). Wieland, Bahr, and Witkop record m. p. 270° and publish a 
photograph of the crystals with which the above preparation is in agreement. Toxiferine-1 chloride 
gives a brownish-green colour with strong nitric acid and dissolves in concentrated sulphuric acid to a 
colourless solution, in agreement with the observations of Wieland. On the other hand, with dichromate 
in 50% sulphuric acid toxiferine-I chloride gives an intense bluish-purple colour, whereas Wieland and 
his collaborators find that it gives a carmine colour. 

The final alcoholic recrystallisation mother-liquor of toxiferine-I chloride was evaporated to dryness 
at <40°, the residue dissolved in water, and sodium picrate solution added. The amorphous picrate 
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(80 mg.) was crystallised from aqueous acetone. It separated in microscopic triangular plates (11 mg.), 
unmelted at 308° (Found: C, 58-0; H, 4-6; N, 12-6. C,,H,,O,N,,C,H,N,O, requires C, 57-3; H, 
4:8; N, 12-4%). By careful working through of the mother-liquors another preparation, microscopic 
lates in clusters (14-8 mg.), unchanged at 300°, was obtained (Found: C, 57-3; H, 5-6; N, 12-5%). 
th crops gave the same colour reactions—a rosy solution with strong nitric acid, a very pale straw- 
coloured solution in strong sulphuric acid, and an intense purple, changing to a redder shade, with 
dichromate in 50% sulphuric acid. The facts that the picrate is unmelted at 300° and that it came 
from a solution which should have given toxiferine-I picrate suggests that the toxiferine-I 
might have polymerised with loss of water and possibly formation of an ether link. The 
formula Cy.H,,ON,,2C,H,O,N;,2H,O (requiring C, 57-3; H, 4:8; and N, 12-9%) would also fit the 
analyses of both preparations. This picrate is named toxiferine-VII picrate. 

That toxiferine-1 chloride is changeable is supported by the following observation. The original 
alcoholic mother-liquor which gave toxiferine-I chloride was concentrated and when cold deposited a 
further crop of needles identical in appearance with the previous crop of toxiferine-I chloride. The 
flask was sealed with an air-tight glass stopper and, when kept for some weeks, the needles slowly 
dissolved. The alcohol was removed, the residue dissolved in water, and sodium picrate solution added. 
The amorphous picrate (0-5 g.) was dissolved in hot aqueous acetone, and eventually compact clusters 
of a crystalline picrate (19 mg.) were obtained, unmelted at 310° (Found: C, 55-6; H, 4-5; N, 13-6%). 
The colour reactions (rose to carmine with nitric acid, bluish-purple passing to carmine with dichromate 
in 50% sulphuric acid, and straw-coloured in strong sulphuric acid) resembled those of toxiferine-VII 
picrate, but the analytical figures show a considerable discrepancy. The amount of material available 
precluded further purification. 

Column 2. Fractions xi—i. Each of these fractions was freed from alcohol-insoluble material, 
mainly sodium chloride, and the residues were converted into picrates, all of which were amorphous at 
first. Each fraction was separately dissolved in hot acetone and kept. Those which did not crystallise 
were treated with a little water, and the acetone was then allowed to evaporate off very slowly at room 
temperature. Fractions viii—v yielded no crystalline material. 

Fractions xi—ix on slow evaporation deposited a crystalline picrate in pale yellow nodular forms. 
As they seemed to be identical they were combined (yield, 61 mg.). They were dissolved in boiling 90% 
aqueous acetone, and a portion of the acetone was boiled off. When the solution was then kept, 
toxiferine-VIII picrate se in balls of needles (41 mg.), unmelted at 300° (Found: C, 57-3; H, 
4-8; N, 11-8. C,,H,,0O,;N,,CgH,O,N; requires C, 56-6; H, 4:6; N, 11-8%). The colour reactions are 


recorded in the table. The high melting point of the picrate suggests a more complex structure, 
possibly a double molecule. As fractions xi—ix are adjacent to fraction D of the first column, it is 
possible that this picrate is a purer form of the second high-melting picrate found in fraction D. 
Fractions iv—i. These fractions, as picrates, when dissolved in pure acetone deposited microscopic 
crystals, the amount from fractions iv—ii being very small, whilst that from i amounted to 37-7 mg. 
This was boiled with acetone but remained insoluble and, as it is clearly distinct from any of the 


previously described salts, is named toxiferine-IX picrate. It was unmelted at 300° and showed the 
colour reactions recorded in the table (Found: C, 56-9; H, 4-8; N, 11-5. (C,3;H,,O;N,,C,H,O,N, 
requires C, 57-3; H, 4-8; N, 11-5%). The high m. p. and insolubility in boiling acetone again suggest 
a more complex structure. 

The filtrates of fractions iv—i were each treated with a little water and allowed to evaporate very 
slowly at room temperature. Each deposited a picrate in nodular form. As they were similar in 
appearance they were combined, dissolved in boiling 90% acetone in which they were slow to dissolve, 
and on long storage the solution deposited a picrate (3 mg.) as clusters of plates each shaped like an 
isosceles triangle. There was insufficient for analysis. Nitric acid gave a carmine solution, sulphuric 
acid no colour, whilst the Otto-Wieland reagent gave an intense bluish-purple tending to become 
redder. 

Fraction R. This roseate solution, obtained from the development of column 3, on removal of the 
acetone and conversion into chloride, left a syrup (6-85 g.). This was dissolved in absolute alcohol and 
deposited inorganic salts (60 mg.). The alcohol was removed and the syrupy residue extracted with 
dry ether which removed a liquid (2-2 g.) which, when kept, gradually crystallised in large plates. 
These were recrystallised from low-boiling light petroleum and separated in long needles, m. p. 59° 
(Found: C, 61-5; 61-9; H, 9-6, 9-8. Calc. for C,H,,0,: C, 62-0; H, 10-4%). It was identified as 
triacetone dialcohol. It had evidently been formed by the catalytic effect of the alkali in Brock- 
mann alumina on the acetone. D.R.-P. 481,290 describes triacetone dialcohol, m. p. 57°, as 
being produced by the action of solid alkali hydroxides on a mixture of acetone and diacetone 
alcohol. 

Hesse, Reicheneder, and Eysenbach (Annalen, 1938, 587, 67) describe the formation of diacetone 
alcohol when using acetone as the solvent with alumina columns, and this was confirmed by Karrer and 
Schmid (Helv. Chim. Acta, 1946, 29, 1862), but the above seems to be the first recorded production of 
the symmetrical condensation product. Possibly a catalytic process for production of triacetone 
dialcohol could be based on these observations. 

The residue insoluble in dry ether was dissolved in a small volume of absolute alcohol, and on storage 
the solution slowly deposited a crust of minute plates or needles. These were collected (0-118 g.) and 
crystallised from a small volume of water from which toxiferine-III chloride separated in clear tablets 
(88 mg.), m. p. 285° (decomp.) (Found, on air-dry solid: C, 60-5; H, 8-2; N, 7:1%; loss at 100°, 11-2. 
C.9H,,ON,C1,3H,O requires C, 59-9; H, 8-3; N, 7-0; 3H,O, 11-7%). The analytical figures correspand 
to a tetrahydrotoxiferine-I chloride but there is no other supporting evidence. A portion of pure 
toxiferine-III chloride in water was SS with sodium picrate solution to yield an amorphous 
picrate; all attempts to crystallise this failed. However, the aqueous mother-liquor from the final 
recrystallisation of toxiferine-III chloride on precipitation with sodium picrate solution gave an 
amorphous picrate (26 mg.) which on dissolution in aqueous acetone deposited needles, but insufficient 
for characterisation. 





3270 King: Curare Alkaloids. Part X. 


The original alcoholic mother-liquor from toxiferine-III chloride was evaporated to dryness, and the 
residue dissolved in water and converted into the picrate (3-95 g.). This failed to crystallise from 
aqueous acetone in the usual way but two new picrates were eventually obtained by the following 
process. The acetone solution was poured into 50 c.c. of water, heated to 70° with swirling of the 
contents, and when nearly cool was filtered on a fluted pene. and the filtrate R, kept. The contents 
of the fluted paper were dissolved in 20 c.c. of acetone and added to 200 c.c. of water at 70° with swirling. 
When nearly cool the solution was filtered as before and the filtrate R, kept. This process was repeated 
six more times, the volume of water for the last three treatments being raised to 400 c.c. each. In this 
way the solid filtered off on the final fluted paper was a fine powder from which all readily soluble 
picrates had been removed. It was dried (0-54 g.) and dissolved in aqueous acetone; crystals were 
gradually deposited and after two more crystallisations from aqueous acetone separated in fine needles 
growing in tufts (16 mg.). When heated it charred from 255° upwards and exploded at about 268°, 

oxiferine-X picrate has distinctive properties (Found: C, 59-2; H, 5-0; N, 13-9. C,sH,,N,,C,H,O,N, 
requires C, 59-2; H, 5-0; N, 13-89%). 

The eight aqueous acetone solutions, on storage in conical flasks exposed to the air, slowly lost 
acetone and solutions R, to R, all deposited orange needles together with some amorphous matter, 
These deposits were crystallised twice from aqueous acetone and gave toxiferine-XI picrate (53 mg.), 
m. P. 277°, which crystallised in orange-coloured thin pointed blades (Found: C, 58-3; H, 5-3; N, 12-7, 
C,,H,,ON,,C,H,O,N; requires C, 58-8; H, 5-3; N, 12-7%). The colour reactions of this salt are highly 
characteristic except that they resemble those of toxiferine-V picrate. On admixture of the two there 
was no definite lowering of m. p. As these two salts originate from widely different bands and analytical 
figures show a wide divergence they are regarded as different substances, and this view is supported by 
their relative curarising activities. Toxiferine-XI picrate also resembles toxiferine-I picrate in its 
colour reactions, biological activity, melting point, and appearance. As they are concentrated in 
widely differing parts of the chromatographic columns, toxiferine-XI reineckate having very little 
affinity for the alumina, they must for the present be regarded as different substances. 

Fraction Y. This yellow acetone solution represents the least adsorbable components of the 
columns. After conversion of the salts into chloride and removal of sodium chloride, a syrup (0-98 g.) 
was left from which dry ether removed a liquid which gradually crystallised almost completely, to give 
triacetone dialcohol. The ether-insoluble residue (0-43 g.) was converted eventually into picrate 
(0-4 g.). It dissolved immediately in acetone and straightway crystallised (0-11 g.). It was 
recrystallised from boiling 90% aqueous acetone and separated in orange needles or flattened prisms 
with striations (70 mg.). As this salt differs from the previous fractions it is called toxiferine-XII picrate. 
When heated it darkens at about 230° but is unmelted at 333°. The mother-liquors gave a further 
17 mg. which gave similar analytical figures to those given by the first crop (Found, on first crop dried 
at 100°: C, 59-0, 58-5; H, 4-7, 4-9; N, 13-4. On second crop: C, 59-1, 58-8; H, 5-3, 5-0; N, 13-6. 
Cy9H,gON,,2C,H,O,N, requires C, 58-7; H, 4:8; N, 13-4%). It is difficult to fit the analytical figures 
to a molecular size comparable with toxiferine-I, i.e., a Cy) or closely similar unit; the high m. p. and 
insolubility in pure acetone suggest a more complex or double structure. 

ies a Reineckates from 465 g. of St. toxifera Bark.—A preliminary experiment on 6-2 g. 
of alkaloid reineckates from 465 g. of St. toxifera bark using a 48 x 3-cm. column of Brockmann’s 
alumina (320 g.) gave a series of bands and a yellow percolate, very similar to the distribution shown in 
the diagram of Wieland, Bahr, and Witkop (Annalen, 1941, 547, 174). In the light of the findings of 
the larger-scale experiment described above, toxiferine-IV picrate was isolated from the second band 
from the top of the column, toxiferine-VI and toxiferine-I picrate from the third band, and toxiferine-XI 
from the percolate. None was obtained sufficiently pure for analysis. However, from the fifth band, 
a substance sparingly soluble in alcohol was obtained which was then crystallised from water and 
separated in needles (34-9 mg.), m. p. 292° (decomp.)"(Found: C, 68-2; H, 6-4; N, 11-3. Calc. for 
C,,H,;0,N,: C, 68-7; H, 6-8; N, 11-4%). With nitric acid it gave a bright yellow solution. The 
substance seems to be identical with the by-product of the same formula isolated by Wieland, Bahr, and 
Witkop (loc. cit.) from a similar position on an alumina column used for examining the alkaloids of a 
calabash-curare from Caracas, Venezuela. 

Fractional Precipitation of the Alkaloids of St. toxifera with Sodium Picrate Solution.—The alkaloidal 
chlorides (12-56 g.) from 2-8 kg. of St. toxifera bark were prepared through the reineckates (19-9 g.) in 
the usual way and dissolved in 20 volumes of water and fractionally precipitated, with vigorous stirring, 
by adding 10 successive portions each of 28 c.c. of saturated sodium picrate solution. The initial starting 
material had an activity on the rat’s diaphragm two-sevenths that of dextrotubocurarine chloride, 
according to Dr. B. D. Burns of this Institute. Each picrate fraction when dry was treated with pure 
acetone, the earlier fractions containing picrates, to the extent of 20—40%, insoluble in acetone. These 
have not been examined further. Each picrate solution was then added to about 10 volumes of water 
at 80°, the precipitated solid in each case being collected on a fluted filter paper before the solution was 
cold and then redissolved in a little acetone, and the process repeated until very little precipitable 
material was left. On long storage the filtrates slowly lost acetone, and crystalline material in the form 
of either reddish needles or very pale nodules separated from many of the fractions. A number of 
these fractions containing crystalline material of similar appearance, viz., needles with a certain amount 
of amorphous matter, were collected (yield 0-73 g.). This material was dissolved in acetone (30 c.c.) 
and poured into water (300 c.c.) at 80°. After removal of a little amorphous precipitate when the 
temperature of the solution had fallen to 25°, the filtrate was kept and slowly deposited reddish-orange 
leaflets (0-1 g.). These were crystallised from 1 c.c. of 90% acetone with removal of some of the acetone 
by boiling, and gave crude toxiferine-V picrate, decomposing about 250°. Its identity was confirmed 
by direct comparison with toxiferine-V picrate described earlier. Characteristic was the reaction with 
strong nitric acid—a deep-green flash becoming a brownish-orange—and the pure blue colour produced 
by solution in strong sulphuric acid. 

As chromatography revealed the presence of more than 12 alkaloids the fractionation of the picrates 
was not continued, but there is no doubt that other toxiferines could be isolated in a similar way and 
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that the unknown effect of the alkali contained in Brockmann’s alumina on these substances could be 
thus avoided. 


I am greatly indebted to Mr. C. Swabey, Conservator of Forests, British Guiana, and to 
Mr. D. B. Fanshawe, Assistant Conservator of lle for ample supplies of St. toxifera bark. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HaAmMpPpstTEaD, N.W.3. (Received, August 29th, 1949.] 





685. Purpurogallin. Part II. Synthesis of Purpurogallone. 
By Rosert D. Hawortu, Barry P. Moore, and PETER L. Pauson. 


Methods for the preparation of substituted 1- monies acids suitable for the synthesis of 
purpurogallone (I; R= R’=H) have been examined HD have bean trimethyl ether 
(I; R= Me, R’ = H) and purpurogallone (I; R= R’ = ve been synthesised from 


B-(3 : 4: 5- ey peers propionic acid a (VD). aibpabatons “‘octamethyl ether” 
(II; R= R’= has also been synthesised 


PERKIN AND STEVEN (J., 1903, 83, 192) obtained a mixture of purpurogallone and isopurpuro- 
gallone by heating purpurogallin with concentrated potassium hydroxide solution. In a 
later paper (J., 1912, 101, 803) Perkin showed that purpurogallone (C,,H,O,) was a phenolic 
carboxylic acid yielding an ethyl ester with alcoholic hydrogen chloride, and methyl 
purpurogallone trimethyl ether with methyl sulphate and sodium hydroxide. The action of 
alcoholic potassium hydroxide at 160—170° on purpurogallin trimethyl] ether yielded a purpuro- 
gallone dimethyl ether, which gave (a) a lactonic anhydro-derivative with acetic anhydride and 
(b) the methyl purpurogallone trimethyl ether with methyl sulphate and sodium hydroxide. 
Formule (I; R= R’ =H), (I; R= R’= Me), and (II; R= Me) were suggested for 
purpurogallone, methyl purpurogallone trimethyl ether, and the lactonic anhydro-derivative 
respectively, and isopurpurogallone was regarded as the hexahydroxydinaphthyldicarboxylic 
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acid (III; R= R’=H). Willstatter and Heiss (Amnalen, 1923, 433, 17) suggested that 
purpurogallone arose by a benzilic acid rearrangement, and a similar explanation was advanced 
in Part I of this series (J., 1948, 1045), although the phenylcyclopentadienolone structure for 
purpurogallin suggested by Willstatter and Heiss was rejected in favour of the benzcyclo- 
heptatrienolone structure (IV; R = H). 

Experiments aiming at the synthesis of purpurogallone were initiated at an early stage of 
our researches on purpurogallin, but unexpected difficulties were encountered, and the complete 
solution of this section of the problem has been considerably delayed. In the first place we 
found the preparation of purpurogallone (I; R= R’=H) from purpurogallin to be 
unsatisfactory : the product consisted largely of isopurpurogallone (III; R= R’ = H), from 
which a small amount of purpurogallone could be separated as its diacetylanhydro-derivative 
(II; R = Ac), but Perkin’s yields could not be approached either by the method described by 
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him or by slight modifications. Better results were, however, obtained by treating purpuro- 
gallin trimethyl] ether with potassium hydroxide as described by Perkin (/oc. cit.); although the 
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purification of the dimethyl ether (V)* of purpurogallone was difficult, methylation of the crude 
material afforded methyl purpurogallone trimethyl ether (I; R = R’ = Me) in fair yield, ang 
the hydrolysis to purpurogallone trimethyl ether (I; R = Me; R’ = H) proceeded readily with 
sodium hydroxide solution. 

Price et al. (J. Amer. Chem. Soc., 1941, 68, 1857; 1942, 64, 2136; 1947, 69, 2261) have 
prepared a number of a-naphthoic acids by condensation of furoic acid or its methyl ester with 
benzene, toluene, anisole, or chlorobenzene in the presence of aluminium chloride, and it was 
hoped that the use of 1 : 2 : 3-trimethoxybenzene might provide a synthesis of purpurogallone 
trimethyl ether, possibly together with the isomeric 5: 6: 7-trimethoxynaphthalene-1- 
carboxylic acid (XVI; R= Me). Although we have repeated the American work with anisole 
and also prepared 6-hydroxynaphthoic acid from phenol and furoic acid, the method failed 
completely with 1 : 2 : 3-trimethoxybenzene, pyrogallol, veratrole, and guaiacol. 

For most synthetic routes @-(3 : 4 : 5-trimethoxybenzoyl)propionic acid (VI) was required, 
and this was obtained from ethyl 3: 4: 5-trimethoxybenzoylacetate and ethyl bromoacetate, 
The directions given by Haworth, Richardson, and Sheldrick (J., 1935, 1580) gave erratic 
yields, but consistently good results are obtained by the slightly modified process described in 
the Experimental section. Reduction of the keto-acid (VI) to y-(3 :'4: 5-trimethoxyphenyl)- 
butyric acid (VII) was effected on a small scale either by Clemmensen reduction or by Minlon’s 
modification of the Wolff—Kishner reduction, but on a larger scale both gave variable 
and frequently quite poor yields. Satisfactory reduction was realised by the employment of 
milder conditions for the Wolff—Kishner reduction; the keto-acid (VI) was converted into its 
hydrazone, which was isolated as a molecular compound of the normal hydrazone and the 
anhydro-derivative (VIII) and reduced smoothly to (VII) by boiling with 28% alcoholic sodium 
ethoxide. 
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Reaction of y-(3: 4: 5-trimethoxyphenyl)butyryl chloride with hydrogen cyanide and 
pyridine (Claisen, Ber., 1898, 31, 1024; Mauthner, ibid., 1908, 41, 921; 1909, 42, 188) appeared 
to offer an approach to purpurogallone trimethyl ether, but tar formation and cyclisation of 
the acid chloride interfered. Ethyl y-(3 : 4 : 5-trimethoxyphenyl)butyrate reacted readily with 
ethyl oxalate in the presence of potassium ethoxide to yield diethyl 1-keto-4-(3 : 4: 5-tri- 
methoxyphenyl)butane-1 : 2-dicarboxylate (IX; R = CO,Et) as a crude oil, which we hoped 
to convert into ethyl 1-keto-4-(3 : 4 : 5-trimethoxyphenyl)butane-l-carboxylate (IX; R= H). 
Unfortunately, alkaline hydrolysis of (IX; R = CO,Et) gave y-(3: 4: 5-trimethoxypheny))- 
butyric acid, and the lowest concentration of sulphuric acid (18%) which had any effect caused 
ring closure to diethyl 6:17: 8-trimethoxy-3 : 4-dihydronaphthalene-1 : 2-dicarboxylate (X; 
R= R’ = Et). Treatment of this diethyl ester (X; R = R’ = Et) with methanolic potassium 
hydroxide hydrolysed one ester group, but we failed to decarboxylate the half-ester, which is 
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probably 1-carbethoxy-6 : 7 : 8-trimethoxy-3 : 4-dihydronaphthalene-2-carboxylic acid (X; R= 
Et; R’=H). Accordingly, an attempt was made to dehydrogenate and decarboxylate this 
half-ester in one operation, but heating it with sulphur or palladium-black resulted in the 
simultaneous elimination of ethyl alcohol with the formation of 6 : 7 : 8-trimethoxynaphthalene- 
1 : 2-dicarboxylic anhydride (XI; R= Me). This stable yellow anhydride was demethylated 
with hydriodic acid, but the resultant red 6: 7 : 8-trihydroxynaphthalene-1 : 2-dicarboxylic 
anhydride (XI; R =H) resisted partial decarboxylation although its colour reactions with 

* The formation of the lactonic anhydro-derivative establishes the structure (V) for purpurogallone 
dimethyl ether, m. p. 197—199°. Purpurogallin trimethyl ether, m. p. 176°, must consequently have 


structure (IV; R = Me) as its hydroxyl group. has been shown to be in the benzene ring by the 
production of a phenolic tetrahydro-derivative (Part I, loc. cit., p. 1047). 
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alkali and ferric chloride resembled very closely those exhibited by purpurogallone under 
similar conditions. 

At this stage it was decided to carry out further exploratory experiments with y-(2 : 3: 4- 
trimethoxyphenyl)butyric acid, which was more accessible than the isomeric acid (VII) used 
above. 1:2: 3-Trimethoxybenzene and succinic anhydride reacted in the presence of 
aluminium chloride to yield $-(2-hydroxy-3 : 4-dimethoxybenzoyl)propionic acid (Mitter and 
De, J. Indian Chem. Soc., 1939, 16, 35), which was reduced to y-(2-hydroxy-3 : 4-dimethoxy- 
phenyl)butyric acid as described by the Indian chemists and then cyclised by 92% sulphuric 
acid to 5-hydroxy-1-keto-6 : 7-dimethoxy-1 : 2: 3: 4-tetrahydronaphthalene (XII; R= H). 
The position of the free hydroxyl group in these compounds, assumed by Mitter and De 
(loc. cit.), was demonstrated by Manske and Holmes (J. Amer. Chem. Soc., 1945, 67, 97) by 
ethylation of the cyclic ketone (XII; R= H) and subsequent oxidation. The extensive 
demethylation occurring in the Friedel-Crafts reaction contrasts forcibly with the very slight 
demethylation occurring during the condensation of 1: 2: 3-trimethoxybenzene with glutaric 
anhydride * (Part I, Joc. cit.). Both @-(2-hydroxy-3 : 4-dimethoxybenzoyl)propionic acid and 
its Clemmensen reduction product resist methylation, but the cyclic ketone (XII; R = H) was 
readily converted into 1l-keto-5 : 6 : 7-trimethoxy-1 : 2:3: 4-tetrahydronaphthalene (XII; R= 
Me). It has been shown that 6-methoxy-1 : 2:3: 4-tetrahydronaphthalene is selectively 
oxidised by chromic acid to 1-keto-6-methoxy-1 : 2 : 3: 4-tetrahydronaphthalene (see Thomas 
and Nathan, J. Amer. Chem. Soc., 1948, 70, 331, who give references to earlier work), and it 
was hoped that reduction of the ketone (XII; R= Me) to 5:6: 7-trimethoxy-1:2:3: 4- 
tetrahydronaphthalene, followed by chromic acid oxidation, might provide a convenient route to 
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1-keto-6 : 7 : 8-trimethoxy-1 : 2 : 3 : 4-tetrahydronaphthalene (XIII). Reduction to the tetra- 
hydronaphthalene was readily accomplished, but oxidation was not selective and both ketones 
were shown to be present in the oxidation product by chromatographic separation of the 
2: 4-dinitrophenylhydrazones. As 1-keto-5: 6: 7-trimethoxy-1 : 2: 3 : 4-tetrahydronaphthalene 
(XII; R = Me) appeared to be formed in somewhat larger amount, presumably as a result of 
steric factors, this approach was abandoned. 

The readily available 1-keto-5 : 6: 7-trimethoxy-1 : 2: 3: 4-tetrahydronaphthalene (XII; 
R = Me) became the starting material for a number of experiments aiming at the introduction 
of a carboxyl group into position 1. A route via the carbinol and 1-halogeno-derivative was 
rapidly abandoned because the desired carbinol was too readily dehydrated, and 2: 3: 4-iri- 
methoxy-5 : 6-dihydronaphthalene was obtained by Ponndorf reduction. The ketone (XII; 
R = Me) was therefore treated with methylmagnesium iodide to give 1-hydroxy-5 : 6 : 7-tri- 
methoxy-1-methyl-1 : 2 : 3: 4-tetrahydronaphthalene (XIV). Dehydration of this compound with 
formic acid was accompanied by considerable polymerisation, and dehydrogenation of the 
resulting product with selenium at 310° or chloranil in boiling xylene (cf. Arnold and Collins, 
J. Amer. Chem. Soc., 1939, 61, 1407; 1940, 62, 983) gave only poor yields of 1 : 2 : 3-trimethoxy-5- 
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methylnaphthalene (XV). Good yields of (XV), however, were obtained by dehydrogenation of 
the carbinol (XIV), without prior dehydration, with palladium. The methoxylated ring of 
(XV) was oxidised more readily than the methyl group with selenium dioxide, and the product 
was identified as 3-methylphthalic acid, but the desired oxidation to 5 : 6 : 7-trimethoxynaphthoic 
acid (XVI; R= Me) was effected, though in yields of only 3—5%, by the use of potassium 
ferricyanide. Short boiling with hydriodic acid converted (XVI; R = Me) into 5: 6: 7-tri- 


_* In view of the work of Manske and Holmes (loc. cit.), there is little doubt that the demethylated 
acid obtained from this reaction is y-(2-hydroxy-3 : 4-dimethoxybenzoyl) butyric acid. 
108 
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hydroxynaphthoic acid (KVI; R=H), which gave a ¢riacetyl derivative (XVI; R = Ac), 
Preliminary attempts to carry out a glycidic ester condensation with the tetralone 
(XII; R = Me) or to condense it with acetylene in the presence of potassium ¢ert.-butoxide 
were unpromising, yielding much unchanged ketone and some tar in both cases, but by 
a Reformatsky reaction the tetralone (XII; R = Me) was readily converted into 5: 6: 7-i7i- 
methoxy-1 : 2: 3: 4-tetrahydro-\-naphthylideneacetic acid (XVII). Dehydrogenation of the ethyl 
ester of this acid (XVII) with palladium-charcoal yielded ethyl 5 : 6 : 7-trimethoxy-1-naphthyl- 
acetate (XVIII; R = Et), which gave the corresponding acid (XVIII; R = H) in dimorphons 
forms. Wieland degradation of this ester (XVIII; R = Et) proved unexpectedly difficult 
because the carbinol (XIX) obtained by the action of phenylmagnesium bromide resisted 
attempts at dehydration. This method of degradation was abandoned when it was found that 
ethyl 5: 6: 7-trimethoxy-l-naphthylacetate (KVIII; R = Et) was smoothly oxidised to the 
desired 5: 6: 7-trimethoxy-l-naphthoic acid (XVI; R = Me) by selenium dioxide at 140°, 
followed by treatment with alkaline hydrogen peroxide. 

Equipped with the above two routes for the synthesis of 1-naphthoic acid derivatives, we 
turned our attention once again to the less accessible y-(3 : 4 : 5-trimethoxypheny]) butyric 
acid (VII). Cyclisation of the acid was effected in 45% yield by the action of phosphoric oxide 
in boiling benzene, or in 60% yield by conversion with phosphorus pentachloride into the acid 
chloride which was then treated with stannic chloride in benzene. 1-Keto-6 : 7 : 8-trimethoxy- 
1:2:3: 4-tetrvahydronaphthalene (XIII) did not give a cyanohydrin, but it reacted with methyl- 
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magnesium iodide and the oily product yielded 1: 2: 3-trimethoxy-8-methylnaphthalene (XX) 
after dehydrogenation with palladium, but several unsuccessful attempts were made to oxidise 
this methylnaphthalene with potassium ferricyanide. The cyclic ketone (XIII) reacted 
smoothly with ethyl bromoacetate and zinc, yielding 6 : 7 : 8-trimethoxy-1 : 2 : 3 : 4-tetrahydro-1- 
naphthylideneacetic acid (KXI; R =H), the methyl ester of which was dehydrogenated with 
palladium to 6 : 7 : 8-trimethoxy-1-naphthylacetic acid (XXII; R = H) and a small quantity of 
1: 2: 3-trimethoxy-8-methylnaphthalene (XX). The methyl ester (XXII; R= Me) was 
not oxidised smoothly by selenium dioxide and alkaline hydrogen peroxide, but it was converted 
into 6: 7: 8-trimethoxy-l-naphthoic acid (I; R = Me, R’ = H) by treatment with potassium 
ferricyanide. The same acid (I; R= Me, R’ =H) was also obtained during Wieland 
degradation of the methyl ester (XXII; R= Me); interaction with phenylmagnesium 
bromide yielded 1 : 1-diphenyl-2-(6 : 7 : 8-trimethoxy-1-naphthyl)ethan-1-ol (XXIII) and an oil, 
presumably containing phenyl 6: 7 : 8-trimethoxy-l-naphthylmethyl ketone (XXIV), which 
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gave benzoic and the acid (I; R = Me, R’ = H) in small yield on oxidation with hydrogen 
peroxide. Comparison of the acid (I; R = Me, R’ = H) and the methyl ester (I; R = R’= 
Me) showed complete identity with purpurogallone trimethyl ether and its methyl ester 
respectively, and demethylation of the acid (I; R = Me, R’ = H) with boiling hydriodic acid 
yielded purpurogallone. 

Methy] 6 : 7 : 8-trimethoxy-l-naphthoate (I; R = R’ = Me) was iodinated to give methyl 
5-iodo-6 : 7 : 8-trimethoxy-1-naphthoate, which on heating with copper powder yielded dimethyl 
2:3:4: 2’: 3’: 4’-hexamethoxy-1 : 1’-dinaphthyl-5 : 5’-dicarboxylate (III1; R = R’ = Me), 
identical with isopurpurogallone octamethyl ether. Hydrolysis yielded 2:3: 4:2’: 3':4- 
hexamethoxy-1 : 1’-dinaphthyl-5 : 5’-dicarboxylic acid (III; R = Me, R’ = H). 

The Experimental section also includes a description of the following new compounds 
prepared during this investigation: 3:4: 5-trimethoxyphenylglyoxal, methyl 3: 4: 5-tr- 
methoxy-2-chloromethylbenzoate, 4'-hydroxy-4 : 2’ : 3’-triacetoxybenzcycloheptatrien-3-one (IV; 
R = Ac), and 1 : 4-diphenoxycyclopent-2-ene. 
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EXPERIMENTAL, 


Purpurogallone Trimethyl Ether (I; R = Me; R’ = H).—Purpurogallin trimethyl ether (2 g.) was 
heated in a sealed tube with alcoholic potassium hydroxide at 160—-170° as described by Perkin (loc. cit.). 
The resulting solution was acidified with hydrochloric acid and extracted with ether, and the crude 
product dissolved in aqueous sodium hydroxide and warmed with excess of methyl sulphate. The 
neutral material, isolated with ether, was distilled and the fraction, b. p. 180° (air-bath)/0-5 mm., 
crystallised from ether-light petroleum (b. p. 60—80°). Recrystallisation from cyclohexane or aqueous 
ethanol gave colourless prisms of methyl purpurogallone trimethyl ether (I; R = R’ = Me), m. p. 
g0—81°. Hydrolysis, by heating for 12 hours with 4n-sodium hydroxide and sufficient ethanol to give 
a homogeneous solution when hot, gave purpurogallone trimethyl ether (I; R = Me, R’ = H) which 
crystallised from benzene-cyclohexane in colourless plates, m. p. 145—146° (Found: C, 64-4; H, 5-4. 
Calc. for C,4H,,0,: C, 64-1; H, 53%). Refluxing with constant-boiling hydriodic acid (50 parts) for 
10 minutes yielded purpurogallone (I; R = R’ = H). 

Condensation of Furoic Acid with Phenol.—Phenol (20 g.), furoic acid (2 g.), and aluminium chloride 
(7-5 g.) were heated at 60—70° for 10 hours. More aluminium chloride (2-5 g.) was then added and the 
heating continued for a further 24 hours. After decomposition of the complex with ice and hydrochloric 
acid and extraction with ether, the products were taken up in 5% sodium hydrogen carbonate solution, 
recovered, and extracted with ether. The crude oily product was crystallised first from acetone— 
benzene and then from water; 6-hydroxy-l-naphthoic acid (0-2 g.), m. p. 207—208° (Royle and 
Schedler, J., 1923, 128, 1641, give m. p. 208—209°), was obtained and was further characterised by 
methylation with methyl sulphate and sodium hydroxide to 6-methoxy-l-naphthoic acid, m. p. 
181—182°, identical with a specimen synthesised from furoic acid and anisole. 

B-3: 4: 5-Trimethoxybenzoylpropionic Acid (VI).—Ethyl 3: 4: 5-trimethoxybenzoylacetate 
(16-6 g.) was dissolved in sodium ethoxide solution (from 2 g. of sodium and 150 c.c. of anhydrous 
ethanol) and cooled below 10°, and ethyl bromoacetate (10 c.c.) added. After 48 hours at room 
temperature, the product was hydrolysed and the acid (VI) (9 g.), m. p. 122°, isolated as described by 
Haworth, Richardson, and Sheldrick (loc. cit.). The methyl ester, prepared with methanol and sulphuric 
acid, on ey methanol in needles, m. p. 94—95° (Found: C, 59-5; H, 6-3. C,,H,,0, requires 
C, 59-6; H, 6-4%). 

y-(3 : 4: 5-Trimethoxyphenyl)butyric Acid (VII).—The keto-acid (VI) (1 g.) was dissolved in water 
(20 c.c.) containing sodium hydrogen carbonate (0-3 g.) and refluxed for 3 hours with 90% hydrazine 
hydrate (1 c.c.). The cooled solution was carefully acidified (litmus) and the product crystallised from 
benzene; the molecular compound was obtained as colourless prisms (0-85 g.) (Found: C, 57-3; H, 6-3; 
N, 10-5. C,3H,,0,N, requires C, 55-3; H, 6-4; N, 9-9. C,3H,,O,N, requires C, 59-1; H, 6-1; N, 
10-6%) which melt to a turbid liquid at 110° and clear at 118°. The mother-liquors yielded the 
anhydro-derivative (VIII) which was purified by passing it in benzene through an alumina column and 
eluting it with benzene—acetone (10 : 1) and crystallised from benzene; stout needles, m. p. 139° (Found : 
C, 59-0; H, 6-3%), were obtained which were insoluble in cold alkali or dilute acid, but soluble in cold, 
concentrated hydrochloric acid. The mixed product (5 g.) from several operations was refluxed for 
24 hours with a solution of sodium ethoxide from sodium (10 g.) and ethanol (1 25 c.c.). After diluting 
the mixture with water, shaking it with methyl sulphate (5 c.c.), and removing a trace of neutral] matter 
with ether, acidification and crystallisation from benzene-light petroleum (b. p. 60—80°) gave 
y-(3 : 4: 5-trimethoxyphenyl)butyric acid (VII), colourless prisms (3-9 g.), m. p. 83—84° (Found: C, 61-1; 
H, 7-1. C,3H,,0, require C, 61-4; H, 7:1%). The ethyl ester, prepared with ethanolic hydrogen 
chloride, was an oil, b. p. 165—170°/0-3 mm. 

Diethyl 6:7: 8-Trimethoxy-3 : 4-dihydronaphthalene-1 : 2-dicarboxylate (X; R = R’ = Et).—A 
solution of ethyl oxalate (3-2 c.c.) in dry ether (10 c.c.) was added to a suspension of potassium ethoxide 
(from 0-7 g. of powdered potassium and 0-85 g. of ethanol) in ether (25 c.c.). A solution of the ethyl 
ester (2-7 g.) of the acid (VII) in ether (15 c.c.) was gradually introduced, and a red oil was precipitated. 
After 12 hours, water was added and the alkaline layers on acidification yielded diethyl 1-keto-4- 
(3: 4 : 5-trimethoxyphenyl)butane-l : 2-dicarboxylate (IX; R = CO,Et) (2-8 g.) as a yellow oil which 
was nut purified. This yellow oil (2-5 g.) was refluxed for 5 hours with 18% sulphuric acid (20 c.c.); 
the product (X; R = R’ = Et), isolated with ether and crystallised from light petroleum (b. p. 60—80°), 
was obtained as colourless prisms (1-3 g.), m. p. 89° (Found: C, 62-7; H, 6-6. C, ,H,,O, requires 
C, 62-6; H, 68%). Hydrolysis of the above diethyl ester with excess of 20% methanolic potassium 
hydroxide for $ hour gave the half-ester (X; R = Et, R’ = H), which separated from water in colourless 
plates, m. p. 178° (decomp.) (Found: equiv., 329. C,,H,,O, requires equiv., 336). 

6: 7: 8-Trimethoxynaphthalene-| : 2-dicarboxylic Anhydride (XI; R= Me).—The half-ester 
(X; R= Et, R’ = H) (0-7 g.) was heated with palladium-black (0-1 g.) for 1 hour at 250°. The 
product, isolated with chloroform, crystallised from acetic acid in yellow solvated needles, m. p. 167° 
(Found : C, 60-8, 60-5; H, 4-3, 4-2. C,,H,,0,,4CH,°CO,H requires C, 60-4; H, 4.4%), which dissolved 
in warm alkali to a colourless solution; acidification then precipitated a colourless crystalline acid 
which reverted to the yellow anhydride on being heated. 6:7: 8-Trihydroxynaphthalene-1 : 2-di- 
carboxylic anhydride (XI; R = H), obtained by demethylation for 4 hour with boiling hydriodic acid 
(10 volumes; d 1-7), crystallised from ethyl acetate in deep-red prisms, m. p. >250° (Found: C, 58-4; 
H, 2-8. C,,H,O, requires C, 58-5; H, 2.4%), which gave a reddish-brown ferric test and dissolved 
in alkali to a yellow solution becoming cherry-red on ——- to air. 

1-Keto-5 : 6 : 7-trimethoxy-1 : 2: 3 : 4-tetrahydronaphthalene (ite R = Me).—The best yield of 
B-(2-hydroxy-3 : 4-dimethoxybenzoyl)propionic acid (8-75 g.) (Mitter and De, loc. cit.) was obtained 
from 1 : 2: 3-trimethoxybenzene (8 g.), succinic anhydride (5 g.), and aluminium chloride (20 g.) in 
nitrobenzene (30 c.c.) after reaction for 40 hours at room temperature. Reduction and cyclisation to 
(XII; R-=H) were effected by Mitter and De’s method; 5-hydroxy-l-keto-6 : 7-dimethoxy- 
1:2:3: 4-tetrahydronaphthalene (XII; R = H) gave a 2: 4-dinitrophenylhydrazone, which crystallised 
from dioxan in red prisms, m. p. 284° (decomp.) (Found: N, 13-8. C,sH,,0,N, requires N, 13-9%). 
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Methylation of the phenolic ketone (XII; R =H) with excess of methyl sulphate and 4n-sodium 
hydroxide gave 1-keto-5: 6: 7-trimethoxy-1 : 2:3: 4-tetrahydronaphthalene (X11; R= Me), which 
separated from light petroleum (b. p. 60—80°) in colourless prisms, m. p. 74—74-5° (Found: C, 65-8: 
H, 6-7. C,3H,,0, requires C, 66-1; H, 6-8%), and yielded a 2 : 4-dinitrophenylhydrazone as long orange- 
red plates, m. p. 245°, from benzene (Found: N, 13-3. C,,H,.O,N, requires N, 13-5%). The combined 
cyclisation and methylation processes gave the cyclic ketone (XII; R = Me) in 76% yield. 

5:6: 7-Trimethoxy-1 : 2:3 : 4-tetrahydronaphthalene.—The ketone (XII; R= Me) was reduced 
for 15 hours by Martin’s modification of the Clemmensen reaction; the toluene layer was extracted 
with aqueous sodium hydroxide, and the alkaline extract methylated with methyl sulphate. The 
product was isolated with ether and purified first by distillation under reduced pressure and then by 
removing a small amount (2 : 4-dinitrophenylhydrazone test) of unchanged ketone (XII; R = Me) by 
— a benzene-light petroleum (b. p. 60—80°) solution through a column ofalumina. It crystallised 
rom light petroleum (b. p. 40—60°) in rhombs, m. p. 43—44° (Found: C, 70-7; H, 81. C,,H,,0, 
requires C, 70-3; H, 8-1%). A solution of chromic acid (0-4 g.) in acetic acid (7 c.c.) and water (1 c.c.) 
was added during 20 minutes to a solution of 5: 6: 7-trimethoxy-] : 2: 3 : 4-tetrahydronaphthalene 
(0-55 g.) in a mixture of acetic (4 c.c.) and propionic (1 c.c.) acid at 5°. After 12 hours at 5°, the solution 
was evaporated under reduced pressure warmed with 5% sulphuric acid, and extracted with ether. 
The extract, after being washed with sodium hydroxide, was dried and evaporated, and the residue 
treated with methanolic 2: 4-dinitrophenylhydrazine sulphate. The products were taken up in 
benzene, evaporated to remove methanol, redissolved in benzene, and passed through a 2-foot alumina 
column. Elution with benzene removed first the 2: 4-dinitrophenylhydrazone (66-0 mg.) of 1-keto- 
5:6: 7-trimethoxy-1 : 2:3: 4-tetrahydronaphthalene (XII; R= Me) and then that (40 mg.) of 
1-keto-6 : 7 : 8-trimethoxy-1 : 2 : 3 : 4-tetrahydronaphthalene (XIII) (see p. 3277). 

2:3: 4-Trimethoxy-5 : 6-dihydronaphthalene.—A mixture of 1-keto-5 : 6: 7-trimethoxy-1 : 2:3: 4- 
tetrahydronaphthalene (XII; R = Me) (1 g.) and aluminium isopropoxide (2-5 g.) in isopropyl alcohol 
(10 c.c.) was heated for 24 hours and decomposed with ice and dilute hydrochloric acid. Distillation 
yielded 2:3: 4-trimethoxy-5 : 6-dihydronaphthalene (0-66 g.) as a colourless oil, b.' p. 125°/0-5 mm, 
(Found: C, 70-8; H, 7:3. C,3H,,03 requires C, 70-9; H, 7-3%), and a viscous yellow oil (0-25 g.), 
probably a polymer, b. p. 240°/0-5 mm. 

1-Hydroxy-5 : 6 : 7-trimethoxy-\-methyl-1 : 2: 3 : 4-tetrahydronaphthalene (XIV).—A solution of the 
cyclic ketone (XII; R = Me) (2-5 g.) in ether (25 c.c.) was added to methylmagnesium iodide (from 
0-5 g. of magnesium) in ether (25 c.c.), and after 12 hours at room temperature the mixture was added 
to ice and ammonium chloride. The carbinol (XIV) crystallised from light petroleum (b. p. 60—80°) 
in long plates, m. p. 92—93° (Found: C, 66-6; H, 7-9. C,,H,.O, requires C, 66-7; H, 7-9%). 

1 : 2 : 3-Trimethoxy-5-methylnaphthalene (XV).—Dehydration of the carbinol (XIV) (1 g.) by heating 
it for 15 minutes with 90% formic acid (5 c.c.) at 76—80° yielded an oil (0-35 g.), probably 5 : 6: 7-tri- 
methoxy-1l-methyl-3 : 4-dihydronaphthalene, b. p. 140°/0-5 mm., and a polymer (0-55 g.), b. p. 
200°/0-5 mm. The carbinol (XIV) (1 g.), heated with palladium-black (0-05 g.) at 260—300° for 
4 hours, gave 1 : 2 : 3-trimethoxy-5-methylnaphthalene (XV) as a colourless oil, b. p. 135—140°/0-5 mm. 
(Found: C, 72-3; H, 6-7. C,,H,,O; requires C, 72-4; H, 6-9%), yielding a s-trinitrobenzene complex, 
which separated from aqueous methanol in orange needles, m. p. 88° (Found: C, 54:3; H, 4-4; N, 9-6. 
CooH ,gO,N, requires C, 53-9; H, 4:3; N, 9-4%). 

1 : 2: 3-Trimethoxy-5-methylnaphthalene (XV) (1-2 g.) and selenium dioxide were heated in a sealed 
tube for 4 hours at 200—210°. The fraction of the product soluble in hydrogen carbonate yielded 
3-methylphthalic acid which crystallised from ether—benzene in elongated plates, m. p. 154° (Jiirgens, 
Ber., 1907, 40, 4409, gives m. p. 154°). Sublimation at 20 mm. gave the anhydride which separated 
from light petroleum (b. p. 60—80°) in needles, m. p. 116° (idem, ibid., gives m. p. 114—115°) (Found: 
C, 66-6; H, 3-7. Calc. } al C,H,O,: C, 66-7; H, 37%). 

5: 6: 7-Trimethoxy-1 : 2: 3 : 4-tetrahydro-1-naphthylideneacetic Acid (XVII).—The tetralone (XII; 
R = Me) (1 g.) and ethyl bromoacetate (1-5 c.c.) in benzene (5 c.c.) were added dropwise to zinc needles 
(1 g.) and a small crystal of iodine under boiling benzene (10 c.c.); the reaction was completed by 
1 hour’s boiling after dissolution of the zinc. The cooled solution was decomposed with ice and hydro- 
chloric acid and extracted with ether, the extract was washed with dilute sodium hydroxide solution and 
dried, and the solvent removed. The residual ethyl ester of (XVII) was distilled (b. p. 175°/0-5 mm.) 
and hydrolysed with aqueous-alcoholic potassium hydroxide; the acid (XVII) separated from cyclo- 
hexane in colourless needles, m. p. 82—84° (Found: C, 64-4; H, 6-4. C,,H,,0, requires C, 64-7; 
H, 65%). 

5 : 6 : 7-Trimethoxy-1-naphthylacetic Acid (XVIII; R = H).—The acid (XVII) was esterified with 
ethanol and sulphuric acid, and the distilled ethyl ester, b. p. 175°/0-5 mm. (2-5 g.), was heated with 
palladised charcoal (0-3 g. of 10%) for 3 hours at 280—320°. Distillation gave ethyl 5 : 6 : 7-trimethoxy- 
1-naphthylacetate (XVIIL; R = Et), which separated from aqueous methanol in small plates, m. p. 
66—67° (Found: C, 67-4; H, 6-7. C,,H,,O,; requires C, 67-2; H, 66%). Hydrolysis afforded the 
acid (XVIII; R = H) which separated from cyclohexane in either long needles, m. p. 97°, or rhombs, 
m. p. 113—115° (Found: C, 65-1; H, 5-6. C,;H,,0, requires C, 65-2; H, 5-8%), slow crystallisation 
favouring the latter variety. 

1 : 1-Diphenyl-2-(5 : 6 : 1-trimethoxy-1-naphthyl)ethan-l-ol (XIX).—Ethyl 5: 6: 7-trimethoxy-l- 
naphthylacetate (1 g.) was added to a solution of phenylmagnesium bromide, prepared from bromo- 
benzene (2 c.c.) and magnesium (0-4 g.) in ether (20 c.c.), and after 4 hour at room temperature and 
1 hour’s boiling the cooled mixture was decomposed with ice-hydrochloric acid. Evaporation of the 
dried ethereal extract and removal of a small amount of unchanged bromobenzene under reduced pressure 
yielded an oil from which the carbinol (0-4 g.) slowly solidified. Crystallisation from aqueous methanol 
and cyclohexane yielded colourless prisms, m. p. 133—134° (Found: C, 78-1; H, 6-1. C,,Hs.% 
requires C, 78:3; H, 6-3%). 

5:6: 7-Trimethoxynaphthalene-l-carboxylic Acid (XVI; R= Me).—(a) 1:2: 3-Trimethoxy-5- 
methylnaphthalene (XV) (2 g.), potassium ferricyanide (100 g.), and potassium hydroxide (18 g.) im 
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water (350 c.c.) were stirred for 24 hours at 60°. Further quantities of potassium ferricyanide (35 g.) 
and potassium hydroxide (6 g.) were added and the reaction continued for another 24 hours. After 
cooling, neutral material was removed in ether, and the aqueous solution was acidified and again 
extracted with ether. The product was dissolved in sodium hydrogen carbonate, recovered with hydro- 
chloric acid, and collected. 

(b) Ethyl 5 : 6 : 7-trimethoxy-l-naphthylacetate (XVIII; R = Et) (0-1 g.) was heated for 9 hours 
with selenium dioxide (0-15 g.) in dioxan (3 c.c.) in a sealed tube at 130—140°. The product was diluted 
with 2n-sodium hydroxide (5 c.c.), and warmed on a water-bath with hydrogen peroxide (5 c.c. 
of 100-vol.). The solution was extracted with ether, the aqueous alkaline layer was acidified, and the 
acid collected. 5:6: 7-Trimethoxynaphthalene-l-carboxylic acid (XVI; R = Me) crystallised from 
benzene-light petroleum (b. p. 60—80°) in colourless needles, m. p. 159° (Found: C, 64-0; H, 4-9. 
C,,H,,O, requires C, 64-1; H, 5-3%). 

5:6: 7-Trihydroxynaphthalene-l-carboxylic Acid (KVI; R= H).—This acid was prepared by 
refluxing the trimethyl ether (XVI; R = Me) (50 mg.) with hydriodic acid (3 c.c.; d 1-7) for 10 minutes. 
After cooling, the solid was collected, washed with water, and crystallised from aqueous acetone; the 
acid (XVI; R = H) was obtained as grey elongated plates, decomposing above 270° without melting. 
The triacetyl derivative (XVI; R = Ac), prepared by heating the acid with acetic anhydride and sodium 
acetate on the water-bath for 4 hour, separated from aqueous methanol in colourless prisms (Found : 
C, 59-1; H, 4-3. Cy,H 0, requires C, 58-9; H, 40%) which sinter at 195° and on rapid heating melt 
to a clear liquid at 230°. 

1-Keto-6 : 7 : 8-trimethoxy-1 : 2: 3: 4-tetrahydronaphthalene (XIII).—(a) y-(3: 4: 5-Trimethoxy- 
phenyl)butyric acid (VII) (1 g.) in benzene (40 c.c.) was refluxed for 3 hours with granulated phosphoric 
oxide (10 g.). The dark complex was decomposed with ice, made alkaline with sodium hydroxide, and 
extracted with ether, and the ketone (XIII) (0-4 g.) recovered. 

(b) y-(3 : 4: 5-Trimethoxyphenyl)butyric acid (2-2 g.) in benzene (25 c.c.) was cooled in ice whilst 
phosphorus pentachloride (2-5 g.) wasadded. After 5 minutes at 0° and 25 minutes at room temperature, 
the mixture was warmed for 5 minutes on the water-bath. Stannic chloride (2-2 c.c.) in benzene 
(100 c.c.) was then added at 0°, and after 2 hours at 0° the mixture was decomposed with ice 
and hydrochloric acid, and the ketone (XIII) (1-25 g.) reovered by removal of the benzene. 1-Keto- 
6:7: 8-trimethoxy-1 : 2:3: 4-tetrahydronaphthalene (XIII) crystallised from aqueous methanol or 
ether-light petroleum (b. p. 60—80°) in colourless prisms, m. p. 125° (Found: C, 66-3; H, 6-5. 
C,3H,,O0, requires C, 66-1; H, 6-8%). The 2: 4-dinitrophenylhydrazone separated from ethyl acetate 
in long red plates, m. p..205—206° (Found: N, 13-4. C,,H,,O,N, requires N, 13-5%). 

Roa 3-Trimethoxy--methylnaphthalene (XX).—Condensation of 1-keto-6: 7: 8-trimethoxy- 


1:2:3:4-tetrahydronaphthalene (XIII) with methylmagnesium iodide was carried out as described 
for the isomer (XII; R = Me) but appeared to be accompanied by dehydration. The product, which 
failed to crystallise and had b. p. 130°/0-5 mm., was dehydrogenated by heating it with palladium for 
2 hours at 280—-300° and yielded 1 : 2 : 3-trimethoxy-#-methylnaphthalene (XX), b. p. 130—135°/0-4 mm., 


which separated from aqueous methanol or light petroleum (b. p. 40—60°) in long prisms, m. p. 73—75° 
(Found: C, 72-6; H, 6-9. C,,H,,O,; requires C, 72-4; H, 69%). The s-trinitrobenzene complex 
crystallised from methanol in orange needles, m. p. 91-5—93° (Found: N, 9-7. C,9H,,O,N, requires 
N, 9-4%). This methylnaphthalene (XX) was recovered after being heated with alkaline potassium 
ferricyanide for 2 weeks. 

6:7: 8-Trimethoxy-1 : 2: 3 : 4-tetrahydro-1-naphthylideneacetic Acid (XXI).—This acid (4 g.), 
obtained from 1-keto-6 : 7 : 8-trimethoxy-1 : 2: 3 : 4-tetrahydronaphthalene (XIII) (5 g.) as described 
for the isomeric acid (XVII), crystallised from benzene—cyclohexane in colourless prisms, m. p. 125—-127° 
(Found: C, 64-9; H, 6-7. C,,;H,sO, requires C, 64-7; H, 6-5%). 

6:7: 8-Trimethoxy-1-naphthylacetic Acid (XXII; R = H).—The methyl ester of the acid (XXI), 
prepared with excess of ethereal diazomethane, was dehydrogenated with palladium-—charcoal as 
described in the preparation of the isomer (XVIII; R=H). The resultant oily methyl ester (XXII; 
R = Me) on hydrolysis yielded the acid (XXII; R = H) which crystallised from benzene in colourless 
plates, m. p. 158—159-5° (Found: C, 65-2; H, 5-7. C,,;H,,O, requires C, 65-2; H, 58%). A small 
amount of 1 : 2: 3-trimethoxy-5-methylnaphthalene (XX), m. p. 73— 75°, was also obtained. The 
methyl ester (XXII; R = Me) resisted oxidation with selenium dioxide and hydrogen peroxide. 

1 : 1-Diphenyl-2-(6 : 7 : 8-trimethoxy-1-naphthyl)ethan-l-ol (XXIII).—The methyl ester (XXII; 
R = Me) (0-5 g.), dissolved in ether (10 c.c.), was added to phenylmagnesium bromide [from magnesium 
(0-4 g.) and bromobenzene (2 g.) in ether (20 c.c.)]. After 2 hours’ refluxing the product was set aside 
overnight and decomposed with ice and hydrochloric acid. The product, isolated with ether, separated 
from ether-light petroleum (b. p. 60—80°) in crystals (0-2 g.), which after recrystallisation from methanol 
or ethanol were obtained as colourless prisms, m. p. 152—153° (Found: C, 78-6; H, 6-5. C,,H,,O0 
requires C, 78-3; H, 6-3%). An oil (A), probably crude phenyl 6:7: 8-trimethoxy-l-naphthyimethy! 
ketone (XXIV), was obtained from the mother-liquors. 

6: 7: 8-Trimethoxy-1-naphthoic acid (I; R= Me, R’ = H).—(a) 6:7: 8-Trimethoxy-1-naphthyl- 
acetic acid (XXII; R = H) (0-5 g.), potassium ferricyanide (35 g.), and potassium hydroxide (5 g.) were 
dissolved in water (100 c.c.) and heated at 75—80°. Two further portions of potassium ferricyanide 
(12 g.) and potassium hydroxide (2 g.) were added at 24-hours intervals. After 3 days’ heating, the 
cooled and acidified solution was extracted with ether, and the acid (I; R = Me, R’ = H) (0:1 g.) was 
dissolved in sodium hydrogen carbonate solution, precipitated by acid, and collected. 

(b) The crude oil (A) (0-3 g.) obtained from the mother-liquors from the preparation of the carbinol 
(XXIII) was refluxed for 3 hours with aqueous-alcoholic sodium hydroxide, and the neutral portion, 
obtained by removal of alcohol and extraction with ether was dissolved in ethanol and warmed on the 
water-bath with excess of hydrogen peroxide and 2n-sodium hydroxide. After removal of ethanol and 
cooling, ether extracted a further crop of carbinol (XXIII), and the acids liberated by acidification were 
fractionally sublimed under reduced pressure. The first fraction yielded benzoic acid, and at 
120°/0-0005 mm. 6 : 7 : 8-trimethoxy-1l-naphthoic acid (I; R = Me; R’ = H) sublimed. 
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6 : 7: 8-Trimethoxy-1-naphthoic acid (I; R = Me, R’ = H) prepared by method (a) or (6) crystalliseq 
from benzene-light petroleum (b. p. 60—80°) in colourless prisms, m. p. 145—147°, undepressed 
admixture with purpurogallone trimethyl ether. A portion was esterified with diazomethane and the 
resultant ester, m. p. 80—81°, was identified with methyl purpurogallone trimethyl ether. 

Methyl 5-Iodo-6 : 7 : 8-trimethoxynaphthalene-1-carboxylate—Iodine (0-1 g.) and mercuric acetate 
(0-08 g.) were added alternately in ego) grey during 15 minutes to a solution of methyl 6 : 7 : 8-tri- 
methoxy-l-naphthoate (I; R = R’ = Me) (0-1 g.) in acetic acid (2 c.c.) at 50°. After being stirred 
for a further 5 minutes and then cooled, the mixture was diluted with water, extracted with chloroform, 
and filtered from mercuric iodide. The extract was washed with sodium hydrogen sulphite solution and 
water, and dried; removal of the solvent and crystallisation of the residue from aqueous methanol or 
light petroleum (b. p. 40—60°) yielded methyl 5-iodo-6 : 7 : 8-trimethoxynaphthalene-\-carboxylate as 
errr ae p. 120—121° after softening at 119° (Found: C, 44:7; N, 3-7. C,;H,,O,I requires 
C, 44-8; H, 3-7%). 

Dimethyl 2:3: 4:2’: 3’ : 4’-Hexamethoxy-1 : 1’-dinaphthyl-5 : 5’-dicarboxylate (III; R = R’ = Me).— 
The above iodo-compound (50 mg.) was mixed with copper bronze (0-1 g.), and the mixture heated for 
4 hour at 260—275°. The product isolated with acetone solidified on trituration with cold methanol, 
and crystallised from ethanol in colourless prisms, m. p. 210—212°, alone or mixed with isopurpurogallone 
octamethyl ether. Hydrolysis with boiling aqueous-ethanolic sodium hydroxide for 12 hours gave the 
dicarboxylic acid (III; R = Me, R’ = H), which crystallised from glacial acetic acid in minute prisms, 
m. p. 300—305° (decomp.) (Found: C, 63-9; H, 5-1. C,,H,,0O,. requires C, 64-4; H, 5-0%). 

: 4: 5-Trimethoxyphenylglyoxal.—3 : 4 : 5-Trimethoxyacetophenone (1 g.) was dissolved in dioxan 
(4 c.c.) and boiled for 3 hours with a solution of selenium dioxide (0-8 g.) in water (2.c.c.). The cooled 
mixture was diluted. The product, isolated with ethyl acetate, was a yellow oil, b. p. 135—140°/0-4 mm., 
crystallising from water as a hydrate, colourless plates, m. p. 103—104° (decomp.) (Found: C, 54-6; 
H, 5-7. C,,H,4O, requires C, 54-6; H, 5-8%). Distillation of the pure hydrate at 0-4 mm. gave 
3 : 4: 5-trimethoxyphenylglyoxal as yellow prisms, m. p. 64°. 

Methyl 3:4: 5-Trimethoxy-2-chloromethylbenzoate——Methyl 3:4: 5-trimethoxybenzoate (2 g,), 
formaldehyde solution (15 c.c.), and concentrated hydrochloric acid (15 c.c.) were heated on a water- 
bath for 2 hours. Methyl 3:4: 5-trimethoxy-2-chloromethylbenzoate which separated on cooling 
crystallised from light petroleum (b. p. 60—80°) or ether in colourless needles, m. p. 85° (Found: C. 
52-8; H, 5-0. C,,H,,0,Cl requires C, 52-5; H, 5-5%). 

4’-Hydroxy-4 : 2’: 8 -triacetoxybenscycloheptatrien-3-one (Purpurogallin Triacetate) (IV; R = Ac).— 
Purpurogallin (4 g.) was warmed for 3 hours on the water-bath with acetic anhydride (20 e.c.) and 
anhydrous sodium acetate (5 g.). Water was added, and the tetra-acetate was collected and crystallised 
from benzene; colourless prisms, m. p. 184—186°, were obtained in quantitative yield. This tetra- 
acetate (1 g.) was suspended in methanol (40 c.c.) containing concentrated hydrochloric acid (1 c.c.) and 
shaken at room temperature for 14 hours. The filtrate from unchanged tetra-acetate was diluted, and 
the precipitate collected and crystallised from ethanol; the triacetate was obtained in golden needles, 
m. p. 1388—140° (Found: C, 59-2; H, 4-2. C,,H,,O, requires C, 59-0; H, 4-0%). 

1 : 4-Diphenoxycyclopent-2-ene.—trans-1 : 4-Dibromocyclopent-2-ene (Thiele, Annalen, 1901, 314, 
300) (4 g.) was dissolved in acetone (20 c.c.), and phenol (4 g.) and potassium carbonate (6 g.) were added. 
The mixture was refluxed for 3 hours, diluted, extracted with ether, and dried. Removal of the solvent 
gave 1 : 4-diphenoxycyclopent-2-ene which crystallised from ethanol in long prisms, m. p. 103° (Found: 
C, 80-8; H, 62. C,,H,,O0, requires C, 81-0; H, 64%). The same product was obtained from cis-1 : 4- 
dibromocyclopent-2-ene. 


’ 
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686. The Application of the Modified Gatitermann Reaction to 
Methyl and Ethyl Orsellinate. 


By W. B. WHALLEY. 


Haematommic ester (I; R = CHO) is readily available by the application of the modified 
Gattermann reaction (Shah and Laiwalla, J., 1938, 1828) to methyl orsellinate, and its conversion 
in high yield into atranol and f-orcinol provides a convenient alternative route to these rather 
difficultly accessible substances. Some derivatives of f-orcinol are described. 


A.tHouGH the structure of atranol has long been established (Robertson and Robinson, /,, 
1927, 2196; Leon et al., ibid., 1931, 2697; St. Pfau, Helv. Chim. Acta, 1933, 16, 282), this 
substance is not readily accessible. The synthesis recently described by Adams and Mathieu 
(J. Amer. Chem. Soc., 1948, 70, 2120) involves the very difficult demethylation of 2 : 6-dimethoxy- 
4-methylbenzaldehyde, and the application of the Gattermann synthesis to methy] orsellinate 
produces a difficulty separable mixture of the two aldehydes (I; R = CHO) and (II) in low 
yield (Robertson e¢ al., J., 1933, 130; St. Pfau, loc. cit.). From (I; R = CHO) atranol was 
obtained by hydrolysis and decarboxylation. It has now been found that interaction of methy! 
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orsellinate, zinc cyanide, and hydrogen chloride in the presence of aluminium chloride (Shah 
and Laiwalla, loc. cit.) gives an almost quantitative yield of methyl haematommate (I; R = 
CHO) unaccompanied by detectable amounts of the isomeride (II). Clemmensen reduction of 
atranol (cf. St. Pfau, Helv. Chim. Acta, 1926, 9, 650) gives @-orcinol which is alternatively 
obtained by the reduction of (I; R = CHO), followed by hydrolytic decomposition of the 
resulting methyl $-orcinolcarboxylate (I; R = Me). 


Me 
HOy ‘Neu 
OHC| CO.Me 
Me 
(IL.) 


In view of the availability of orsellinic ester (Sonn, Ber., 1928, 61, 926; St. Pfau, Helv. Chim. 
Acta, 1933, 16, 282) a convenient novel route to f-orcinol, which is otherwise difficulty accessible 
(Kostanecki, Ber., 1886, 19, 2323; Robertson and Stephenson, J., 1930, 313), is thus provided. 

Reduction of 2: 4-dihydroxy-3 : 6-dimethylbenzaldehyde (III; R= CHO) (St. Pfau, 
Helv. Chim. Acta, 1928, 11, 864) by the Clemmensen method readily gave 2: 4: 5-trimethyl- 
resorcinol (III; R = Me) which was characterised by the formation of the di-p-nitrobenzoate 
and converted into the aldehyde (IV; R = CHO), On reduction the last-mentioned compound 
gave 2: 4:5: 6-tetramethylresorcinol (IV; R = Me) identical with a specimen prepared from 
4:5: 6-trimethylresorcinol (Robertson and Whalley, this vol., p. 3038). The non-identity of 
(IV; R=H) with 4:5: 6-trimethylresorcinol (Robertson and Whalley, Joc. cit.) provides 
further confirmation of the orientation of 4 : 5 : 6-trimethylresorcinol and hence of the structure 
of 2: 4-dihydroxy-5 : 6-dimethylbenzaldehyde. Application of the Gattermann reaction to 
ethyl 2 : 4-dihydroxy-3 : 6-dimethylbenzoate (V; R = H) gave ethyl 2: 4-dihydroxy-5-formyl- 
3: 6-dimethylbenzoate (V; R = CHO). 


EXPERIMENTAL, 


Methyl 2 : 4-Dihydroxy-3-formyl-6-methylbenzoate (I; R = CHO).—Anhydrous aluminium chloride 
(8 g.), dissolved in ether (50 ml.), was slowly added (with stirring), at 0° to methyl orsellinate (3-8 g.) in 
ether (75 ml.) containing zinc cyanide (7 g.), the cooled mixture was saturated with hydrogen chloride, 
and 24 hours later the ethereal layer was decanted from a viscous oil, which was hydrolysed by heating 
it on the steam-bath for 20 minutes with water (100 ml.). On cooling, the hydrolysate deposited methyl 
haematommate (1; R = CHO) (3-0 g.) as a colourless, crystalline mass which, on recrystallisation from 
methyl alcohol, formed colourless needles, m. p. 146° (Found: C, 57-3; H, 4-7. Calc. for CygH Os; : 
C, 57-1; H, 48%). Evaporation of the decanted ethereal solution, followed by hydrolysis, produced a 
further quantity (0-4 g.) of methyl haematommate (St. Pfau, Joc. cit., gives m. p. 147°). The ethyl 
ester was prepared by the same method and obtained in comparable yield. 

Atranol.—When a mixture of the foregoing methy] or ethyl] ester (1-5 g.), potassium hydroxide (5 g.), 
and water (30 ml.) was refluxed in an atmosphere of nitrogen for 2 hours, cooled and acidified, atranol 
separated as a pale buff, crystalline solid which crystallised from benzene—methanol in colourless needles 
(1-3 g.), m. p. 122°, soluble in sodium carbonate solution with the typical canary-yellow colour and giving 
an olive-green ferric reaction in alcohol (Found, for a specimen dried to constant weight: C, 63-3; H, 
53. Calc. for C,H,O,: C, 63-2; H, 5-3%). 

B-Orcinol.—(a) Atranol (0-8 g.) in alcohol (12 ml.) was slowly added to concentrated hydrochloric acid 
(10 ml.) and water (5 ml.) containing zinc amalgam (15 g.), and the mixture refluxed for 30 minutes, 
diluted with water (100 ml.), and extracted with ether (5 x 50 ml.). Evaporation of the dried extracts 
gave f-orcinol in clusters of stout prisms (0-5 g.), m. p. 163°, identical with a specimen prepared 
by method (bd). 

(b) Methyl haematommate (1 g.) in methyl alcohol (40 ml.) was added during 15 minutes to gently 
boiling hydrochloric acid (30 ml.) (from 20 ml. of concentrated acid and 10 ml. of water) containing 
zinc amalgam (5 g.), and the mixture then heated under reflux for 30 minutes. The aqueous phase was 
removed by decantation, the residual amalgam washed with a little hot methy] alcohol, and the combined 
solution cooled, giving methyl f-orcinolcarboxylate (I; R = Me) which on crystallisation from aqueous 
methyl alcohol formed colourless needles (0-7 g.), m. p. 145°, exhibiting a reddish-brown ferric reaction 


(Found: C, 61-2; H, 6-4. Calc. for C,sH,,0,: C, 61-2; H, 6-1%) (Sonn, Ber., 1929, 62, 3012, reports 
m. p. 141°). The ethyl ester was similarly prepared from ethyl haematommate. 
A solution of the foregoing methyl or ethyl ester (0-5 5), in potassium hydroxide (2 g.) and water 


(6 ml.) was refluxed in an atmosphere of nitrogen for 2 hours. Ether extraction of the acidified 
hydrolysate then gave f-orcinol (0-3 g.), crystallising from benzene—methyl alcohol in stout prisms, 
m. p. 163° (Found: C, 69-4; H, 7-2. Calc. for CgH,,O,: C, 69-6; H, 7-2%). 

Ethyl 2: 4-Dihydroxy-5-formyl-3 : 6-dimethylbenzoate (V; R= CHO).—When ethyl f-orcinol- 
carboxylate (_V; R =H) (1 g.) in ether (100 ml.) containing zinc cyanide (2 g.) was subjected to the 
Gattermann aldehyde synthesis, the aldimine hydrochloride which separated during 24 hours was 
collected and hydrolysed on the steam-bath during 30 minutes, giving the 5-formyl ester (V; R = CHO) 
(0-7 g.), separating from ethyl] alcohol in colourless needles, m. p. 137°, and exhibiting a reddish-brown 
ferric reaction (Found: C, 60-3; H, 5-6. C,,H,,O, requires C, 60-5; H, 5-9%). The 2: 4-dinitro- 
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phenylhydrazone separated from ethyl acetate in silky, orange needles, m. p. 242° (decomp.) (Found: 
N, 13-1. CygH,,O,N, requires N, 13-4%). 

2:4: 5: 6-Tetramethylresorcinol.—A solution of B-orcinaldehyde (4 g.) in methyl] alcohol (40 ml.) was 
slowly added to a mixture of concentrated hydrochloric acid (30 ml.) and water (20 ml.) containing zinc 
amalgam (60 g.). After 1 hour’s refluxing the mixture was diluted with water (200 ml.) and, after 
isolation with ether, 2 : 4: 5-trimethylresorcinol (3 g.) separated from benzene in stellar aggregates of 
small prisms, m. p. 148° (Found : C, 71-3; H, 7-9. C,jH,,O, requiresC, 71-1; H,7-9%). The di-p-nityo- 
benzoate separated from glacial acetic acid in colourless needles, m. p. 223° (Found: N, 6-2. C,,H,,O,N, 
requires N, 6-2%). 

When the iesinn phenol (2 g.) in ether (100 ml.) containing zinc cyanide (4 g.) was saturated with 
hydrogen chloride at 0°, the aldimine hydrochloride separated during 24 hours and after hydrolysis with 
water (50 ml.) on the steam-bath during 30 minutes gave 6-formyl-2 : 4 : 5-trimethylresorcinol (IV; R = 
CHO) (1-7 g.) which separated from aqueous methyl alcohol in long, colourless needles, m. p. 181°, 
exhibiting a violet-brown ferric reaction (Found: C, 66-7; H, 6-9. C, H,,O, requires C, 66-7; H, 
6-7%). The 2: 4-dinitrophenylhydrazone separated from much ethyl acetate as tiny, deep-crimson 
needles, m. p. 315—316° (decomp.) (Found: N, 15-2. C,gH,,O,N, requires N, 15-6%). 

The foregoing aldehyde (0-4g.), in ethyl acetate (10 ml.) containing acetophenone (0-7 g.), was saturated 
with dry hydrogen chloride, giving 7-hydroxy-5 : 6 : 8-trimethylflavylium chloride which separated from 
very dilute hydrochloric acid in orange needles, m. p. 224° (decomp.) (Found: Cl, 11-5. C,,H,,0,Cl 
requires Cl, 11-8%). 

When the previous aldehyde (0-5 g.), dissolved in methyl alcohol (25 ml.), was added to concentrated 
hydrochloric acid (20 ml.) and water (10 ml.) containing zinc amalgam (10 g.), and the mixture was 
refluxed for 30 minutes and then diluted with water, isolation with ether gave 2: 4:5: 6-tetramethyl- 
resorcinol (0-3 g.) which separated from light petroleum—benzene in colourless needles, m. p. 157° (after 
sublimation), identical with a specimen prepared from 4: 5: 6-trimethylresorcinol (Robertson and 
Whalley, Joc. cit.). The di-p-nitrobenzoate crystallised from glacial acetic acid in colourless prisms, 
m. p. 226°, identical with an authentic specimen. 
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687. Theory of Chromatography. Part VI. Precision Measurements 
of Adsorption and Exchange Isotherms from Column-elution Data. 


By E. GLUECKAUF. 


An investigation is reported into how far it is permissible to use elution data from 
chromatographic columns for the calculation of adsorption isotherms, in view of the necessarily 
non-ideal conditions of any experiment. The conclusion is that diffusion and non-equilibrium 
phenomena do not greatly affect the form of the rear boundary of a chromatogram, if sufficient 
precautions are taken. An equation is deduced which permits the determination of accurate 
adsorption equilibria from chromatographic-elution data, under conditions of moderate 
boundary disturbance. 


Symbols : 

v = volume of solvent used for elution of solutes (in c.c.). 

% = distance from top of column (in g. of sorbent). 

% = length of column (in g. of sorbent). 

c = concentration of solute in the solvent (milliequiv. /c.c.). 

f*(c) = amount of solute adsorbed by 1 g. of sorbent in equilibrium with the concentration c 
(in milliequiv. per g. of sorbent). 

f(c) = f*(c) + ac = amount of solute taken up by 1 g. of sorbent (including the pore space 
“ c.c. per g. of sorbent). 

u. = amount of solute which remains in the column after development with pure solvent, 
when the concentration in the eluate has reached the value c (in milliequiv.). 

N = %/2k = number of “ theoretical units ” in the whole column. 

2k = height of theoretical unit (in g. of sorbent). 


Under ideal conditions, i.e., in the absence of diffusion and non-equilibrium phenomena, 
and with an infinitely small grain size, the movement of a solute of concentration c inside an 
adsorption or ion-exchange column is governed by the differential equation : 


(42) +(&),-° eve te ae ee ee 


This is derived, as has been shown by Wilson (J. Amer. Chem. Soc., 1940, 62, 1583), de Vault 
(ibid., 1943, 65, 532), and Weiss (J., 1943, 297), by the conditions that in any section of the 
column the change in adsorbed solute must be equalled by the balance of the inflowing and the 
outflowing solute. 
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For the movement of points of constant concentration c, equation (1) leads to : 
d / 
(%) = 42 Moog psc, a) a ag 


In the case of the rear boundary, formed by development with pure solvent, the boundary 
conditions are : 
c=cCatv=0O0forx>0 
and c=0OQatzx=0O0forv>0 


which results in 
(%) = (3), -re er a Oe EES 


which describes the movement of a point of constant concentration c. 
As pointed out first by de Vault (/oc. cit.), equation (3) permits the calculation of adsorption- 
equilibrium data from the diffuse rear boundary of an elution curve : 


cmc 


ON a 


c=0 
which can be written in the form (see Glueckauf, J., 1947, 1308, and Nature, 1945, 156, 748) 
f@=+w—aey/F. . . . . we se (8) 


where p is the amount of solute which remains in a column containing x g. of sorbent, after 
development with a volume v. 

Equation (5) has been used to some extent in the study of ion-exchange equilibria. Though 
these investigations have been carried out under conditions guaranteeing a minimum of 
disturbing effects by use of a grain size of 250 mesh (~0°007 cm.) or less, and flow 
rates sufficiently low to reach almost complete equilibrium (1°75 x 10 cm./sec.), it is stil) 
necessary to investigate how far the adsorption or exchange isotherms obtained from equation 
(5) are affected by the necessarily non-ideal conditions of any real experiment. 

In these circumstances equation (1) requires the addition of further terms which, in the 


case of diffusion and grain-size effects, have the form — k (es 


Ox? 


equilibrium, this term has the, in practice not greatly different, form n ( 


). , whilst, in the case of non- 


dc ) 

axdv . As can be 
easily shown, 2k represents the height of a “theoretical unit’’ in the same dimensions as x. 
We shall consider in detail the former case, ay the complete equation of mass conservation : 


(6) 


The equation can be integrated in the case of a linear adsorption isotherm : 
ac 
f(c) = aff (for details see Appendix A). 


If we take the case of a column, which was originally saturated with a solution of 
concentration c®, being eluted with pure solvent, we obtain an elution curve where c is given as 
function of ax/v and #/k. Writing 7/k = 2N, we have 


c a¥ —v/v \t ax+u/v \t 
c= Sf erie’ i (5) +e. erfc Ty (4) gE Sirk a Ont eae ee 


where erfc is the error function complement of the argument n. 

For large values of N, i.e., after the passage of a large number of “ theoretical units,” when 
(ax — v) becomes small compared with v, the second term in the bracket can be neglected and 
equation (7) can be simplified to 


ex F erfe (5 Oc 


2 (ve 
where 0 = ax gives the position of the centre of the boundary (c = c®/2) in the elution curve. 

Equations (7) and (8) result in almost symmetrical S-shaped boundaries which according 
to the values of the parameters v/v and N are more or less sloping (see figure 2; experimental 
“Na-*Na curve). 
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A relationship similar to equation (5) which takes account of the disturbing effects represented 
by equation (6), can be obtained for a linear isotherm. In this case 


} e () =3[e+@—eme+5 + (&).| IA nate te 
(for calculation see Appendix B). 


Here all the data on the right-hand side, apart from N are obtainable from the elution 
curve of the substance studied. 

On the other hand, equation (6) cannot be solved directly for non-linear isotherms and it 
is necessary to make a few approximations. If we subtract from the left-hand side of equation 


(2) [6),-@)d-- + 00 


Fic. 1. 


\ <— Flution curve 


{6) the very small quantity 














[ 
AN 


which is zero in the ideal case when N = LARS equation 3), and is negligible if the isotherm 
is strongly curved, and if N is very large, we can integrate equation (6) by (d«), and obtain 


p=f%(o).F—-(~—ayHe+ SF. a wee. S “eo sie 


sy? (=), | wheree=1. 


Thus we can calculate f(c) for the two extreme types, with equation (9) for the linear 
isotherm, and with equation (12) for strongly curved isotherms. The difference is expressed 
by the factor « = 2 in the case of the linear isotherm. As the curvature of the isotherm is 
roughly inverse to (dc/d In v), , of the elution curve, one might expect that for mildly curved 
isotherms the factor ¢ of the correction term would approximate to 


acl J / acl 
e=1 + Fine dlnv | —— 
which can be assessed experimentally. This represents an approximate interpolation between 
the two extremes, which takes into account both the curvature of the isotherms and the value 
of N. Whilst this is mentioned for the sake of completeness, it should be noted that equation 
(12) is usually quite adequate for the calculation of f(c) from the elution data, as most 
adsorption isotherms have a fair degree of curvature. 

Both the terms (u + vc) and v?(—@c/dv) can be easily evaluated from the elution diagram 
(see Figure 1). 

Thus the only unknown terms are N (representing the total number of “ theoretical units ” 
in the column), and the factor ¢, which at any rate must lie between 1 and 2. Nis obtained 
by determining, with the same column, the elution curve of a substance with linear adsorption 
or exchange isotherm. For this one can use the replacement of one solute by an isotopic 
solute. 





(12a) 
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From such an elution curve, N can be obtained by a simple relationship from the gradient 
dc/dv at the centre (0) of the eluted boundary where c = */2: 


n= 2[5-(%) -] Sod uf hacks Ate ie bai ies ‘aie 


which follows from the differentiation of-equation (7). 

From the same experimental data can also be obtained the value of e. 

If sufficient precautions are taken to ensure a large value of N the last term in equation (12) 
need not as a rule afiect the calculation of f(c) to more than 1%. There are, however, 
instances—especially in the case of ion exchange—where, owing to the slow rate of exchange 
at room temperature, a larger correction may become operative. This applies particularly to 
the case of the Na-H ion-exchange at room temperature on the slow-acting ‘‘ Dowex 50” as, 
owing to the near-linear exchange isotherm and the resulting high values of dc/dv, the 
correction term is no longer negligible. 

Fic. 2. 
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Application of the Method under Most Unfavourable Conditions (Na-H Exchange on Dowex 
50 at Room Temperature).—A column of 1°07 g. of Na-“‘ Dowex 50 ” was eluted with 0°2n-hydro- 
chloric acid, and the concentrations in the eluate were measured as a function of the elution 
volume v (see Fig. 2, curve A). For the determination of N the same column of Na-‘‘ Dowex 50” 
containing *Na as tracer was eluted with 0°2N-*NaCl solution. From the experimental 
values of 0 = 21°1l c.c. and d(c/c*)/dv = 0°21, the value of N becomes 123. The simultaneous 
plot of the *Na—*Na and the Na-H elution curve (see Fig. 2) shows that the relative gradient 
of the former is about 3 times that of the latter. One would, therefore, according to equation 
(14) expect a value of e=1 + 4—~1°33. 
We thus obtain for the calculation of the exchange isotherm f(c) the equation 
f(ems) = [u + (v — a®)cy, — 0-005409(—Acfoo)]/¥#. . . . . . (1A) 
The data are given in the table. 


v= —0-0054 x K, K, (by 

*¥ap: v — at. p+ Uv’. v*0c /dv. *. Sma: (calc.). other method). 

0-214 12-1 4-607 0-000 4-607 

0-186 15-8 4-197 0-027 4-170 

0-161 17-1 3-787 0-032 

0-138 18-3 3-391 0-036 

0-114 19-6 2-937 0-038 

0-072 22-1 2-062 0-038 

0-046 24-6 1-454 0-022 — 

0-033 27-1 1-118 0-017 1-71 1-65 

0-024 29-6 0-863 0-013 1-78 ~~ 

0-018 32-1 0-678 0-010 0-14 1-83 1-77 

The table shows the application of equation (14) to the calculation of equilibrium values (column 5) 

and mass-action factors (column 7) at different molar fractions (Xy,.,) of sodium on the resin (column 
6), and a comparison with values of K, obtained by an independent method (column 8). % = 1-07 g. 


of “ Dowex 50”; the eluting solution was 0-214Nn-hydrochloric acid. Measurements (columns 1 and 
2 and 8) were by Dr. J. F. Duncan. 
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It can be seen that the correction term (column 4) affects the calculated adsorption or 
exchange function to a noticeable extent only at the lowest molecular ratios, but it affects K, 
also at the highest molecular ratios because of the smallness of [f(c*) — f(c)]. 

There are few methods which are sufficiently accurate to be used for testing the mass-action 
factor K, obtained from equation (14). One such method is based on the determination of 
the break-through volume in an adsorption or exchange column. This method, however, 


without being more accurate than equation (14), requires a separate experiment for every 
concentration point. 


A comparison of the two methods is given in column 8. 

The agreement shows conclusively that, even if boundary disturbances occur in the column, 
as, é.g., in the above example, reliable adsorption data can be obtained by using equation (12). 

At the same time, the investigation shows clearly that the disturbance of the rear boundary 
by diffusion and non-equilibrium phenomena is, even in this very unfavourable case, almost 
negligible. It follows from this that for experiments with faster-acting resins or adsorbents, 
or at higher temperatures, completely satisfactory data will be obtained by the use of equation 
(4) or (5) without any correction term, provided that comparable flow rates are being used. 


APPENDIX A, 
[By J. H. Tart]. 
Solution of Equation (A.1) (see equation 6). 
adcidv + dcjdx —kO*cfox®=0. . . . . . . . (Al) 
Let 
Then equation (A.1) becomes 


(A.2) 


(A.3) 


The boundary conditions for the case of a solution of constant concentration c® entering an empty 
column are : 


c = 0 when v = 0, and c = c° when + = 0 
or 


g = 0 when v = 0, and g = ©. exp(v/4ak) when x = 0. 


The solution to this problem is given on page 44 of Carslaw and Jaeger (‘‘ Conduction of Heat in 
Solids,”’ 1947). 


= = f (4 - ropar ~ 92) a0 . 2 & «4 +o ee 


2lV4kvja 


a= ¢ . er/tak {ersi2t.erfe [svaem Viv/4ak) | + et/2k . erfc [ symer + v(o/4ae) |} (A.5) 
Substituting g from (A.2) gives 


_@ ax —v/vu\t ax +u/v\t 
=§ [ete om (3) + et/k erfc = (5)'] - : s« « «. oa 


If (ax — v) is small compared with ax, i.e., for large values of */k, the second term can be neglected. 
Replacing ax by 0 = v(c°/2), we can write 


sak $ erte (27S ogy Ve x[h)) = erte (” e+ Vin) ———_ 


{If the pore space is taken into consideration, v and @ should be replaced by (v — ax) and (id — ax) 
respectively.) If equations (A.6) and (A.7) are applied to the elution of a band, x becomes %. 


APPENDIX B. 
Linear isotherm f(c) = ac. 


Neglecting the second term in equation (A.6) we obtain by differentiation at constant c 


(a). -aL(3)+2)-aL(3)+ a] 
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Multiplying (B.1) by 2[0f(c) /dx), and then replacing [0f(c) /Ov], from equation (6) gives 


5 ("ae),+ - (Gs)— (),=° 


Multiplying by v . @x and integrating for constant v between ¢ = 0 and c, we obtain 
c=c 


x fle) — [ fe) .ax + 2h (FE) — ev =o 


c=0 
(ac/@x), by — (&). (%), 
and then dv/d* from equation (B.1) by 
(2av/(ax + v) = 2v0/[*(v + 9)], 
p= *.f(c) — ve — [40kv8/(0 + v)¥](Oc/av),. . . . «. «. «. (BA) 


or, as for large values of #/k = 2N, v= 0, we have 


Replacing the integral by pu, and 


we obtain for elution 


v2 (dc 


p= Hf) —w - 5. (5). ieee: prlywite sail 


My thanks are due to the Director, Atomic Energy Research Establishment, Harwell, for permission 
to publish this papet and to Mr. J. H. Tait for the calculations in Appendix A. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dipcot, BERKs. (Received, May 18th, 1949.] 





688. Ion-exchange Studies. Part I. The Sodium—Hydrogen System. 
By J. F. Duncan and B. A. J. LIsTER. 


The mass-action constants governing the exchange of sodium ions and hydrogen ions 
between solution and two ion-exchange materials have been determined (a) by a batch equilibrium 
process, (b) by the saturation ofa column of exchanger with solutions of differentsodium : hydrogen 
ion ratio, and (c) by calculation from the elution rear boundary obtained when sodium ions 
are removed from the column with acid. It has been shown that the mass product is approx- 
imately constant over the greater part of the exchange isotherm, but rises significantly for low 
values of the molar fraction of sodium ions. 


INVESTIGATIONS have been made from time to time of the exchange properties of materials such 
as greensand, clay, and bentonite (naturally occurring) and sulphonated lignite and tannins 
(synthetic). Although many attempts have been made to fit the experimental results to a 
mass-action law, very few of the exchangers were found to obey such a law. 

With the advent of synthetic ion-exchange materials based upon a phenol—formaldehyde 
condensation (e.g., the Amberlites) and upon polymerisation of divinylbenzene (e.g., Dowex 50), 
materials are now available which obey a mass-action law to a first approximation at least. The 
work of Bauman and Eichhorn (J. Amer. Chem. Soc., 1947, 69, 2830) and Boyd, Schubert, and 
Adamson (ibid., p. 2818) has shown that both Dowex 50 and Amberlite I.R.-1 obey a mass-action 
law. The present paper assesses the extent to which a mass-action law may be applied, and 
provides a test of the validity of the assumptions made by these workers. The conclusions 
reached are valid only for exchange between twe closely similar univalent ions. 

The exchange reaction between a resinous exchangor in the hydrogen form and sodium ions 
in solution may be written : 

Nats + He in Nar -t- Ht, ° ° ° ° . ° . ° ° (1) 


where the subscripts s and Rr refer to the iens in solution and in the resinous exchanger 
respectively. The mass-action constant K, is defined as: 


Ky = GyepQugi@mg@up - > - ss tll tl tll () 
where the a values represent the thermodynamic activities of the respective ions. The activities 
of the ions in solution are, in general, known, but the difficulty in the application of the mass- 
action law to ion exchange is always that the activities of the ions in the resin phase cannot be 
directly evaluated. 

Boyd, Schubert, and Adamson (loc. cit.) have assumed that the activities of the ions in the 
resin phase are proportional to the molar fractions of the ions (Xy,,, Xq,) and have obtained 
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results to show that the mass-action law is obeyed over a range of 0°3< X wag 0'9. In their 
treatment the mass-action law is written : 


K= Xap 4ng/Xup4nag . . . . . - . ° . . (3) 
On the other hand, Bauman and Eichhorn (loc. cit.) have written the mass-action law : 


_ Nap OHs Sug __ Nap 4H (4) 

" Cop Crag / Nag be CHpy Fag 
where the c terms are molar concentrations, and the f terms activity coefficients. In general, 
equations (3) and (4) are equivalent, but care must be taken in the case of exchange between 
ions of different valency to ensure that similar units are used in the two equations. It should 
also be noted that for heterovalent exchange the value of the mass-action constant depends on 
the units in which cy,, and cy, are expressed. For exchange between ions of the same valency 
K, is independent of the units. 





Fic. 1. 


Front and rear boundaries for different mixtures of sodium and hydrogen ions in solution, using 
Dowex 50. 
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Curves A and B, Xyag = 1:00; C and D, Xyag = 0°42; E and F, Xyag = 0-087. 


In the present paper the mass-action constant K, has been calculated from the molar fraction 
of the sodium ions in the resin phase and in solution by the equation : 


i I oi hee ins tosininne te ca 
1— Xuan (1 —Xwag) fag 


Allowance has been made for the activity coefficients, fy,,, fa,, Of the ions in solution by 
investigating the exchange of sodium and hydrogen ions, with chloride as the only anion, in 
which solutions the activity data are accurately known over a considerable range of concentration. 

Three different methods of obtaining the mass action constant (K,) have been used. 

(1) From batch equilibrium methods. A given weight of exchanger was allowed to come to 
equilibrium with solutions containing sodium chloride and hydrochloric acid in different 
proportions, and the amount of sodium taken up from solution was determined. 

(2) From the volume of solution necessary to saturate a chromatographic column. Ifthe column 
of exchanger is converted into the hydrogen form by saturation with hydrochloric acid and a 
solution of sodium chloride is then passed through, the volume of eluate which passes before 
sodium ions appear at the bottom is a direct measure of the amount of sodium taken up by the 
column. If pure sodium chloride solution is passed through the column, this volume (the 
so-called “‘ breakthrough volume ’’) measures the total exchange capacity ofthe resin. If mixtures 
of sodium chloride and hydrochloric acid are used, the amount of sodium taken up by the 
exchanger in equilibrium with a given mixture of sodium and hydrogen ions is obtained, from 
which the mass-action constant K, can be determined. 

(3) By calculation from the rear boundary of a chromatogram. Ifa solution of sodium chloride 
is passed through the hydrogen-saturated exchanger, the concentration history of sodium in the 
eluate is given by a curve such as A in Fig. 1. It will be noticed that the concentration changes 
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sharply as soon as sodium ions appear in the eluate. When hydrochloric acid is passed through 
the sodium-saturated exchanger the shape of the elution curve is as shown in the curve B, Fig. 1. 
This rear boundary for the removal of sodium ions from the column is not sharp, the concentration 
in the eluate falling only gradually to zero. The shapes of these curves show that the sodium 
ions are held on the column more strongly than the hydrogen ions, and that the mass-action 
constant of the exchange reaction (1) must be greater than unity. 

The chromatographic studies of de Vault (J. Amer. Chem. Soc., 1943, 65, 532) and Glueckauf 
(Proc. Roy. Soc., 1946, A, 186, 35; Nature, 1945, 156, 748; J., 1947, 1302, 1315, 1321) have 
shown that the shape of the adsorption isotherm of a solute on an adsorbent may be derived by 
calculation from the rear boundary obtained when the solute is removed from the chromato- 
graphic column by development wtih a suitable solvent. If a diffuse rear boundary is 
not produced under these conditions, the calculations may be made on the diffuse front boundary. 
The method of calculation in the present paper is that given by Glueckauf (preceding paper) 
using the equation : 

Xf" (c) = wy + (v — akc + e(h/FvOclv), - - - » - » + (6) 


where the symbols have the same meaning as given by Glueckauf. By application of this equation 
to the rear boundaries obtained in the present work, the amount of sodium ions adsorbed by the 


Fic. 2. 


Front and rear boundaries for different mixtures of sodium and hydrogen ions in solution, using 
Amberlite I.R.-100H. 


° 
R 





sodium sons. 
S 


> 








S 
> 
g 
> 
= 
§ 
i 
8 
S 








0 30 

Vol. (m1.). 

Curves A and B, Xxa, = 1-00, pH = 7; C and D, Xxag = 1:00, pH = 4"; E and F, Xmag = 0-802 ; 
G and H, Xyag = 0-483; J and K, Xnag = 0-088. 


resin [f*(c)] may be related to the concentration in solution. For small values of the elution 
volume, the value of f*(c) is a constant, this value being a measure of the total capacity of the 
column of exchanger and equal to the capacity measured by means of the breakthrough volume. 
As soon as hydrogen ions appear in the eluate f*(c) progressively decreases from this constant 
value to zero. Dividing the values of f*(c) obtained for different points on the rear boundary by 
the total capacity, we obtain Xy,,, the molar fraction of sodium ions in the exchanger. Xnys 
is obtained by dividing the concentration in solution by the total equivalent concentration 
(equal to the equivalent concentration of hydrogen and sodium together), correction being applied 
if necessary to obtain the activities of the ions in solution. K, is calculated by using equation 
(5) above. 
EXPERIMENTAL. 

ae Technique.—The apparatus used is shown in Fig. 3. A small column, 6 mm. in 
diameter and 8 cm. long, was filled with the exchanger (mesh size 180—250) by allowing the wet resin to 
settle in the column filled with water. In this way uniform packing was obtained. The concentration 
of sodium ions in solution was measured by using the 14-8-hour half-life *Na activity as a radiochemical 
tracer. The solution, seeded with tracer, and kept at a constant head in the reservoir A, was allowed 
to flow down the column and through (or past) a Geiger—Miiller counter immediately at the bottom of 
the column. The hard radiation emitted by **Na (8-energy 1-4 Mev., y-energy 1-4 and 2-8 Mev.) was 
easily detected in the counter even though the solution was contained in a tube 1 mm. in diameter made 
of glass 35 mg. /cm.? thick. 

Two types of counter have been used. In the first (see Fig. 3a) the liquid flows past a thin mica 
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window, in the second (see Fig. 3b) it flows through a —_ tube of 1 mm. diameter and total Capacity 
of about 0-3 ml., in the internal sensitive space of the Geiger—Miiller counter. This latter arrangement 
leads to much more efficient counting than in the first case and was preferred. 

From the counter, the active solution flowed through the pH cell (B) and was collected in a graduated 
cylinder where the volume flow was measured. The counts obtained from the Geiger—Miiller counter 
were recorded by feeding into a counting-rate meter (the time constant of which was 1.min.) and after 
amplification into a recording milliameter. In this way a complete record was obtained of the 
radioactivity (and hence the concentration) of the radio-sodium in solution. Occasional readings of the 
volume and the pH enabled a complete record of the experiment to be obtained. 

In Jater experiments at an elevated temperature the column was surrounded by a jacket of trichloro- 
ethylene vapour. The formation of bubbles in the column is very likely under these conditions unless care 
is taken to ensure that solutions are prepared with distilled water previously boiled for at least 10 minutes 
It is also desirable to keep the solution in a reservoir surrounded by a boiling water-bath, so that it does 
not readily dissolve air and quickly reaches temperature equilibrium when entering the column. 

Maintenance of a constant and sufficiently slow flow rate is important. It is shown by Glueckauf 
(loc. cit.) that flow rates of the order of 10~* cm./sec. are necessary (for particle sizes less than 0-01 cm.) 
before the shape of the elution curve can be relied upon to give accurate experimental data for the 
calculation of the adsorption isotherm. Several factors must be considered in this respect: the grain 
size, the rate of diffusion of the ions in solution, and the rate of diffusion of the ions into and out of the 

resin phase are all liable to distort the acid 

Fic. 3. elution boundary. The magnitude of the errors 

due to non-equilibrium phenomena has been 

investigated by Glueckauf (Chem. and Ind., 1949, 

12), who has estimated that the mass-action 

constant K, for Dowex 50, calculated from the 

present experimental data, may be of the order 

of 5% too high for the range 0:2 < Xy,, < 0-7, 

and has given a method for correcting for this 
deviation (preceding paper). 

The particle size of the exchanger must be 
sufficiently small to allow complete equilibrium 
to be maintained, and it is desirable that it 
should be below 0-1 mm. _ In the present experi- 

= a } ments material in the range 180—250 British 

HOO OO56 (b) Standard Mesh size (particle size between 0-01 

a and 0-05 mm. diameter) was used. The rate of 
diffusion of ions into the solid phase is also 
important in the maintenance of solid-liquid 
equilibrium, and the flow rate was in general 
reduced to less than 20 ml. per hour (17-5 x 10° 
cm./sec.). It was shown that the elution curve 

G/ass B th Calomel obtained was independent of the flow rate in a 
e/ectrode fF electrode range of 1-75 x 10-°—10~ cm. per second, and 

p— Ol equilibrium was assumed to have been estab- 
lished under these conditions. 

Batch Equilibrium Methods.—Solutions of 
sodium chloride (containing radioactive **Na) 
and hydrochloric acid in different proportions 
were added to a sample of the exchanger which 
had been weighed in the dry state. Thesolution 
and resin were stirred well for a period of 1 
hour, the exchanger was allowed to settle, and 
an aliquot was withdrawn, evaporated to dryness 
on a small aluminium tray, and counted under a bell-type Geiger—-Miiller counter. The count obtained 
was compared with that obtained from a control sample. 

Analysis of Chromatographic Data.—In all the experiments performed, corrections had to be applied 
to the counts obtained for (a) dead time of the counting assembly, (b) natural background count, and 
(c) decay caused by radioactive disintegration. These corrections having been applied, the activity- 
volume curve was constructed. The constant activity obtained when the column had been saturated 
with sodium ions (i.e., after the initial breakthrough at the sharp front boundary) was shown to be that 
of the solution entering the column. The concentrations of solutions at different parts of the elution 
curve were assumed to be proportional to the corrected radioactivities, and in this way a 
concentration—volume curve was obtained. 

Several different tests were applied before the curves obtained were considered to be reliable for the 
calculation of the mass-action constant. First, since the mass-action constant of the sodium—hydrogen 
exchange is greater than unity (the sodium ions are held more strongly than hydrogen ions) a sharp 
boundary should be obtained when the sodium ions displace the hydrogen ions from the exchanger. A 
front boundary which extended over a volume more than 5% of the initial elution volume (up to the 
breakthrough point) was regarded as doubtful and (together with its corresponding rear boundary) was 
not used for calculation. A column with bad channelling is likely to give poor boundaries, and the 
column was immediately repacked after such boundaries were obtained. At least two curves were 
obtained under each given set of conditions and the results were regarded as of a value only if these were 
in agreement within the experimental error over the whole range of the elution boundary. 

Another difficulty was the determination of the last portion of the diffuse rear boundary where the 
concentration in solution is becoming very small, and observation of complete removal of the sodium 
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jons from the column is difficult. An accurate determination of the latter part of the rear boundary 
was made in a number of cases by the use of high tracer activities. 

When an accurate elution curve had been obtained, the adsorption isotherm was calculated by 
Glueckauf’s method using equation (6) above, corrections being made for disturbing phenomena as 
described elsewhere (this vol., p. 3280). If the value of f*(c) obtained from this calculation on the initial 
flat portion of the rear boundary is not equal to the total capacity (expressed in meq. /g. of the exchanger), 
this is a clear indication that error is involved either in the calculation or in the experimental results. 
The f*(c) values obtained over this range for a given exchanger were the same within experimental error, 
and this was used as a method of determining the total capacity of the exchanger. The value of f*(c) in 
equilibrium with a given concentration in solution (cy,,) divided by the total capacity is Xwap, the 
molar fraction of sodium in the exchanger, from which the isotherm of Xy,, against Xy,, may be 
constructed, and the value of the mass-action constant K, determined. By such a method accurate 
values of K, could be obtained over the whole range of the isotherm. The value of K, is equal to K, 
multiplied by the ratio of the activity coefficients of the hydrogen ions and the sodium ions in solution. 
Allowance for these activity coefficients may be made by use of the two equations : 


log fan = log f°aci — ais¢wacr and log fran = log fxs — og:Cn 
familiar in solution theory. In these equations fyq and faq are the activity coefficients of hydrochloric 
acid and sodium chloride in mixtures of the two electrolytes, cyagq) and Cyo are the molar concentrations 
of the sodium chloride and hydrochloric acid, f°yq and f°xac) are the activity coefficients of hydrochloric 
acid and sodium chloride in pure solutions of the single electrolytes at the same total ionic strength, 
and a,, and ag, are constants for a given ionic strength. The values of f°yq and f°xaq being known, the 
values of the activity coefficients were calculated for different mixtures of the two electrolytes, a,, being 


assumed to be 0-04, and a,, to be 0-057 at the concentration used (0-2M.) (see Harned and Owen, “ The 
Physical Chemistry of Electrolytic Solutions,’’ Reinhold, N.Y., 1943). 


RESULTS AND DISCUSSION. 


Two exchangers were used in these experiments—Dowex 50, a simple sulphonic acid type of 
exchanger, and Amberlite I.R.-100H, in which phenolic groups (and possibly carboxylic groups) 
were active in the exchanger as well as sulphonic acid groups. The following are the main 
results obtained. 

(1) Column Behaviour with Solutions of Different Composition.—The columns were first 
saturated with sodium ions using ca. 0°2m-sodium chloride solution, and the initial front 
boundaries obtained. These are shown as curve A in Figs. 1 and 2 forthe twoexchangers. When 
the exchangers had been saturated, they were regenerated by passing through the column a 
solution of hydrochloric acid of the same molar concentration as that of the sodium chloride used. 
If the exchange of ions between the solution and the exchanger is equivalent, one would expect 
that the same concentration of sodium ions would be initially obtained in solution on regeneration 
as was present after saturation. This was so in the case of Dowex 50, but for Amberlite 
I.R.-100H the concentration of sodium initially obtained in solution on regeneration was a 
little higher than 0°2m. (curves B). It was considered that this might have something to do 
with the presence of phenolic groups in the Amberlite exchanger, although this by itself could not 
account for the observations if the exchange was truly equivalent. It is known that the hydrogen 
or part-hydrogen forms of both Amberlite I.R.-100H and Dowex 50 liberate in water enough acid 
to maintain an equilibrium pH of about 3 or 4. At this pH the stability of the sodium salts of 
the phenolic hydroxyl groups is very small. It was thought that possibly the replacement of some 
of the sodium groups by hydrogen on regeneration gave enough acid (either by hydrolysis or by 
degradation) to decrease the pH to 3 and liberate a little sodium by a non-equivalent process. 
If this were so one might expect that equivalent exchange would be obtained in the case of 
Amberlite I.R.-100H if the pH in solution were never allowed to rise to more than 3 or 4. 
Solutions containing different ratios of sodium chloride and hydrochloric acid (at a total 
concentration of 0°2m.) were therefore used to saturate the exchanger and the family of curves 
(shown in Fig. 2) was obtained (C, E, G, etc.). After saturation the sodium was eluted with 
0'2m-hydrochloric acid, and the concentration of sodium ion in solution obtained during the 
initial part of the regeneration was exactly equivalent to the concentration used during saturation. 
Not until solutions of pH 4 or greater were used was there any sign of non-equivalent exchange. 

A similar series of curves was obtained for Dowex 50 and these are shown in Fig. 1. From 
these it will be seen that (subject to the flow rate being small enough) the elution of sodium ions 
from the column with hydrogen ions always produces an eluate concentration which is constant 
until an envelope curve is reached, down which the concentration of sodium ions in solution 
falls to zero. It is this envelope which represents the true rear boundary of the system and which 
can be used for the calculation of K, values. The same is true for Amberlite I.R.-100H, 


provided that saturation of the exchanger has been stopped as soon as the initial breakthrough 
has been reached (see later). 


10c 
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(2) Effect of Flow Rate.—Since the flow rate has a pronounced effect on the shape of the 
elution curves, it is essential to ensure that it is sufficiently small for equilibrium to be maintained, 
In the present experiments flow rates of 0°8—80 x 10 cm./sec. were used (1—100 ml./hr.), 
Above 16 x 10*cm./sec, the sharp front boundary assumed a more diffuse character, becoming 
more or less linear with a constant gradient. The volumes required to wash out the sodium ion 
completely were also considerably increased, some runs (in the case of Dowex 50) continuing for 


Fic. 4. 
Variation of pH in experiments with Dowex 50. 
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50—60 ml. compared with the 40 ml. which was normally necessary. There was some evidence 
that Dowex 50 required a slower flow rate than Amberlite (see Ketelle and Boyd, J. Amer. Chem. 
Soc., 1947, 69, 2800) and, in all the accurate runs from which mass-action data were calculated, 
the flow rate was maintained at less than 4 x 10° cm./sec. 


Fie. 5. 
Variation of pH in experiments with Amberlite I.R.-100H. 
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Curves A and B, Nat ion concentration ; C, H* ion concentration ; D and E, pH values. 


(3) pH History.—If the exchange of sodium ions and hydrogen ions is exactly equivalent, 
one would expect the pH of the eluate to become equal to that of the in-going solution as soon 
as the column has become saturated; pH measurement should therefore be an effective means of 
ascertaining when the column is completely saturated. 

Typical pH curves for the saturation and regeneration of the two exchangers are shown in 
Figs. 4 and 5. It will be seen that, as would be expected, there is a sharp change in pH close 
to the breakthrough point of the front boundary. In the case of Dowex 50, for instance, the 
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pH rises from 1°5 to 5-0 over a range of 3 ml. The pH boundary is not nearly so sharp as the 
sodium-ion breakthrough boundary, but it should be remembered that a pH plot is logarithmic. 
The actual hydrogen-ion concentration calculated from these pH values is also given. The 
hydrogen-ion concentration varies as one would expect for a system in which the ionic strength 
in solution is constant. It was noticed, however, that even though the pH of the ingoing 
solution might be 7 or more, the pH of the eluate did not attain this value until some 100 ml. of 


Fic. 6. 
Effect of pH of original solution on acid elution rear boundaries with Dowex 50. 
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solution had been passed, i.e., at a volume more than four-fold greater than the initial break- 
through volume. Experiments were performed in which the pH of the original solution was 
varied up to values of 12, by addition of sodium phosphate or sodium hydroxide. In no case 
did the pH of the eluate become equal to that of the original solution in a volume of less than 
100 ml., and with Amberlite I.R.-100H, for which a similar situation obtains, volumes up to 
20 times the breakthrough volume were sometimes needed. 


Fic. 7. 


Effect of pH of original solution on acid elution rear boundaries with Amberlite I.R.-100H. 
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Curve A, pH of original solution 12; B, rear boundary for -SO,H group only. 





Nevertheless, in spite of the long time necessary for the rise in pH of the eluate to that of the 
initial solution, no detectable removal of sodium ions was obtained in the case of Dowex 50, 
no matter how long the flow of sodium chloride was continued. Not only did the sodium 
concentration in the eluate remain constant, but on regeneration of the Dowex 50 with acid, an 
elution rear boundary of exactly the same shape and breakthrough point was obtained as when 
the flow of sodium chloride through the column had been stopped immediately after the sharp 
front boundary had been completed. This is demonstrated by the curves of Fig. 6. Although 
no substantial exchange takes place after the initial breakthrough point, the slow rise in pH may 
be evidence that exchange is not complete. Since hydroxyl groups are removed in this region, 
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either they react with free hydrogen ions on the exchanger, or possibly they may exchange with 
anions (presumably chloride) held on the exchanger by Donnan equilibrium. Remembering 
that pH plots are logarithmic, it will be seen that the total sodium or hydroxyl ions exchanging 
after the initial breakthrough cannot be more than 0-005 meq./g. If exchange of sodium and 
hydrogen accounts for this, there must be a very considerable fall in the value of the mass-action 
constant for very high values of Xy,,, the molar fraction of the sodium ions in solution. It is 
considered more probable that impurities (e.g., phenolic groups, degradation products, etc.) 
introduced during manufacture account for these effects which are of very small magnitude. 

In the case of Amberlite I.R.-100H, there was certainly some exchange occurring between 
the sodium ions in solution and hydrogen ions remaining on the exchanger in the region where the 
PH slowly rises after the initial sharp boundary. This was shown by the fact that the shape of 
the rear boundary obtained on regeneration with acid, and the breakthrough point, depended 
on the volume of sodium chloride solution which previously had been passed through the 
exchanger. Two such curves are shown in Fig. 7, curve A being that obtained after the pH 
of the eluate had reached a value of 12, equal to that of the inflowing solution during the original 
saturation of the exchanger with sodium ions. 

It is known that the capacity of exchangers having both phenolic and sulphonic acid groups 
as active constituents greatly increases as the pH is raised; Topp (private communication) has 
determined the capacity of I.R.-100H at different values of pH and has shown that it behaves 
in this way. It was therefore considered that the slow removal of sodium ions from solution, 
which occurred simultaneously with the slow rise in pH after the initial breakthrough, was most 
probably due to exchange of the sodium ions with the hydrogen ions of groups other than sulphonic 
acid. 

If this interpretation is correct, the capacities which may be estimated from the areas 
contained by these concentration—volume regeneration curves should agree with those found by 
the titration method of estimating the total capacity. In the following table the calculated 
capacities have been compared with those obtained from a titration curve furnished by Topp. 


Comparison between capacity data obtained from regeneration curves and values obtained from 
titration curves. 
Capacity due Capacity due Total capacity 
to SO,;H to other Total from titration 
groups active groups capacity curves 
Exchanger. , (meq. /g.). (meq. /g.). (meq. /g.). (meq. /g.). 
Amberlite I.R.-100H 1-50 —_— 1-50 1-38 * 
1-50 0-13 , 1-48 
, 1-50 1-02 , 2-32 
Dowex 50 4-30 — : — 
* Extrapolated. 


It is also possible (from the curves of Fig. 7) to estimate the exchange capacity (in I.R.-100H) 
of the sulphonic acid groups only. This is done by assuming that the true elution curve for the 
sulphonic acid group only is given by the envelope curve of Fig. 2, with the initial concentration 
set equal to that of the original sodium chloride solution, as curve B shown in Fig. 7. This 
assumption, of course, neglects any disturbing factors which account for the non-equivalence 
of the sodium chloride and the acid in certain cases, but since at pH values below 4 (where the 
sulphonic acid groups might still be expected to show their maximum capacity) these do not 
appear, it is considered that no serious error is caused. The above table gives values of the 
capacity due to sulphonic acid groups, and due to other groups at different pH values, the latter 
being estimated by difference between.the total capacity and that due to sulphonic acid groups 
only. There are no exchanging groups other than sulphonic acid in Dowex 50, the capacity of 
which is also given. 

An objection which may be raised is that if as much as 1°02 meq./g. of sodium chloride is 
taken up after the breakthrough point (see table), compared with 1°50 meq./g. before, there 
should be some observable effect on the shape of the concentration—volume plot after the 
breakthrough point. This extra uptake of 1-02 meq./g. was observed in the case when 850 ml. 
of 0°2m.-solution, pH 12, were passed through the column. If it were uniformly removed from 
solution throughout the total volume passed after the breakthrough, a drop in concentration of 
less than 0°006 meq./ml. would account for the observations. A drop of this order did not 
occur in the first day (pH 3-0, 250 ml. passed), and owing to the decay of the radio-sodium it is 
difficult to be certain of the concentration changes which might have occurred during the 
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second and the third day, when the pH rose from 3 to 12, the range in which the phenolic groups 
might be expected to be operative. 

(4) Calculation of Exchange Isotherm.—For Amberlite I.R.-100H, the value of the sodium-ion 
concentration in the initial part of the rear boundary was taken as that which would have been 
obtained if only sulphonic acid groups had been present; i.e., the concentration was equated 
to that of the original solution with which the exchanger had been saturated. The conclusions 
obtained from these data refer therefore only to the sulphonic acid groups in the exchanger. In 
the case of Dowex 50, the actual elution curve was used in these calculations. 


Fic. 8. Fie. 9. 


Sodium-—hydrogen exchange isotherm on Sodium-—hydrogen exchange isotherm on 
Amberlite I.R.-100H. Dowex 50. 
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From the values of f*(c) obtained, Xy,, was calculated, and the values plotted against Xy,.. 
The two exchange isotherms obtained are “shown in Figs. 8 and 9. 

Values of Xy,, and Xy,, were also obtained from batch equilibrium data, and from the break- 
through volumes “determined with different sodium chloride—hydrochloric acid mixtures (Figs 1. 
and 2). These points are also shown in Figs. 8 and 9. 


Fic. 10. 
Mass product for Amberlite I.R.-100H at 20°. 
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(5) Mass-action Constant.—By use of the experimental data (rather than any points 
interpolated from the exchange isotherm), the values of the mass-action constant K, were 
calculated from Xy,, and Xy,,, according to equation (5). Corrections were applied for the 
variation in activity coefficients of the ions in the aqueous phase. The values of K, cal- 
culated from the data provided by each of the three experimental methods are plotted against 
X¥x,, in Figs. 10 and 11, from which it will be seen that good agreement is obtained. 

The broken line gives the K, values calculated from the elution rear boundary. It will be 
seen that the value of K, is almost constant over a large part of the exchange isotherm. At high 
values of Xy,, (>0°7) the chromatographic method gives results which are likely to be subject 
to error, because of the difficulty of deciding the exact shape of the elution boundary immediately 
after the concentration falls from its initial value. In the case of Amberlite I.R.-100H there is 
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also the difficulty of being quite sure of the sulphonic acid rear boundary over the range where 
the disturbing influences become operative. 

If care is taken to obtain the breakthrough point accurately, the method of determining the 
mass-action constants by saturation of the column of exchanger with given mixtures of hydro- 
chloric acid and sodium chloride furnishes the most accurate data. The rise in K, obtained with 
both exchangers is believed to be real since it is confirmed by this method. The variation of 
K, is important from the point of view of attempts which might be made to estimate the 
behaviour of an exchanger under conditions where micro- or radio-tracer quantities of ions are 
present, from conditions obtaining with macro-quantities. It is clearly necessary to determine 
separately the constants governing exchange under such conditions. 

The values obtained for the mass-action constant K, at room temperature are 1:24 + 0°015 for 
Amberlite I.R.-100H and 1°52 + 0°05 for Dowex 50 for a range of 0°3 << Xy,, < 0°8. It will 
be noticed that, although the exchange isotherms for the two materials at room temperature are 
very close together, the K, values are considerably different. The similarity in the isotherms is 
deceptive, for an Xy,,—Xy,, plot is a very insensitive method of expressing changes in K,. 
The value of K, given for Amberlite agrees well with the value of 1°25 given by Cannan (Ann. 


Fic. 11. 
Curves for Dowex 50. 
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N.Y. Acad. Sci., 1946, 47, 135) and the value of 1°25 + 0°15 given by Juda and Carron (J. Amer. 
Chem. Soc., 1947, 70, 3295). The Dowex 50 value, however, is to be compared with a value of 
1-20 given by Bauman and Eichhorn (loc. cit.). Their value was determined by titration of the 
acid liberated in batch experiments. The shapes of the elution boundaries for the two exchangers 
show, however, that the value of K, for Dowex 50 must be greater than that of the Amberlite. 

~™ The shape of the rear boundary confirms that the mass product is not constant over the whole 
range of the isotherm. By using the following derivation and assuming a constant value of 
K,, it is possible to estimate the volume required to elute sodium at a given concentration, and 
hence to construct the rear boundary which would obtain for a constant mass product. The 
mass-action constant K, may be expressed as 


CrapCHg/CHgClNag a @ ° e e ° ° . ° . ° (7) 
and if cy, is the total capacity of the exchanger (meq./g.) and c,; is the total equivalent concen- 
tration in solution (meq./ml.) we have 


oie Cr = Crap + Cog 


C3 = Crag + Cug 
Hence by substitution of cy, and cy, in equation (7) and transformation, 
Keénagen 
_ Cs + Crag(Ke — 1) 
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Now it has been shown by de Vault (/oc. cit.) and Weiss (J., 1943, 297) that the volume v required 
to elute (at concentration c) an absorbed solute from a chromatographic column, containing * 
grams of absorbent is given by 
v = *f’(c) 
where f’(c) is the differential with respect to c of the function describing the shape of the adsorption 
isotherm. In the present case of uni-uni-valent exchange 
dcxap Keres 


FO) = Ta = Ten ¥ Omag(Ke — DI" 





Hence 
pine *K ones ne *Kcr/Cs 
[es + Crag(K, — 1)]* {1 + (Ke — 1)cwa/cag)* 
Fic. 12. 
Comparison between calculated and experimental rear boundaries with Dowex 50. 
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Curve A, calculated elution curve ; B, accurately determined elution curve. 


Fie. 13. 
Comparison between calculated and experimental rear boundaries with Amberlite I.R.-100H. 
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By use of this expression, the value of v has been calculated for both Dowex 50 and Amberlite 
L.R.-100H at different values of cy,, for elution at room temperature. For this purpose an 
estimate was made of the values of K, which would obtain when K, = 1°24 for I.R.-100H, and 
1°52 for Dowex 50 for the different values of cy,, used. The elution rear boundaries obtained 
are shown in Figs. 12 and 13, from which it will be seen that good agreement is obtained over the 





3296 Glasner and Asher: 


greater portion of the boundary. At the tail end, however, thedeviationis quite large, owing tothe 
large rise in the apparent K, which obtains over this region. Nevertheless, using such a method, 
it is possible to calculate the essential chromatographic characteristics (breakthrough volume, 
concentration, etc.) of the system and to predict that point at which elution of the rear boundary 
would have been complete, if the mass product had been constant. If the apparent value of 
K, increases for low values of Xy,, complete elution will require a greater volume of eluate. 

(6) Effect of Temperature—A number of determinations of the mass-action constant of 
Dowex 50 were made at a temperature of 87° by heating the column in a jacket of 
trichloroethylene vapour. The mass-action constant was estimated both by the breakthrough- 
volume method and by calculation from an elution rear boundary. The values of K, obtained 
are plotted against Xx,, in Fig. 11, from which it will be seen that a similar curve to that at 
room temperature is obtained, and K, is equal to 1:25 + 0°05 for 0°3 < Xx,, <0°8. From 
these data an estimate may be made of the value of the heat of exchange, which is also plotted in 
Fig. 11. The heat of exchange for the sodium—hydrogen system is constant over the greater 
part of the isotherm. The rise of the heat of exchange from 525 cals. to 720 cals./mole for low 
values of Xy,, suggests that some secondary process is becoming operative, possibly adsorption. 

In this connection it is interesting to compare the value of 525 cals./mole, given above, with 
values of the same order obtained by other workers; e.g., Kressman and Kitchener (this vol., 
p. 1201) give 1°95 kcals./mole for the heat of reaction of potassium and hydrogen ions on Zeokarb 
215, and Boyd, Schubert, and Adamson (loc. cit.) obtained 2 + 2 kcals./mole for the heat 
exchange of potassium ions and sodium ions on Amberlite I.R.-100H. It will be seen that the 
heat of exchange is small compared with heats of reaction obtained for most chemical reactions, 
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689. <A Violet Water-soluble Copper Cyanide. 


By ABRAHAM GLASNER and K. R. Srmmon ASHER. 


The conditions for the production of a violet solution of cupric cyanide were investigated. 
Some reactions of this solution are reported and it is suggested that formulating the ion as 
[Cu(CN),,HCN]” describes the composition of this complex. It seems probable that the violet 
colour is typical of all penta-co-ordinated cupric complexes. 


On the addition of potassium cyanide to a neutral or slightly alkaline solution of a cupric salt 
an intense transient violet colour is often observed. The literature contains several references 
to such coloured compounds: Lallemand (Compt. rend., 1864, 58, 750) mentions a ‘‘ wine-red ” 
solution obtained on the addition of copper salts to a potassium cyanide solution. Moles and 
Izaguirre (Anal. Fis. Quim., 1921, 19, 33) produced a violet solution at temperatures below 
0° and, on the evidence of viscosity and melting point depressions, put forward the formula 
K,Cu[Cu(CN),],. Treadwell and Girsewald (Z. anorg. Chem., 1904, 38, 92; 39, 87) separated 
crystalline violet compounds to which they gave the formule Cu[Cu,(CN),(NH;),], and 
Cu[Cu,(CN),(NH;,),], containing both univalent and bivalent copper. Morgan and Burstall 
(J., 1926, 2018) prepared several such coloured salts, which were also mixed cupric—cuprous 
complexes, but two crystalline iodides were given the formule 
over HS,O, 
{Cu,2en,2H,O]I, <== (Cu,2 en,H,O]JI, 
deep purple moist atm. lilac 


(en = ethylenediamine) and were supposed to contain only cupric copper. Kruger, Bussem, 
and Tschirch (Ber., 1936, 69, 1601; 1941, 74, 1378) studied the composition of violet copper 
thiocyanate precipitates produced in the presence of very small amounts of an iodide; analytically 
these precipitates could not be differentiated from the well-known white cuprous thiocyanate, 
but the examination of X-ray diagrams showed some additional lines; the authors therefore 
attributed the violet colour to the adsorption of a cupric complex by the original cuprous 
precipitate. Further Spacu and Grecu (Bul. Soc. Stiinte Cluj, 1931, 5, 422) precipitated the 
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dark-violet [Cu en,][Ag(CNS),] and the mauve [Cu en,][Zn(CNS),], [Cu en,][Hg(CNS),], and 
(Cu en,],[Cr(CNS),}, complex amines. A violet solution was produced (Tartarini, Gazzetta, 
1933, 68, 597) on addition of excess of o-phenanthroline to cupric sulphate, and on addition of 
potassium iodide or thiocyanate this gives a violet-blue precipitate. 

Thus clearly there is a whole array of violet copper compounds which contain seemingly 
bivalent copper. We have attempted to clarify the conditions under which violet copper 
cyanide may be produced and to obtain some knowledge about its composition. Our preliminary 
results are summarised as follows. 

(1) On the gradual addition of potassium cyanide to a neutral solution of a cupric salt, a 
green precipitate is first obtained, which later becomes brown; then a weak violet colour appears 
in the solution when about 4 molecular proportions of cyanide have been added. The precipitate 
as well as the violet colour disappear on a further small addition of cyanide, to yield a clear 
colourless or yellow solution. 

(2) In alkaline solution we obtained the violet colour only if the alkalinity was very low. 

(3) In a solution acidified with sulphuric acid, the violet colour appeared when in addition 
to the four moles of potassium cyanide (necessary for the production of the colour in neutral 
solution) another two moles of cyanide were added for each mole of sulphuric acid. 

(4) When the amount of sulphuric acid was increased whilst the molar ratio 
CuSO,: H,SO,: KCN = 1: %: (4 + 2) was retained, the intensity of the violet colour increased 
up to one-half mole of sulphuric acid for each mole of copper sulphate, i.e., up to the molar ratio 
CuSO,: H,SO,: KCN = 1:0°5:5. On further increase of x, the intensity of the colour was 
not altered. 

(5) Approximate colorimetric and photometric measurements in the visual range showed 
that the solutions had a maximum extinction at a wave-length of about 500 mu. and that the 
optical density increased almost linearly with x up to * = 0°5, remaining constant at this 
maximum value (see Table I). 


TaBLe I, 
Relative optical density of the violet copper cyanide solutions, Cu = 0°0333M. 


0-133 0-148 0-159 0-167 0-181 0-200 
M-H,SO 0-0075 0-0128 0-0167 0-0240 0-0333 


Relative optical density (1) 2-14 4-53 4-28 3-81 


(6) Addition of potassium cyanide to more than the ratio stated decolorised the violet 
solution; an excess of one mole of cyanide sufficed to produce a colourless solution, which later 
became yellow, or orange in the presence of very great excess of cyanide. 

(7) Addition of sulphuric acid to the violet solution gave a white precipitate, and the filtrate 
therefrom was free from copper, whilst the precipitate smelled strongly of cyanogen. About 
one mole of sulphuric acid per atom of cupric copper was required for complete precipitation and 
decolorisation. If treated within a short time, the white precipitate could be dissolved in 
potassium cyanide with the re-production of the violet solution. Ifthe potassium cyanide was 
added 10—15 minutes after precipitation, only a colourless solution was obtained. 

(8) On filtration of the white precipitate as quickly as possible, followed by the determination 
of the cyanide, in solutions which had originally the molar composition CuSO, : H,SO,: KCN = 
1:1: 6, at least 38°1% of the original amount of cyanide introduced into the mixture remained 
in solution. This percentage increased when the filtration was delayed, up to 52%. 

(9) When kept in an open vessel, the violet solution decomposed during a few hours to give 
a yellow solution, whilst in closed full vessels the colour faded only slowly during a few days. 
Ethanol did not stabilise the solution. 

(10) The violet solution decomposes hydrogen peroxide with the production of a brown 
precipitate. 

(11) It was advisable to carry out the reactions by mixing the solutions in the desired ratio 
in closed bottles. It was impossible to titrate an acid solution of copper sulphate with potassium 
cyanide, as the copper cyanide decomposed in less time than was required for a titration. The 
addition of copper sulphate as the last reagent (i.e., in the order KCN, H,SO,, CuSO,) was more 
advantageous. 

(12) When the solutions were mixed, gases were evolved unless the mixture had the exact 
composition given above for the production of intensely coloured solutions; under these 
conditions no gas bubbles were seen and no pressure was exerted on the stopper of the flask. 

(13) Similar results were obtained with cupric chloride and hydrochloric acid. All the 
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results were independent of the absolute concentration of the mixtures (in the concentration 
range of 0°025—0°125m-copper sulphate). 

(14) The reagents used were : copper sulphate pentahydrate, Prolabo, R.P.; sulphuric acid, 
Kahlbaum p.A.; and potassium cyanide, Prolabo, R.P. They were not further purified. The 
copper concentrations of the various stock solutions were determined by electrolysis, and 
potassium cyanide concentrations by titration with standard silver nitrate. 

Some additional experiments were made with reagents of various sources, such as: copper 
sulphate pentahydrate B.D.H. “ AnalaR”’; sulphuric acid, May and Baker, B.P.; sodium 
potassium cyanide, May and Baker, 98/100% potassium cyanide. They gave qualitatively and 
quantitatively identical results. 


DISCUSSION. 


The violet complex is formed from cupric salts; its formation precedes reduction to the 
cuprous state, and no evolution of gas is observed when the solutions are mixed in proportions 
required to produce maximum intensity of colour. The copper in this complex is therefore very 
probably in the bivalent state. 

The stoicheiometric ratios requisite for the formation of the violet complex are Cu** : 5CN-: Ht, 
which favour the formula [Cu(CN),,HCN]”, with a penta-co-ordinated bivalent copper nucleus, 
for the ion. Morgan and Burstall (/oc. cit.) consider that such unstable copper complexes should 
exist, as for example in the lilac iodide [Cu,2 en,H,O}I,. Thus the violet colour may plausibly be 
typical of the penta-co-ordinated cupric complexes. Clearly such unusual co-ordination 
complexes may be formed only under well-defined conditions, in conformity with our experiments, 
As a matter of fact, the tetra- or hexa-co-ordinated cupric complexes are formed more easily and 
under a variety of conditions, but the violet cyanide is the less readily decomposed to the cuprous 
state than any other cupric cyanide. The rather rapid decomposition of the other cyanides 
explains why the violet complex could not be produced by titrating slowly an acid cupric sulphate 
solution with potassium cyanide. 

The violet complex decomposed slowly, presumably thus 


2[Cu(CN),,HCN]” ——> 2[Cu(CN),]” + 2HCN + (CN), ; 
violet solution yellow solution 


in closed bottles where the gaseous products could not escape, even this slow decomposition was 
retarded. 

Addition of an excess of potassium cyanide had an effect similar to that produced by adding 
alkali: it caused replacement of the hydrogen cyanide molecule in the violet complex by a 
cyanide ion, followed by transformation into the hexa- and tetra-co-ordinated copper complexes, 

On the other hand, acids precipitate a white crystalline substance: Now for each mole of 
copper sulphate one mole of sulphuric acid was necessary for complete precipitation, and of 
six moles of potassium cyanide (including one mole of hydrogen cyanide in excess) a minimum of 
2°28 remained in the solution. Therefore this reaction should be written : 


[Cu(CN),,HCN]” + 2H+ — > [Cu(CN),(HCN),] +HCN. .... (I) 
violet complex white precipitate 
followed by 
2[Cu(CN),,(HCN),] ——> 2CuCN + (CN), + 4HCN isa & ee 


Reaction (2) is complete in about 10—15 minutes. During this time the violet colour may be 
partly restored by the addition of a cyanide : 


[Cu(CN),,(HCN),] + 2CN’ ——> [Cu(CN),,HCN]” + HCN. 
white precipitate violet solution 


Reaction (2) explains also the facts that the filtered solution contained always slightly more than 
one-third of the original amount of cyanide (working with an excess of one mole of hydrogen 
cyanide present in the solutions) and that this ratio increased if the filtration was delayed. 

The production of the violet colour in neutral solution is accounted for by partial 
decomposition of the cupric cyanide, followed by the hydrolysis of the cyanogen giving some 
hydrogen cyanide : 

2Cu(CN), + H,O —» 2CuCN + HCN + HCNO 


In connexion with the catalytic decomposition of hydrogen peroxide by the violet complex 
it should be noted that cupric hydroxide and alkaline copper solutions catalyze this decom- 
position whereas acid solutions do not. The pH of the violet solution, measured with glass 
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electrodes, was about 5°4; therefore the catalytic effect of the violet complex should also be 
attributed to its labile penta-co-ordination. 

Owing to unfavourable circumstances we were unable to follow up our preliminary results, 
but we hope to do so later. 


DEPARTMENT OF INORGANIC AND ANALYTICAL CHEMISTRY, [Received, July 14th, 1949.] 
HEBREW UNIVERSITY, JERUSALEM, ISRAEL. 





690. Properties of Ion-exchange Resins in Relation to their 
Structure. Part I. Titration Curves. 


By N. E. Topp and K. W. PEPPER. 


The titration curves have been determined for a series of synthetic ion-exchange resins 
containing known ionisable groups. Sulphonated cross-linked polystyrene is shown to behave 
as a monofunctional, strong acid; the amount of sodium ion absorbed is independent of pH, 
provided there is a sufficient excess of sodium ion in solution. Cation exchangers containing 
carboxyl groups alone or hydroxyl groups alone behave as weak acids, the uptake of sodium 
ion being markedly dependent on pH. 

These results provide a basis ray the interpretation of the titration curves of polyfunctional 
exchangers. Thus resins containing both hydroxyl and sulphonic or carboxylic groups give 
titration curves which consist of segments characteristic of each ionisable group present. 


IoN-EXCHANGE resins consist of a cross-linked, high-polymer structure to which are attached 
ionisable groups; they may be regarded as insoluble acids or bases. Their complete 
characterisation requires knowledge both of the nature of the polymer structure and of the 
nature and number of ionisable groups. In this paper, the exchange behaviour characteristic 
of certain acidic and basic groups has been demonstrated by determining the titration curves 
of resins of known preparation. Reference may be made to similar studies on commercial 
ion-exchange resins (Griessbach, Angew. Chem., 1939, 52, 215; Davies, Chem. and Ind., 1948, 
51; Gregor and Bregman, J]. Amer. Chem. Soc., 1948, 70, 2370). 

Cation-exchange properties arise from the presence of one or more of the following groups : 
the strongly acidic SO,H, the weakly acidic CO,H, or the very weak phenolic OH. Until 
recently, the resins available contained more than one type of group; e.g., the condensation 
products of phenolsulphonic acid and formaldehyde contain both SO,H and phenolic OH. In 
this work, the behaviour of each of the above groups per se has been characterised by 
examination of monofunctional resins, t.e., exchangers containing only one type of ionisable 
group. The results obtained provide a basis for the interpretation of the behaviour of 
polyfunctional exchangers. 

The functional groups responsible for anion-exchange properties are normally weakly basic 
amino-groups. The titration curves of two anion-exchange resins have also been determined. 

The method used for the determination of titration curves is described fully below. Briefly, 
with cation exchangers, different amounts of base were added to weighed samples of the 
hydrogen form of the resin in separate flasks. After 48 hours’ shaking, the pH of the solution 
was determined and aliquot samples were withdrawn for analysis. A parallel series of 
experiments was made in presence of neutral electrolyte. The above method was adopted in 
preference to a straightforward titration, where successive additions of base are made to a single 
sample of acid, on the grounds of convenience and reliability. 

The hydrogen-sodium exchange reaction may be represented by HR -+ Nat == 
NaR + H*, where HR represents the resin in the acid form. In the method described, the 
amount of sodium ion taken up by the resin is assumed to be equivalent to the amount of 
hydrogen ion liberated, which is determined either directly or by back-titration of excess of base. 
The uptake of sodium ions under given conditions (the “ capacity ’’) will be limited by the 
amount of ionised hydrogen on the resin. This will depend on the strength of the acidic groups 
and on the pH of their environment. Hence, determinations of the amount of sodium ion 
taken up as a function of pH may be expected to provide information on the strength of the 
acidic groups present. If a group behaves as a strong acid and is fully ionised under all 
conditions, the exchange reaction may be regarded as a simple distribution of sodium and 
hydrogen ions between resin and solution. In this case, the uptake of sodium ions is a function 
of the ratio [Na*]/[H*] in solution. 
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Results. 

Monofunctional Cation Exchangers.—When sodium hydroxide in absence of neutral salt is 
added to sulphonated cross-linked polystyrene, little change in pH is observed until the amount 
of alkali added exceeds the total acidic hydrogen on the resin (the “full capacity’’). In the 
presence of 0-1m-sodium chloride, however, the system is at first acid, and the full capacity is 


Fic, 2. 
Cross-linked poly(methacrylic acid). 
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Fic. 4. 
Sulphonated phenol—formaldehyde. 
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realised even at low pH owing to increase in the ratio [Na*]/[H*] in solution (see Fig. 1). 
Indeed, the full capacity has been obtained at pH = 1°5 in presence of 5m-sodium chloride. 
The capacity of sulphonated cross-linked polystyrene is therefore independent of pH, at least 
over the range 1°5—13, provided there is a large excess of sodium ions in solution. Its 
behaviour is consistent with that of a monofunctional, strong acid. 

The amount of sodium ion taken up by cross-linked poly(methacrylic acid) is markedly 
dependent on pH (see Fig. 2). In the absence of added salt, exchange is negligible at pH’s below 
6, but increases progressively up toa pH of 11. In the presence of 0°1m-sodium chloride, the up- 
take of sodium ion is greatly increased at intermediate values of pH. It has been shown that the 
amount of sodium ion absorbed is a function only of the ratio [Na*]/[H*] in solution and that 
this ratio must be greater than 10® for complete exchange of carboxylic hydrogen for sodium to 
occur (Hale and Reichenberg, Faraday Soc. Discussion, in the press). These results are 
consistent with the view that cross-linked poly(methacrylic acid) is a monofunctional weak 
acid and that only a small fraction of the carboxylic hydrogen is ionised. 


Fic. 5. Fic. 6. 
Sulphited phenol-formaldehyde. Resorcinol—benzaldehydedisulphonic acid—formaldehyde. 
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The capacity of phenol-formaldehyde resins for sodium ion is small at pH’s below 11 
(Fig. 3, A). This result suggests that the resin contains no ionisable group other than the 
weakly acidic phenolic hydroxyl (pK +11). Resorcinol-formaldehyde resins at comparable 
PH possess about twice the capacity of the phenolic resin (Fig. 3, B). At pH greater than 12, 
both materials swell and the uptake of sodium ion increases markedly. It is not possible to 
obtain a limiting value, since the resins disperse in strong alkali. 

Polyfunctional Cation Exchangers.—The curves for phenolic resins containing nuclear 
sulphonic acid groups (Fig. 4) and methylenesulphonic acid groups (Fig. 5) are of the same 
form. They consist of two portions: that at pH 2—7, where in the presence of added salt the 
amount of cation taken up is independent of pH, and that at pH >10, where the capacity 
increases with pH. The former is characteristic of the sulphonic acid group and the latter 
indicates the presence of a phenolic hydroxyl group. The higher capacity at low pH of the 
material containing methylenesulphonic acid groups corresponds with its higher sulphur content 
(10°4% compared with 5°4%). . A resin derived from resorcinol and benzaldehydedisulphonic 
acid reveals the same two groups and in addition shows the presence of a group active in the 
pH range 4—10 (Fig. 6). This is characteristic of a carboxyl group which may be formed by 
oxidation of the aldehydic group. The amount of cation taken up by a resorcylic acid- 
formaldehyde resin increases with pH over the whole range (Fig. 7). It is, however, possible to 
distinguish portions characteristic of carboxyl and phenolic hydroxyl groups. 

Anion Exchangers.—The structure of m-phenylenediamine—formaldehyde resins is ill- 
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defined. They probably contain a variety of weakly basic groups including primary aromatic 
amino- and mixed aliphatic-aromatic secondary and tertiary amino-groupings. The resin 
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Fic. 8. 
m-Phenylenediamine—formaldehyde. 


behaves as a weak base, the acid capacity increasing 
as pH is decreased (Fig. 8). Even at very low pH, 
the amount of acid taken up is much less than that 
calculated from the nitrogen content. A small 
capacity for bases is observed at high pH; this 
may be due to aromatic imino-groups or impurity 
of a phenolic nature in the m-phenylenediamine, 
The addition of neutral electrolyte increases the 
uptake of acid. 

An anion exchanger containing primary and 
secondary aliphatic amino-groups has been prepared 
by reaction of poly(vinyl chloride) with ammonia, 
The material behaves as a stronger base than the 
m-phenylenediamine resin, reflecting the greater 
basicity of the aliphatic amino-groups (Fig. 9). 
Again, a capacity for bases is revealed at high pH, 
and it will be observed that addition of neutral 
electrolyte increases both the acid- and the base- 
binding capacities. The product is known from 
chemical analysis to contain some 10% of oxygen 
and it is believed that oxidation (leading to the 
formation of weakly acidic groups) occurs at double 
bonds formed by elimination of hydrogen chloride. 

Discussion.—Titration curves provide a con- 
venient initial survey of ion exchange resins in 
that information is obtained on the following: 
(a) Number of types of ionisable group present, 
provided that the groups possess appreciable differ- 
ences in acidic or basic strength. (6) Full exchange 


(c) Acidic or basic strength of each group. 


Fie. 9. 
Poly(vinyl chloride)-ammonia compound. 
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The curves obtained on resins of known preparation show that, with monofunctional 
exchangers, the characteristic behaviour of the ionisable group in simple compounds is 
Polyfunctional exchangers behave as mixtures; where there are 


reproduced in the resin. 
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appreciable differences in strength between different groups, the titration curve consists of 
portions characteristic of each group. 


In applications where the pH varies only slightly, 2 poly-functional material may be quite 
satisfactory, but where large variations in pH are encountered, e.g., in some chromatographic 
separations, monofunctional resins are superior in that only one set of fundamental data 
regarding distribution constants, rates of exchange, and swelling is required. 


EXPERIMENTAL, 


Preparation of Resins.—Sulphonated cross-linked polystyrene. Styrene was copolymerised with 
ca. 10% of divinylbenzene in bead form by heating an aqueous suspension of the monomers, with 1% 
benzoyl peroxide as polymerisation catalyst, at 80° for 18 hours. The copolymer was sulphonated with 
concentrated sulphuric acid at 100° for 8 hours, 1% of silver sulphate being used as catalyst (U.S.P. 
2,366,007). The product after being washed, dried, and sieved consisted of regular, sandy-yellow 
spheres. 

Cross-linked poly(methacrylic acid). Freshly distilled methacrylic acid was copolymerised with ca. 10% 
of divinylbenzene in presence of 1% of benzoyl peroxide. Polymerisation was carried out in a sealed 
tube at 60° for 24 hours (U.S.P. 2,340,111). The product was ground, leached with 2n-sodium 
hydroxide to remove soluble matter, washed with water, dried, and sieved. 

Phenol-formaldehyde. Phenol (1 mol.), sodium hydroxide (0-25 mol.), and formaldehyde (1-5 mols., 
as formalin) were heated under reflux to gelation (4—5 hours). The gel was heated for 3 hours, 
disintegrated, and the 40—60-mesh fraction sieved out. 

Resorcinol—formaldehyde. Resorcinol (1 mol.), sodium hydroxide (0-1 mol.), and formaldehyde 
(0-6 mol.) were heated at 60° for 2 hours. A further 0-6 mol. of formaldehyde was then added, yielding 
a gel in 10 minutes. The gel was broken up, dried, and sieved. 

Sulphonated phenol—formaldehyde. Phenol-p-sulphonic acid (1 mol.), prepared by heating phenol 
(1 mol.) with concentrated sulphuric acid (1-2 mols.) at 100° for 2 hours, was treated with formaldehyde 
(2 mols.) (B.P. 489,437). The resulting gel was cooled, broken up, and washed thoroughly with 
sodium carbonate solution before being dried, ground and sieved. 

Sulphited phenol—formaldehyde. The product obtained by heating phenol (1 mol.), formaldehyde 
(1:3 mols.), and a 1:1 mixture of sodium sulphite and sodium metabisulphite (1-25 mols.) was heated 
to gelation with more phenol (0-5 mol.) and formaldehyde (2-2 mols.) (B.P. 498,251). The product 
was dried, ground, and sieved. 

Resorcinol—benzaldehydedisulphonic acid—formaldehyde. This material of German origin (B.1.0.S. 
Report No. 621) is prepared by condensing resorcinol with benzaldehyde-2 : 4-disulphonic acid to give 
3:5: 3’: 5’-tetrahydroxytriphenylmethane-2” ;: 4’’-disulphonic acid, which is condensed with formal- 
dehyde in presence of sodium hydroxide. 

Resorcylic acid—formaldehyde. This material, also of German origin, is prepared by condensing 
1:3: 5-resorcylic acid with formaldehyde (B.1.0.S. Report No. 621). 

m-Phenylenediamine—formaldehyde. m-Phenylenediamine hydrochloride (1 mol.), dissolved in 
water, was cooled in ice and mixed with formaldehyde (4 mols.), also cooled. Within 5 minutes, a gel 
was formed which was dried, ground, and sieved. 

Poly(vinyl chloride)-ammonia derivative. Poly(vinyl chloride) with liquid ammonia in excess was 
heated in an autoclave at 125° for 12 hours in the presence of zinc dust (B.P. Appl. No. 24101/48). The 
insoluble product was filtered off, well washed with water and alcohol, and exhaustively dried. 

Determination of Titration Curves.—After preliminary cycling in a column between 2m-sodium 
chloride and 2n-hydrochloric acid, cation exchangers were regenerated with 2n-hydrochloric acid and 
well washed. Washing was continued until the effluent was free from chloride ion and had a pH of 
about 4. The resin in acid form was filtered off and air-dried at room temperature. After several 
days had been allowed for the moisture content to become uniform throughout, samples were taken 
for determination of moisture content. Determination of moisture content was effected by drying 
over phosphoric oxide at room temperature, except for those materials which had been shown to be 
stable at higher temperatures. Different amounts of sodium or potassium hydroxide were added to 
each of several 0-5-g. samples in 100-ml. flasks, the solid/liquid ratio being kept approximately constant 
(75 ml. of solution to 0-5 g. of solid). The flasks were kept in a 25° air-thermostat for 48 hours with 
intermittent shaking. The pH of the equilibrium solution was determined with a glass electrode, 
a Cambridge ALKI electrode being used for solutions of pH greater than 9. Finally, 25-ml. samples of 
solution were withdrawn and titrated for acid liberated or excess of base. A parallel series of 
experiments was made in which the solution was maintained at 0-1m. with respect to sodium or 
potassium chloride. 

For anion exchangers, preliminary cycling with 2n-hydrochloric acid and 2N-sodium hydroxide was 
employed and prolonged washing with carbon dioxide-free water was necessary after regeneration. The 
0-5-g. samples were equilibrated with different amounts of hydrochloric acid and excess of acid titrated 
after 48 hours. 

The work described above was carried out as part of the research programme of the Chemical 
Research Laboratory, and this paper is published by permission of the Director of the Laboratory. 


The authors acknowledge the assistance rendered by colleagues on the staff of the Chemical 
Research Laboratory. 
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691. Sulphonamides. Part III. Sulphanilamidocarboxyamides as In- 
testinal Antiseptics ; the Influence of pK, and Hydrogen-bonding 
Capacity. 

By Joun H. Gorvin. 


As Brownlee, Green, Tonkin, and Woodbine (unpublished) (cf. Levaditi and Vaisman, 
Compt. rend. Soc. Biol., 1939, 181, 33; Swyer and Yang, Brit. Med. J., 1945, I, 149) showed that 
the three sulphanilamidobenzamides (Gorvin, Parts I and II, J., 1945, 732, 736) are useful 
intestinal antiseptics, some related amides and imides have been prepared, in most cases by 
ammonolysis of sulphanilamidocarboxylic esters. Their pharmacological properties suggest 
that a low degree of absorption from the gut is a general property of sulphanilamido- 
carboxyamides. Theoretical treatment of this question required a knowledge of pK, values, 
and methods for their determination are critically examined. 


In addition to the sulphanilamidobenzamides (Parts I and II; J., 1945, 732, 736) compounds of 
similar type previously reported include 2- (Migliardi, Ric. sci., 1941, 12, 1056) and 6-sulphanil- 
amidonicotinamide (Bernstein, Pribyl, Losee, and Lott, J. Amer. Chem. Soc., 1947, 69, 1158), 
3-sulphanilamidopyrazine-2-carboxyamide (Ellingson, Henry, and McDonald, J. Amer. Chem. 
Soc., 1945, 67, 1711), and 2-sulphanilamidothiazole-5-carboxyamide (Faith, unpublished results 
quoted by Florestano and Bahler, J. Pharm. Exp. Ther., 1948, 92, 196). In the present investig- 
ation the following compounds have been prepared (cf. B.P. 562,349); 3- and 5-sulphanilamido- 
salicylamide (as II), 2-, 3- and 4-sulphanilamidocinnamamide (as III), 3- and 4-suphanilamido- 
phthalimide, 3-sulphanilamidopicolinamide, and sulphanilamidoacetamide with several of its 
N-alkyl derivatives (I). These substances, with three exceptions, were obtained by the action 
of aqueous ammonia or alkylamine on the appropriate methyl or ethyl esters (cf. Part I). The 


H,NC so,*NH-CH,CO-NHR HNC >S0yNHC SoH 


(L) at) ~CO-NH, 


4 Sso.npZ NScucu-co- 
HNC 0, NH NCH:CH CO-NH, (III) 


two sulphanilamidophthalimides were isolated by hydrolysis of their N‘-acetyl derivatives, 
obtained by the condensation of 3- and 4-aminophthalimide with N-acetylsulphanily] chloride. 
3-Sulphanilamidopicolinamide was prepared by the action of aqueous ammonia on ethyl 
3-N*-acetylsulphanilamidopicolinate, followed by selective acid hydrolysis of the acetamido-group 
(cf. Part II). 

The relative ammonolysis rates of the esters of sulphanilamido-acetic, -cinnamic, and -salicylic 
acid at room temperature (Table I, p. 3309) were in the order expected from a consideration of 
the environment of the reacting carbalkoxy-group, if it is assumed that attack occurs by an 
amide ion through a hydrogen-bonded water—-ammonia complex (cf. van Velden and Ketelaar, 
Chem. Weekblad, 1947, 43, 401) according to a suggestion put forward by the author (Part I) 
and subsequently elaborated by Gordon, Miller, and Day (J. Amer. Chem. Soc., 1948, 70, 1946; 
1949, 71, 1245). Thus, in ethyl sulphanilamidoacetate the ester group is insulated by the 
adjacent methylene group and is therefore incapable of any such stabilising resonance as that 
encountered in ethyl 4-sulphanilamidobenzoate (Part I); ethyl sulphanilamidoacetate reacted 
very readily with aqueous ammonia and lower alkylamines to give compounds of type (I; R= H 
or alkyl). In aqueous-ammoniacal solutions of methyl or ethyl 4-sulphanilamidocinnamate, on 
the other hand, the carbalkoxy-group is stabilised by direct conjugation with the ionised 
—SO,°N- group with the result that the reactivity of these compounds is of the same very low 
order as that of the p-sulphanilamidobenzoic esters. Ethyl 3-sulphanilamidocinnamate, however, 
in which the carbethoxy-group is influenced only indirectly by the stabilising group, reacted 
with aqueous ammonia considerably more rapidly than did ethyl m-sulphanilamidobenzoate. 
Methyl and ethyl 5-sulphanilamidosalicylate appeared to be more reactive towards aqueous 
ammonia than were the corresponding m-sulphanilamidobenzoic esters, which was somewhat 
unexpected in view of the general tendency of ortho-substituents to impede this type of reaction 
(cf. Watson, ‘‘ Modern Theories of Organic Chemistry,”’ 1941, p. 244). 

Pharmacological examination of many of the compounds described in this communication 
and in Parts I and II has been carried out by Dr. G. Brownlee and his colleagues at the Wellcome 
Research Laboratories, Beckenham. In no case was the antibacterial action equivalent to that 
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of sulphadiazine, but from the standpoint of intestinal antisepsis the activity may, as in the case 
of sulphanilylguanidine, be of secondary importance in a compound which undergoes only slight 
absorption from the gastro-intestinal tract. Although, as pointed oyt by Bose, Ghosh, and 
Rakshit (Quart. J. Pharm. Pharmacol., 1946, 19, 5) the effectiveness of a sulphonamide against 
intestinal infection may depend on many effects other than poor absorbability, the question of 
the degree of absorption of sulphonamides from the gut has continued to attract attention from 
the theoretical as much as from the practical aspect; most speculations have been based, as are 
those in the present discussion, an the assumption that the determined concentration of drug 
in the blood-stream over a given period mirrors the absorbability. Thus Krebs and Speakman 
(Brit. Med. J., 1946, I, 50) have suggested that the degree of absorption of a sulphonamide may 
be related to its pK, value,* or rather to the degree to which it is ionised at the pH (7°4) prevailing 
in the small intestine, low absorption being a consequence of a low degree of ionization of the 
-SO,,NH- group. Insupport of this hypothesis the authors quote the observation (cf. Kinsman, 
Moore, and Harrison, J. Lab. clin. Med., 1940, 25, 1235) that sulphapyridine which is largely 
(94%) un-ionised at pH 7:4 is absorbed more slowly than the highly ionised sulphathiazole and 
sulphadiazine. Comparison of Dr. Brownlee’s pharmacological results with pK, measurements 
(see Tables II and III, for some of our compounds appears superficially to lend support 
to this hypothesis. Thus o-, m-, p-sulphanilamidobenzamide which have an unusually low 
degree of absorption from the gut are respectively 80, 91, and 80% un-ionised at pH 7-4. Sul- 
phanilamidoacetamide (99°9% un-ionised) and 4-sulphanilaminocinnamamide (89% un-ionised) 
are also poorly absorbed. The apparent agreement with the suggestion of Krebs and Speakman 
is however less striking in the case of 5-sulphanilamidosalicylamide (II), which, although only 
64% un-ionised, is reported to be poorly absorbed and about equally as effective as p-sulphanil- 
amidobenzamide against intestinal infections. The fundamental difficulty of the hypothesis 
seems to be that the assumption of absorption of sulphonamides from the gut mainly in the 
ionised form is contrary to the experience of many workers (cf. Eagle, J. Pharm. Exp. Ther., 
1945, 85, 280) who found that ions of weak acids pass through a wide variety of organic 
membranes with greater difficulty than do the corresponding undissociated molecules. White, 
Bell, Bone, Dempsey, and Lee (ibid, p. 247) have even suggested that the low permeability of the 
intestinal mucosa to the ionic form of the drug might account for low blood levels found with 
certain sulphanilamidocarboxylic acids. 

The alternative hypothesis of Rose and Spinks (Brit. J. Pharmacol., 1947, 2, 65) that the 
low absorption of certain sulphonamides, e.g., sulphanilylguanidine, may be due to union with 
a substrate in the gut content, or to the formation of dimeric molecules, through hydrogen- 
bonding, can probably be extended to include such compounds as the sulphanilamido-derivatives 
of benzamide, salicylamide, cinnamamide, and acetamide as well as the poorly absorbed 
2-sulphanilamidothiazole-5-carboxyamide (Florestano and Bahler, Joc. cit.), in all of which the 
presence of the carboxyamido-group indicates a high tendency to hydrogen-bond formation with 
neighbouring molecules (Hunter, Chem. and Ind., 1941, 32). Such a compound as #-sulphanil- 
amidophenyl cyanide, in which the power of hydrogen-bond formation is restricted, will offer 
less resistance to absorption. It is perhaps significant that o-sulphanilamidobenzamide, in 
which there is a possibility of intra- rather than inter-molecular saturation of the hydrogen- 
bonding power of the amide group, is more readily absorbed than either the m- or the p-isomer. 
The series of p-sulphanilamido-N-alkylbenzamides (Part II) would also be expected to possess 
a restricted power of intermolecular hydrogen-bond formation (cf. Rose and Spinks, Joc. cit.), 
but this is not reflected in the absorption results which show only the N-ethyl and the N-n-propyl] 
derivatives to be as well absorbed as the parent substance; the p-sulphanilamido-N-alkyl- 
benzamides are however of high molecular weight and very sparing solubility, factors which may 
act together to decrease the ease and speed of absorption. A similar argument can hardly be 
applied in the corresponding group of moderately water-soluble sulphanilamido-N-alkyl- 
acetamides, in which only the N-ethyl derivative is outstandingly better absorbed than the 
parent substance. While no definite conclusions can be drawn from the results for the alkylated 
compounds, the poor absorption of sulphanilamidoacetamide itself is in striking contrast to the 
relatively good absorption of sulphanilamide (cf. Hawkings, Brit. Med. J., 1945, I, 505) and 
bears out the conclusion that the hydrogen-bonding properties of the carboxyamido-group rather 
than the pK, value or the molecular size are primarily responsible for the low absorption of 
sulphanilamidocarboxyamides in general. 


* Methods of determining pK, are critically examined on pp. 3309, 3310. 
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EXPERIMENTAL. 


Unless otherwise indicated the sulphonamide derivatives were recrystallised from ethanol, using the 
pa a a described by Clarke and Kirner (Org. Synth., Coll. Vol. I, 1941, p. 375). All m. p.s are 
corrected. 

5-Sulphanilamidosalicylic Acid.—5-Aminosalicylic acid (7-65 g., 0-05 mol.), dissolved in water (80 c.c.) 
containing sodium hydroxide (5 g., 0-13 mol.), was treated at 40—50° (mechanical shaking) with N-acetyl- 
sulphanilyl chloride (11-7 g., 0-05 mol.) ground with water into a thin paste. The acetyl group was then 
removed by boiling the solution for 2 hours with a further quantity (5 g.) of sodium hydroxide. The 
resulting dark solution was treated with a little sodium dithionite (hydrosulphite) and brought to pH 2—3. 
The 5-sulphanilamidosalicylic acid (13-8 g., 90%) thus obtained was decolorised by treatment of its 
ammoniacal solution with charcoal and sodium dithionite, and the reprecipitated acid was crystallised 
from aqueous ethanol as a mass of felted needles, m. p. 222—-223-5° (decomp.) (slow heating) (Found : 
N, 91; S, 10-6. Calc.: N, 91; S, 10-4%). Crossley, Northey, and Hultquist (J. Amer. Chem. Soc., 
1938, 60, 2219) record m. p. >285° (decomp.) for this compound, but m. p. 224° is recorded in F.P. 
830,754 and U.S.P. 2,270,676. 

The N*-acetyl derivative of the above acid was obtained by acidification of the filtered solution after 
coupling or, less satisfactorily, by allowing 5-aminosalicylic acid to react with N-acetylsulphanilyl 
chloride in pyridine. Crystallisation (charcoal) gave a microcrystalline powder, m. p. ca. 265° (decomp.) 
(slow heating) (Found: N, 8-0; S, 9-1. C,,H,,0O,N,S requires N, 8-0; S, 9-15%). This compound is 
claimed in the above patents to have m. p. $49 945°, 

Esters of 5-Sulphanilamidosalicylic Acid.—The acid (29 g.) was refluxed for 5 hours with methanol 
(120 c.c.) and concentrated sulphuric acid (30 c.c.). The solution was poured into a mixture of ice and 
10% aqueous sodium hydroxide (380 c.c.), and sodium carbonate added to neutralise the excess of acid. 
Methyl 5-sulphanilamidosalicylate (26-4 g., 87%) thus obtained was only slightly soluble in ethanol, from 
which it separated as a crystalline powder, m. p. 188—189° (Found: N, 8-7; S, 10-0. C,,H,,0,N,S 
requires N, 8-7; S, 9-95%). 

A similar procedure was used to prepare the ethyl ester (80-85%) which crystallised from aqueous 
ethanol (charcoal) as a mass of fine needles, m. p. 186—187° (Found: N, 8-3; S, 9-6. C,;H,,0,N,S 
requires N, 8-3; S,9-5%). A good yield (77%) was also obtained by the simultaneous esterification and 
deacetylation of 5-N*’-acetylsulphanilamidosalicylic acid under the same conditions. 

5-Sulphanilamidosalicylamide.—The methyl ester (12-9 g.) was left for 5 days with aqueous ammonia 
(80 c.c.; d 0-880). Neutralisation gave 5-sulphanilamidosalicylamide which was decolorised by 
treatment of its ammoniacal solution with charcoal and sodium dithionite. The reprecipitated amide 
(10-2 g., 83%) crystallised in small needles, m. p. 221—222-5° (Found: C, 50-2; H, 4-0; N, 13-3; S, 10-4. 
'Cy3H,,0,N,5S requires C, 50-8; H, 4:3; N, 13-7; S, 10-4%). 

Ethyl 5-sulphanilamidosalicylate (10 g.) kept under similar conditions for 8 days gave the amide 
(8-1 g., 89%) and 5-sulphanilamidosalicylic acid (7%). When the ester (28-7 g.) was heated in an 
autoclave at 150° for 4 hours with aqueous ammonia (200 c.c.; d 0-880) (pressure 225 Ibs./sq. in.) only 
6-6 g. (25%) of the amide were obtained. 

When 5-sulphanilamidosalicylamide (4-0 g.) was treated with acetic anhydride in sodium hydroxide 
solution (cf. Part I), the N*-acetyl derivative (3-9 g.) was formed. This on crystallisation gave a felted 
mass of needles, m. p. 272—-273° (Found: C, 51-8; H, 4-7; N, 11-7; S, 9-0. C,;H,,;0;N;S requires 
C, 51-6; H, 43; N, 12-0; S, 9-2%). 

Reduction of 3-Nitrosalicylic Acid—A more convenient procedure for the preparation of 3-amino- 
salicylic acid than those previously recorded (Hiibner, Annalen, 1879, 195, 37; Deninger, J. pr. Chem., 
1890, 42, 551; Zahn, ibid., 1900, 61, 532) consisted in the addition of a suspension of sodium dithionite 
to a warm neutral solution of sodium 3-nitrosalicylate until the colour had changed from red to pale 
yellow. The solution was then brought to pH 5 and concentrated under reduced pressure until crystals 
appeared. This crop, with the addition of subsequent small crystalline deposits obtained on further 
concentration, amounted to a 47—50% yield of 3-aminosalicylic acid. The method of Zahn (loc. cit.) 
gave a 30% yield, and reduction by means of ferrous sulphate and ammonia gave even less satisfactory 
results. 

3-Sulphanilamidosalicylic Acid.—3-Aminosalicylic acid (10-2 g.), purified by reprecipitation from 
aqueous ammonia (charcoal), was coupled with N-acetylsulphanilyl chloride (15-3 g.) as described for the 
5-isomeride. One-tenth of the solution on acidification gave 3-N*’-acetylsulphanilamidosalicylic acid 
(1-38 g., 59%) which crystallised from —— ethanol in prisms, m. P; 265° (decomp.) (Found : N, 8-5; 
S, 9-1. C,;H,,0,N,S requires N, 8-0; S, 9-15%). The remainder of the solution was hydrolysed with 
excess of sodium hydroxide and then adjusted to pH 2—3. 3-Sulphanilamidosalicylic acid (10-3 g., 56%) 
thus obtained had, after crystallisation from aqueous ethanol, m. p. 217—218° (decomp.) (slow heating) 
(Found: N, 9-1; S, 10-4. C,,;H,,0O;N.S requires N, 9-1; S, 20-4%). From the hydrolysed solution 
1-95 g. (21%) of unchanged 3-aminosalicylic acid were recovered. 

3-Aminosalicylic acid (1-95 g.) reacted similarly with N-acetylsulphanilyl chloride (3-5 g.) in pyridine 
to give 3-N*-acetylsulphanilamidosalicylic acid (2-25 g., 50%). The consistently low yields obtained in 
the above reactions suggest a low degree of coupling activity in 3-aminosalicylic acid. 

Ethyl 3-Sulphanilamidosalicylate.—3-Sulphanilamidosalicylic acid (9-25 g.), esterified with ethanol 
and concentrated sulphuric acid, gave ethyl 3-sulphanilamidosalicylate (6-17 g., 61%) and unchanged acid 
(1-16 g., 13%). The ester crystallised from aqueous ethanol in fine felted needles, m. p. 176-5° (Found : 
N, 83; S, 95. C,,;H,,O;N,S requires N, 8-3; S, 9-5%). 

3-Sulphanilamidosalicylamide.—The ester (3-7 g.) was kept with aqueous ammonia (d 0-880) at room 
temperature for 8 days. On adjustment of the solution to pH 8—9, 3-sulphanilamidosalicylamide 
(3-0 g., 88%) was obtained which, after recrystallisation, formed nodules m. p. 193—194° (Found: C, 
50-9; H, 4:3; N, 13-9; S, 10-5. C,,H,,0,N,S requires C, 50-8; H, 4:3; N, 13-7; S, 10-4%). 
3-Sulphanilamidosalicylic acid (0-35 g., 10%) was recovered from the filtrate at pH 2—3. 

Ethyl 3-Sulphanilamidocinnamate.—3-Aminocinnamic acid, prepared from 3-nitrocinnamic acid by 
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reduction with ferrous hydroxide (Gabriel and Herzberg, Ber., 1883, 16, 2038), was coupled with N-acetyl- 
sulphanilyl chloride in aqueous sodium hydroxide, and the acetyl group removed by boiling with excess 
of alkali. The yield of crude 3-sulphanilamidocinnamic acid obtained was 55—60%, based on 3-nitro- 
cinnamic acid. On purification the acid formed small crystals, m. p. 214°, with change of form 
(accompanied by softening or melting) at ca. 195° (Ganapathi, J. Indian Chem. Soc., 1938, 15, 525, 
recorded m. p. 213°). The acid (11-5 g.) was esterified by refluxing it for 5 hours with ethanol (50 <a 
and concentrated sulphuric acid (12 c.c.); the resulting ethyl 3-sulphanilamidocinnamate (11-8 g., 94% 

crystallised from aqueous ethanol in needles m. p. 147—148° (Found : C, 58-8; H, 5-5; S,9-2. C,,H,,0,N,S 
requires S, 58-9; H, 5-2; S, 9-3%). 

3-Sulphanilamidocinnamamide.—The ester (0-87 g.) was set aside in aqueous ammonia (5c.c.; d 0-880) 
for 3 days at room temperature. On adjustment of the solution to pH 8—49, a precipitate of 3-sulphanil- 
amidocinnamamide (0-74 g., 96%) was obtained. The amide, which was only slightly soluble in hot 
ethanol, crystallised in small needles, m. p. 247° (Found: C, 56-7; H, 4-7; N, 13-4; S, 10-0. 
CysH1503N,S requires C, 56-7; H, 4-8; N, 13-2; S, 10-1%). 

When the ester (19-4 g.) was heated in an autoclave with aqueous ammonia (150 c.c.; d 0-880) at 
150° for 5 hours, the resulting solution gave only 4-7 g. (26%) of the amide, together with a considerable 
amount of 3-sulphanilamidocinnamic acid. 

Methyl 4-Sulphanilamidocinnamate.—The most obvious starting-material for this compound was 
4-sulphanilamidocinnamic acid, previously prepared by Ganapathi (loc. cit.). The coupling of 4-amino- 
cinnamic acid with N-acetylsulphanilyl chloride in aqueous alkali did not proceed however in a very 
satisfactory manner; it was more convenient to carry out this reaction with the ethyl ester. 

The ester was prepared in 50% yield from ethyl 4-nitrocinnamate by a modification of the method 
of Posner (J. pr. Chem., 1910, 82, 427): to a hot solution of ethyl 4-nitrocinnamate (7-5 g.) in glacial 
acetic acid (20 c.c.) were added stannous chloride (25 g.) and hydrochloric acid (20 c.c.; d@1-2). The 
mixture was boiled until all the solid had dissolved, poured on ice, and treated with excess of aqueous 
sodium hydroxide. The crude product was separated by filtration, dissolved in ethanol, and treated 
with aqueous sodium dithionite in order to ensure complete reduction. On dilution of the clear alcoholic 
solution, ethyl 4-aminocinnamate (3-3 g.) was obtained, which from aqueous ethanol formed crystals, 
m. p. 73° (Kindler, Ber., 1936, 69, 2805, recorded m. p. 74°, but Heilbron’s “ Dictionary of Organic 
Compounds,” 1943, I, 70, quotes an earlier figure, m. p. 68—69°). 

Ethyl 4-aminocinnamate, warmed in pyridine for 30 minutes with an equivalent amount of N-acetyl- 
sulphanilyl chloride, gave a quantitative yield of ethyl 4-N*-acetylsulphanilamidocinnamate, which 
formed crystals, m. p. 211° (Found: S, 8-35. C,,H.,.O,N,S requires S, 8-25%). 

The acetylated ester was hydrolysed by boiling it with 5% aqueous sodium hydroxide for an hour. 
The solution, treated with charcoal and adjusted to pH 2—3, gave 4-sulphanilamidocinnamic acid, which 
crystallised in small flakes, m. p. ca. 247° (decomp.) (Ganapathi, loc. cit., recorded m. p. 239°). The acid 
(4 g.) was refluxed with methanol (20 c.c.) and concentrated sulphuric acid (4 aay for 4 hours. On 
neutralisation, methyl 4-sulphanilamidocinnamate (4 g.) was obtained; this was only slightly soluble in 
ethanol, but gave therefrom a crystalline powder, m. p. 257° (Found: C, 57-8; H, 49; S, 9-8. 
C,6H,,0O,N,S requires C, 57-8; H, 4:9; S,9-9%). By a similar procedure the ethyl ester was prepared, 
which crystallised in small prisms, m. p. 221—222° (Found: N, 8-4; S, 9-8. C,,H,,0,N,S requires 
N, 8-1; S, 9°3%). 

4-Sulphanilamidocinnamamide.—The crude methyl ester (3 g.) was treated with aqueous ammonia 
(50 c.c.; d 0-880) and set aside for a month. On neutralisation, 4-sulphanilamidocinnamamide (2-1 g., 
75%) was obtained which, after reprecipitation from ammonia and recrystallisation, formed flattened 
crystals, m. p. 224-5° (Found: C, 56-8; H, 4:8; N, 13-3; S, 10-1. C,,;H,,0,N,S requires C, 56-7; H, 
4-8; N, 13-2; S, 10-1%). The filtrate from the amide gave a precipitate of 4-sulphanilamidocinnamic 
acid (0-1 g., 4%) at pH 2—3. 

Methyl 2-Sulphanilamidocinnamate.—As in the case of the 4-isomeride, the use of the ethyl ester of 
the aminocinnamic acid rather than the acid itself gave the most satisfactory results. Ethyl 2-amino- 
cinnamate (Friedlander and Weinberg, Ber., 1882, 15, 1422) was obtained from ethyl 2-nitrocinnamate 
by reduction with stannous chloride in the manner previously described. The reduction product was in 
this case separated by extraction with ether and purified by crystallisation from aqueous ethanol. The 
ester coupled readily with N-acetylsulphanilyl chloride in pyridine to give ethyl 2-N*-acetylsulphanil- 
amidocinnamate (92% yield) which crystallised from aqueous ethanol in needles, m. p. 215° (Found: N, 
7-2; S, 8-2. Cy,HO,N,S requires N, 7-2; S, 8-3%). The acetylated ester was hydrolysed with 5% 
sodium hydroxide solution to give 2-sulphanilamidocinnamic acid (92%) which crystallised from aqueous 
ethanol in fine needles, m. p. 256° (sharp decomp.) (Found: C, 56-7; H, 4-4. C,,H,,0,N,S requires 
C, 56-6; H, 4.4%). Esterification with methanol and concentrated sulphuric acid for 44 hours gave 
methyl 2-sulphanilamidocinnamate (94%) which crystallised in fine felted needles, m. p. 190—191° 
(Found: C, 57-9; H, 5-0. C,gH,,0,N,S requires C, 57-8; H, 4-9%). 

2-Sulphanilamidocinnamamide.—The crude methy] ester (3-5 g.) was set aside for a month with aqueous 
ammonia (70 c.c.; d 0-880). On partial neutralisation a small amount of tar separated, which was 
removed by filtration through charcoal. When the solution was adjusted to pH 8 a precipitate of 
2-sulphanilamidocinnamamide (2-7 g.) was obtained. The amide was only slightly soluble in hot ethanol ; 
it formed crystals, m. p. 237—-238° (Found: C, 57-2; H, 4-8; N, 13-1. C,,H,,0,N,S requires C, 56-7; 
H, = 8 te %). The mother-liquor from the amide gave a small amount of 2-sulphanilamidocinnamic 
acid at pH 2—3. 

3-Sulphanilamidophthalimide.—3-Aminophthalimide (cf. Kauffmann and Beisswenger, Ber., 1903, 
36, 2497; Bogert and Jouard, J. Amer. Chem. Soc., 1909, 31, 488) was conveniently prepared by the 
reduction of 3-nitrophthalimide (from 3-nitrophthalic acid, Org. Synth., Coll. Vol. I, 1941, p. 408) in 
aqueous-alcoholic solution with a saturated aqueous solution of sodium dithionite; the yield was approx. 
40%. The base (2-4 g.) was warmed with N-acetylsulphanilyl chloride (3-5 g.) in pyridine for 2 hours at 
80°. After evaporation of the excess of pyridine, 3-N*’-acetylsulphanilamidophthalimide (3-8 g., 72%) 
was obtained by shaking the residue with 10% hydrochloric acid; it formed yellow crystalline flakes, 
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m. p. 240—241° (decomp.) (Found: C, 52-8; H, 3-8; N, 11-75; S, 8-6. C,,H,,;0,N,S requires C, 53-5; 
H, 3-7; N, 11-7; 9%). 

Attempts to ‘deacetylate the above compound by acid hydrolysis always resulted in the formation of 
some 3-aminophthalimide by fission of the sulphonamido-group; contamination of the product was 
avoided by adopting the following procedure : 3-N*’-Acetylsulphanilamidophthalimide (11 g.) was added 
to boiling hydrochloric acid (100 c.c.; d 1-2), and the solution stirred for 5 minutes. Ice was added, and 
the solution diluted to 500 c.c. Unchanged acetyl compound (5-3 g.) was filtered off and the solution, 
having been neutralised with ammonia, was made just acid with acetic acid. 3- -Sulphanilamido- 
phthalimide (3-5 g., 70% of possible recovery) was obtained, which crystallised from 25%. aqueous ethanol 
(charcoal) in small primrose-yellow needles, m. p. 219° (Found: C, 53-1; H, 3-5; N, 13-3; S, 10-1. 
C,,H,,0,N,S requires C, 52-95; H, 3-5; N, 13-2; S, 10-1%). 

4-Sulphanilamidophthalimide. —4-Amino ophthalimide, prepared from 4-nitrophthalimide (Org. Synth., 
Coll. Vol. II, 1943, p. 459) by the method of Bogert and Renshaw (J. Amer. Chem. Soc., 1908, 30, 1141), 
was coupled with -acetylsulphanily] chloride as described for the 3-isomeride. 4-N* '- Acetylsulphanil. 
amidophthalimide, which was only very slightly soluble in hot ethanol, was obtained as a pale yellow 
Spex)” powder, m. p. 295° (decomp.) (Found: N, 11-6; S, 88. ©C,gH,,;0;N,S requires N, 11-7; 

8-9%) 

The acetyl derivative (4-5 g.), refluxed with 10% hydrochloric acid (50 c.c.) and glacial acetic acid 
(10 c.c.) for 75 minutes, gave 4-sulphanilamidophthalimide (0-9 g.) and unchanged substance (1-8 g.); 
further treatment of the latter with the same reagents (20 and 4 c.c.) for 90 minutes gave the deacetylated 
product (0-5 g.) and unchanged material (0-5 g.). The combined product (1-4 g., 40%) crystallised from 
50% aqueous ethanol in pale yellow prismatic needles, m. p. 266° (Found: N, 13-1; S, 10-0%). 

Ethyl 3-N‘-Acetylsulphantlamidopicolinate-—3-Aminopicolinic acid, prepared from quinolinimide 
according to Sucharda (Ber., 1925, 58, 1729), gave only a small yield of sulphonamide when coupled with 
N-acetylsulphanilyl chloride in pyridine. The acid (7 g.) was therefore esterified by refluxing it for 7 
hours in ethanolic hydrogen chloride. Ethyl 3-aminopicolinate (3-1 g., 37%) crystallised in needles on 
dilution of its ethereal solution with light petroleum (b. p. 40—60°). The ester was appreciably soluble 
in aqueous alcohol but crystallised from a small volume of ethanol in prismatic needles, m. p. 131— 
132°, which readily sublimed (Found: C, 58-5; H, 6-3. C,gH,O,N, requires C, 57-8; H, 6-1%). 
Alcoholic and ethereal solutions of the ester exhibited a violet or blue fluorescence. 

The ester (1-66 g.) was warmed for 1 hour at 80° with N-acetylsulphanilyl chloride (3 g.) in pyridine. 
The excess of solvent was removed and the residue treated with dilute hydrochloric acid. On 
neutralisation with aqueous sodium carbonate, ethyl 3-N*-acetylsulphanilamidopicolinate (2-23 g., 64%) 
was precipitated; it crystallised from 50% ethanol (charcoal) in yellowish prismatic needles, m. p. 
187—188° (Found: C, 53-5; H, 5-1; N, 11-8. C,.H,,O;N;S requires C, 52-9; H, 4-7; N, 11-6%). 
When the ester (0-7 g.) was refluxed with ethanol (4 c.c.) and concentrated sulphuric acid (1 c.c.) witha 
view to removing the acetyl group the molecule was disrupted. 

3-N“-Acetylsulphanilamidopicolinamide.—The acetylated ester (1-2 g.) was left for 3 days in aqueous 
ammonia (15 c.c.; d 0-88) at room temperature. The solution was then adjusted to pH 9. The 
precipitate of Che a ae et eee (1-0 g., 88%) crystallised in wo prisms, m. p. 
243—244° (Found: C, 50-9; H, 3-7 C,,H,,0O,N 's requires C, 50-3; H, 4:2; N, 16-8%). 

When the acetylated ester (0-3 g.) was heated with aqueous ammonia (2 c.c.) ina sealed tube at 150° 
for 5 hours, 3-N*’-acetylsulphanilamidopicolinamide (0-2 g., 69%) was similarly obtained (compare the 
experiment described below). 

3-Sulphanilamidopicolinamide.—The acetylated amide (1 g.) was boiled for 1 minute with 50% 
sulphuric acid (10 c.c.); the clear solution was poured on ice and made slightly alkaline. 3- -Sulphanil- 
amidopicolinamide (0-64 g., 73%) was obtained which crystallised in small prisms, m. p. 212—213° 
(Found : C, 49-8; H, 4:3; N, 19-3; S, 10-8. C,,H,,0,N,S requires C, 49-3; H, 4:1; N, 19-2; S, 11-0%). 

When ethyl 3-N® -acetylsulphanilamidopicolinate (0-3 g.) was heated with aqueous ammonia (5 c.c.) 
in a sealed tube at 150° for 15 hours hydrolysis of the acetyl group accompanied ammonolysis, and a 
small yield of 3-sulphanilamidopicolinamide (0-06 g., 25%) was obtained. 

Amides of Sulphanilamidoacetic Acid.—Ethyl sulphanilamidoacetate (cf. Crossley, Northey, and 
Hultquist, J. Amer. Chem. Soc., 1940, 62, 532; Cocker, J., 1940, 1574) was prepared by direct esteri- 
fication of N*-acetylsulphanilamidoacetic acid (20 g.) which was refluxed in ethanol (90 c.c.) with 
concentrated sulphuric acid (20 c.c.) for 5 hours. The excess of ethanol was removed, and the solution 
poured on ice and made alkaline with sodium carbonate. The ester obtained in this way was used 
without further purification. When shaken with aqueous ammonia (d 0-88) the ester reacted rapidly, 
and neutralisation after 1 hour gave sulphanilamidoacetamide. Crystallised from aqueous ethanol, this 
had m. p. 155° (Found: C, 42-2; H, 4-8; N, 18-3; S, 14-0. C,H,,0;N,S requires C, 41-9; H, 4:8; 
N, 18-3; S, 14-0%); it was readily soluble in water but sparingly so in ethanol. 

The substituted amides were obtained in good yield by keeping the ester for 2—3 days in aqueous 
solutions of methylamine (30%), ethylamine (33%), n-propylamine (40%), or n-butylamine (40%). The 
products obtained on neutralisation were crystallised from ethanol or aqueous ethanol to pive the 
following we: sulphanilamido-N-methylacetamide, m. p. 147° and 163—164° (dimorphs) (Found : 
N, 17-0. C,H ,0,N,S requires N, 17-3%), -N-ethylacetamide, large crystals, m. p. 126—127° (Found : 
N, 15-9; S, 12-8. Cj H,,0O,;N3;S requires N, 16-3; S, 12-5%), -N-n-propylacetamide, long prisms, 
m. p. 140° (Found: N, 15-5; S, 11:8. C,,H,,0;N;S requires N, 15-5; S, 118%), and -N-n-butyl- 
acetamide, m. p. 109—110° (Found: N, 14-8; S, 11-2. C1H,,03N,S requires N, 14-7; S, 11-2%). 

Reactivity of Sulphanilamidocarboxylic Esters towards Ammonia.—The tests were carried out at room 
temperature in sealed glass tubes using 0-0025 mol. of the ester and poe ammonia (5 c.c.; d 0-885). 
The results in Table I are comparable with those recorded for a series 0 esters in Part I (loc. cit. 7 Table I) 


as the same standard procedure was used in both cases. The percentage “ extent of reaction ’’ is based 
in each case on the recovery of unchanged ester from weakly alkaline solution in which the reaction products 
(i.e., the amide and any acid formed by hydrolysis) were soluble; the amount of amide produced was 
however used as a check on the accuracy of this procedure. The hydrolytic reaction is not significant 
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under these conditions, although it becomes the main reaction at 150° in the case of ethyl 
5-sulphanilamidosalicylate and ethyl 3-sulphanilamidocinnamate (gq. v.) (cf. Part II). 

Absorption Results.—The figures for the absorption of the named compounds (Table II) in mice 
were obtained by the administration of 25 mg./100 g. (unless otherwise stated) in 10% mucilage of gum 
acacia to groups of 5 mice per os; bleedings of peripheral blood were obtained at intervals and the drug 
determined in the blood by a modified Bratton—Marshall method. The percentage of drug in un-ionised 
form was deduced from Table III. 


TABLE I, 
Relative rates of ammonolysis. 
Extent of 
Ester. Time, days. reaction, %. 

Ethyl p-sulphanilamidobenzoate............::cscseeeeeeseeees 148 59 

», 4-sulphanilamidocinnamate ...............scccseeeeees 148 61 
Methyl p-sulphanilamidobenzoate *  ............:2sseceeeeee 15 83 

is 4-sulphanilamidocinnamate ............sseeeeeeeere 15 53 
Ethyl m-sulphanilamidobenzoate * —...........seeeeeeeeeees 2-8 55 

»,  8-sulphanilamidocinnamate * —...........ceeeeeeeee 2-8 100 

»  S-sulphanilamidosalicylate  ............sccescseseeeees 2-8 100 
Methyl m-sulphanilamidobenzoate * ............ssseeseeeeee 1-7 80 

- 5-sulphanilamidosalicylate ...........scssssssseeeeees 1-7 99-5 


* Compounds completely in solution at the commencement of the reaction. 


TABLE II. 


Blood concentration, at hours after 
dosage, in mg./100 ml. of blood, of total Drug in 





drug (free + conjugated). un-ionised 
P A . form at 
Compound. 4. a 2. 3. 4}. 6.. pH 7-4, % 
SalgeMGIGOMIINS 20.00.0000 20c0cccecsecerstcereseveves 3-3 3-9 4-4 3-5 3-7 4:2 100 
o-Sulphanilamidobenzamide ..............ssseeeeeeees 65 13-1 14-7 12-6 9-5 8-7 80 
m- ie ns |, Fe seepeeenbaeipanes ital 35 33 39 32 34 #£3-4 91 
- io. On... geebeteeesamninebentadvatens 33 67 #68 72 64 — 80 
p-Sulphanilamido-N-methyl-benzamide ............ 05 OF O04 O83 OF1 O01 83 
re -N-ethyl- os! hebtopasebes 60 91 52 54 40 25 86 
4s -N-n-propyl- en 7-6 5-4 5-3 5-5 4:3 2-1 ca. 86 
— -N-m-butyl- s,s een eeeeeee 0-2 1-6 0-2 0-3 0-2 0-2 ca. 86 
a -NN-dimethyl- ,, — .....eeee0ee 2-1 32 27 26 O68 0-4 86 
5-Sulphanilamidosalicylamide ..............s+sse++++ 3-2 1-8 14 05 00 00 64 
4-Sulphanilamidocinnamamide * (50 mg./100 g.) 00 36 18 14 00 — 89 
Sulphanilamido-acetamide ...........:.::sseeeeeeeeeees 12 0-7 05 O1 0-1 0-1 
on -N-methyl-acetamide ............... 1-6 1-4 1-2 0-4 0-2 0-1 
si -N-ethyl- Sa. |~=«(« Ratapptiaaneidl 13-9 143 133 75 46 1-1 99-9 
‘s <LE-DEORFE~ gg het cescvesccse 2-4 2-2 12 03 00 — 
- -N-n-butyl- a 0-6 1-6 0-5 0-1 eT — 
p-Sulphanilamidophenyl cyanide ..............s+s00++ -—— — —_ — 300 — 58 
be (10 mg./100 g.) {6-7 10:0 10-9 11-4 11-7 11-9 


* No figures obtained with usual dosage. 


pK, Values.—Approximate values of pK, at 20° were established from glass-electrode determinations 
of pH, using a standard Cambridge pH meter, on aqueous solutions (0-0025m.) of the sulphonamide 
half-neutralised with 0-1N-sodium hydroxide (carbonate-free) (cf. Walker, J., 1945, 633). As some of the 
compounds were sparingly soluble in water, consideration was given to the use of 50% ethanol as a 
solvent (cf. Bell and Roblin, J. Amer. Chem. Soc., 1942, 64, 2915; Cook, Heilbron, Reed, and Strachan, 
J., 1945, 864). The assumption of Bell and Roblin (Joc. cit.) that pK, values obtained in 50% alcohol 
can be accurately converted into pK, (water) is based on the work of Michaelisand Mizutani (Z. physikal. 
Chem., 1925, 116, 135) and Mizutani (ibid., 1925, 118, 318) and on the fact that a smooth curve resulted 
when values of pK, (water) were plotted against pK, (50% ethanol) for six individual sulphonamides. 
The procedure has now been more fully tested against a larger number of sulphonamides (Tables III and 
IV) and appears to be less reliable than previously assumed. 

Since the dissociation constant of an acid is dependent on the dielectric constant of the solvent 
(Wynne-Jones, Proc. Roy. Soc., 1983, 140 A, 440; Minnick and Kilpatrick, J. Physical Chem., 1939, 43, 
259) it would seem possible in the ideal case to deduce pK, (water) from the value of pK, in another 
solvent, utilising the linear relationship between the free energies of ionisation (—RT1n K) in the two 
solvents, i.e., a relationship between potential energy terms in the standard equilibrium equations. 
Such a relation can apply only if the equations contain negligible kinetic-energy terms. Such kinetic- 
energy terms are, however, in some cases closely related to the interaction of solute with solvent; thus 
proximity terms due to ortho-substituents and, in aliphatic compounds, free rotational and vibrational 
terms appear in the action of changing the solvent (Hammett, Trans. Faraday Soc., 1938, 34, 156) as is 
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shown by comparison of relative acidity constants in water and butanol (Wooten and Hammett, J. Amer, 
Chem. Soc., 1935, 57, 2289). Similarly the results of Michaelis and Mizutani (loc. cit.) and Mizutani (Joc. 
cit.; Z. physikal Chem., 1925, 116, 350) indicate appreciable irregularity in the effect on pK, of a change of 
solvent from water to 60% alcohol both in the aromatic and in the aliphatic series. Hammett (‘‘ Physical 
Organic Chemistry,’’ 1940, p. 259; J. Amer. Chem. Soc., 1937, 59, 102) concludes that the relative 


TABLE III. 
pK, (50% 
pK, (water)*® w/v EtOH) pK, (water) 

(0-0025m.). (0-01mM.). ApK,. (lit.). 
DIAIIND ee sccscssncsececsonscecnensaccsonsce 10-7 — — 10-56 } 
RIND 5s wnccsesccocarsevacsosccsvesssoeess 8-62 9-8 1-2 8-522 
INNER - Gleancvncsosenverscsdosccescussvonne 7-41 8-5 1-1 7-30 8 
3-Sulphanilamidosalicylamide .................. 71 8-1 1-0 ~ 
5-Sulphanilamidosalicylamide ...............+++ 7-65 9-15 1-5 — 
o-Sulphanilamidobenzamide................20+++ 8-0 9-4 1-4 7-74 
m-Sulphanilamidobenzamide ...............+.: 8-45 10-2 1-75 — 
p-Sulphanilamidobenzamide...................+. 8-02 9-9 1-9 “= 
p-Sulphanilamido-N-methylbenzamide ...... 8-1 10-0 1-9 —- 

ss -N-ethylbenzamide ......... 8-2 10-0 1-8 — 

* -N-n-propylbenzamide —_ 10-1 — _ 

a -N-n-butylbenzamide ...... — 10-1 — — 

“ -NN-dimethylbenzamide 8-5 10-15 1-65 — 
Sulphanilylsulphanilamide .................0+6+ 7-63 9-45 1-8 7°85 5 
4-Sulphanilamidocinnamamide ............... 8-3 10-2 1-9 ~- 
p-Sulphanilamidophenyl cyanide ® ............ 7-55 9-0 1-45 7-54 
Sulphanilamidoacetamide? ...............+.0+5+ 10-35 —_ _ _- 
Sulphanilamido-N-methylacetamide?’ ...... ’ 10-4 — — — 

a -N-ethylacetamide?’ ......... 10-25 — — one 
‘a -N-n-propylacetamide’ ...... 10-4 _— — _— 
- -N-n-butylacetamide? ...... 10-4 — — — 


1 Mean of 6 determinations: 10-5 (Fox and Rose, Proc. Soc. Exp. Biol. Med., 1942, 50, 142), 
10-66 (Schmelkes e# al., ibid., p. 145), 10-56 (Walker, loc. cit.), 10-43 (Bell and Roblin, loc. cit.), 10-65 
(Cook et al., loc. cit.), 10-58 (Jordan and Taylor, J., 1946, 994). 

2 Mean of 5 determinations: 8-5 (Fox and Rose, loc. cit.), 8-29 (Schmelkes et al., loc. cit.), 8-4 (Bell 
and cr loc. cit.), 8-7 (Cook et al., loc. cit.), 8-7 (Nielson and Wollfbrandt, Dansk Tidsskr. Farm., 
1940, 14, 113). 

3 Mean of 4 determinations: 7-21 (Schmelkes et al., loc. cit.), 7-12 (Bell and Roblin, loc. cit.), 7-6 
(Nielson and Wollfbrandt, Joc. cit.), 7-26 (Stockton and Johnson, Joc. cit.). 

* Cook e¢ al. (loc. cit.). 

5 Bell and Roblin (loc. cit.). 

* Alternatively, p-sulphanilamidobenzonitrile (cf. Part II, loc. cit.). 

7 Dissolved in water at room temperature. 

8 Hydrolysis corrections applied where significant. 


TABLE IV. 
pK, (30% pK, (40% pK (50% 
pK, (water) w/v EtOH) w/v EtOH) w/v EtOH) 
(0-0025m.). (0-Olm.). ApK,. (0-O0lm.). ApK,. (0-0lm.). ApK,. 
Sulphathiazole .................. 7-41 8-07 0-7 8-30 0-9 8-53 1-1 
Sulphapyridine .................. 8-62 9-33 0-7 9-55 0-9 9-81 1-2 
Sulphanilylsulphanilamide ... 7-63 8-66 1-0 9-08 1-45 9-45 1-8 
p-Sulphanilamidobenzamide 8-02 9-12 1-1 9-53 1-5 9-92 1-9 


strengths of a series of acids of a given charge type in one solvent are simply and quantitatively related 
to those in another only in the limited case of meta- and para-substituted benzoic acid derivatives. The 
influence of ‘‘ special factors ’’ on the sequence of strengths of a series of acids in different solvents has 
been discussed by Dippy (J., 1941, 550; cf. Davey and Dippy, J., 1944, 411) who does not however 
mention the varying type and degree of solvation of the hydroxyl group as a possible cause of 
the anomalous behaviour of m-hydroxybenzoic acid when transferred from aqueous to alcoholic solution. 
Solvent-—solute interaction of this t assumes importance when considered in relation to the conclusion 
of Kolthoff, Lingane, and Larson (J. Amer. Chem. Soc., 1938, 60, 2512) that the change in pK, isa 
function of the distribution constants (D) between the two solvents, of the different molecular and ionic 
species involved in the acid—base equilibrium: ApK, = log Dg+D,- — log Dy. There appears to be 
no reported work to show the influence of solvent on the ionisation of an acidic NH group; but, even if 
it can be assumed that resonance effects assure the rigidity of such sterically unhindered molecules as 
sulphanilamide, /-sulphanilamidobenzamide, and 4-sulphanilamidocinnamamide (cf. Pauling, J. Amer. 
Chem. Soc., 1936, 58, 94) and that the dissociation of NH-compounds, like that of phenols (Boyd and 
Marle, J., 1914, 105, 2117; Goldsworthy, J., 1926, 1254; Jenkins, J., 1939, 1137) is not subject to ortho- 
effects, it is very probable that kinetic-energy terms will be introduced with compounds of this type in 
which are present substituents capable of bringing about a variable degree of association or solvation 
through hydrogen-bonding. 
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In Tables III and IV are recorded variations in pK, for a change of solvent from water to 50% (w/v) 
ethanol (with a constant change in concentration from 0-0025 to 0-0lm.). Sulphanilamide and the 
sulphanilamidoacetamides -~ apparent pK, values in 50% ethanol of the order of 11-5; these figures 
are not recorded in the Table in view of the large and somewhat uncertain hydrolysis correction involved 
in the case of such weak acids. If the compounds sulphapyridine and sulphathiazole are taken as a 
basis of comparison (cf. Bell and Roblin, Joc. cit.), the mean value of ApK, (water —-> 50% ethanol) is 
1:15. In most of the compounds tested, ApK, was considerably greater than this standard figure, and 
in some cases was as high as 1-9. The most divergent compounds include m- and p-sulphanilamido- 
benzamide, 4-sulphanilamidocinnamamide, and 4-sulphanilylsulphanilamide, in each of which there is 
a possibility of association with neighbouring molecules .through hydrogen-bonding. In o-sulphanil- 
amidobenzamide and in 3- and 5-sulphanilamidosalicylamide, in which there is a possibility of intra- as 
wellasinter-molecular hydrogen bond formation, the values of ApK,arenearertothestandard. Although 
it is not possible at present to explain fully the irregularities encountered, the results show clearly that 
pK, values determined in 50% ethanol are in general reliable only as a rough guide to the corresponding 
values of pK, (water); an error at least as great as 0-75 pK, unit may be involved in the use of a 
standardisation curve. That a corresponding discrepancy is encountered in solvents containing lower 
concentrations of ethanol is shown by Table IV. It is evident that the only reasonably accurate method 
of determination of pK, (water) using alcoholic solutions is the method of extrapolation (cf. Stockton and 
Johnson, J. Amer. Pharm. Assoc., 1944, 33, 383). The recording of ApK, values for many heterocyclic 
bases (Albert and Goldacre, J., 1946, 706; Albert, Goldacre, and Phillips, J., 1948, 2240) has led workers 
in that field to a similar conclusion (Albert, personal communication). 

Values of pK, (water) for three of the more sparingly soluble substances in Table III were estimated 
by a method wt on the formation of a supersaturated solution on cooling of a hot aqueous solution 
of two slightly soluble sulphonamides dissolved in equimolecular proportions. At half-neutralisation the 
fundamental equation for two weak acids [cf. Michaelis, “‘ Hydrogen Ion Concentration,’’ Vol. I, 1926, 

. 47, equation (le)] reduces to 2pH = pK, + pK,, so that, if pK, for one constituent of the mixture is 
Sewe, pK, can be determined. The method is useful for closely related substances which do not 
interact. Since buffering is at a minimum at the half-neutralisation point it is necessary for accuracy 
that the two values pK, and pK, should not differ greatly. The procedure was tested successfully against 
mixtures of various sulphonamides of known pK, selected from Table III. When applied to very sparingly 
soluble sulphonamides it proved to be of somewhat limited applicability; satisfactory results were 
obtained with p-sulphanilamido-N-methyl-, -N-ethyl- and -NN-dimethyl-benzamide in admixture with 
p-sulphanilamidobenzamide, but with the N-n-propyl and N-n-butyl derivatives under the same 
conditions supersaturated solutions could not be obtained. 


The author is grateful to Dr. T. A. Henry for valuable suggestions and to Dr. G. Brownlee for the 
pharmacological data. Thanks are also due to Messrs. D. T. Warren, J. R. Soar, and R. Penfound for 
experimental assistance, and to Mr. A. Bennett for the microanalyses. 
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692. The Preparation and Reactivity of Some 2-Methanesulphonyl- 
benzazoles. 
By Eric HocGartu. 


2-Methanesulphonyl-benzoxazole, -benziminazole, and -benzthiazole and derivatives thereof 
have been prepared and their reactions with amines examined. Convenient preparations of 
2-alkylamino-, 2-hydroxy-, and 2-alkoxy-benzthiazoles from the corresponding methane- 
sulphonyl compounds are described. 


WaItst the methanesulphonyl group of 5-methanesulphonyl-3-phenyl-1 : 2: 4-triazole is 
apparently inert towards amines (Hoggarth, this vol., p. 1163), the same group in 2-methane- 
sulphonyl-5-phenyl-1 : 3 : 4-oxadiazoles is very easily replaced by primary amines (this vol., 
p. 1918). An examination has now been made of the displacement of the methanesulphonyl 
group by amines in a number of benzazolylsulphones. 2-Methanesulphonylbenziminazole, readily 
obtained by oxidation of the corresponding methylthio-compound, was more reactive than the 
methanesulphony]l triazole and reacted (with difficulty) with 2-diethylaminoethylamine, though 
not with isopropylamine, at the highest temperature tried. 2-Methanesulphonylbenzoxazole, 
obtained similarly, was very reactive and on crystallisation from water gave 2-hydroxybenz- 
oxazole; like the methanesulphonyl-oxadiazole, it reacted with 2-diethylaminoethylamine and 
isopropylamine very easily, giving the corresponding substituted 2-aminobenzoxazoles. The 
reactivity of a number of 2-methanesulphonylbenzthiazoles was intermediate between that of 
the two preceding benzazolyl sulphones, and these compounds have been used for the preparation 
of 2-aminobenzthiazoles with substituents on the amino-group. Tuda, Sakamoto, Matsuda, and 
Kanno (J. Pharm. Soc. Japan, 1940, 60, 184) showed that heating 2-aminobenzthiazoles with 
3-diethylaminopropyl bromide gave 2-imino-3-3’-diethylaminopropylbenzthiazolines and that 
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2-acetamidobenzthiazoles under similar conditions gave 2-acetimidobenzthiazolines. 2-Dialkyl- 
aminoalkylaminobenzthiazoles were obtained by treating the alkali-metal salts of 2-acetamido- 
benzthiazoles with dialkylaminoalkyl halides or 2-chlorobenzthiazoles with dialkylaminoalky]- 
amines. The present route, starting from the readily accessible benzthiazole-2-thiols, is more 
convenient. 

Methylation of 5-chloro- and 5-methoxy-benzthiazole-2-thiol gave 5-chloro-2-methylthio- and 
2-methylthio-5-methoxy-benzthiazole, and these were oxidised to the corresponding sulphones (I; 
R = Cl or OMe). Similarly were prepared (II; R =H or NO,). In these compounds the 
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methanesulphonyl group was readily displaced by warming them with various primary amines, 
and nine benzthiazole derivatives were thus obtained in good yield. The compound (IV; R = 
NO,, R’ = NH*(CH,],"NEt,) was also obtained by nitrating (III; R=H, R’= 
NH*(CH,],*NEt,), and this nitro-compound and (IV; R = NO,, R’ = NHPr') were reduced 
to the corresponding diamines. Reaction with ammonia or secondary amines was much less 
easy, gave poor yields, and needed temperatures much higher than were necessary for primary 
amines. 

The methanesulphony] group of 2-methanesulphonyl-benzthiazoles is also easily removed by 
mineral acids, giving 2-hydroxybenzthiazoles (benzthiazolones) in excellent yield. Further, by 
the action of a solution of sodium alkoxide in an excess of the corresponding alcohol, five 
2-alkoxy-derivatives were obtained in good yield. The properties of 2-methoxybenzthiazole 
prepared in this way agreed with those recorded by Davies and Sexton (J., 1942, 304), and it was 
converted by heat into 3-methylbenzthiazolone (_V; R =H). Isomerisation under similar 
conditions took place with (III; R = Clor OMe, R’ = OMe) to give the corresponding 3-methyl- 
benzthiazolones (V; R= Cl or OMe). When the isopropyl compounds (III; R =H or Cl, 
R’ = OPr') were heated, an unsaturated inflammable gas, presumed to be propylene, was 
rapidly evolved and the pure hydroxy-compounds (III; R = Hor Cl, R’ = OH) were obtained. 

Johnson and Sprague (J. Amer. Chem. Soc., 1935, 57, 2252) have suggested that, when 
2-ethanesulphonyl groups were displaced from certain pyrimidine derivatives by acids, ethane- 
sulphinic acid was formed and that this decomposed to give (mainly) sulphur dioxide. We have 
proved that, when the methanesulphonyl groups of 2-methanesulphonylbenzthiazoles are 
displaced by a solution of sodium in an excess of isopropyl alcohol, a colourless crystalline 
substance which separates is sodium methanesulphinate, for its reaction with benzyl chloride 
gave benzyl methyl sulphone. 


EXPERIMENTAL. 


2-Methylthiobenziminazole.—Benziminazole-2-thiol (15-0 g.) in N-sodium hydroxide (100 c.c.) was 
shaken with methyl iodide (10 c.c.) and alcohol (50 c.c.) for 0-5 hour; the solid product crystallised from 
ethyl acetate in colourless needles (13-0 g.), m. p. 201° (Found: C, 58-8; H, 5-0; S, 19-7. C,H,N,S 
requires C, 58-55; H, 4-9; S, 19-5%). 

2-Methanesulphonylbenziminazole.—The methylthio-compound (24-0 g.) in acetic acid (300 c.c.) was 
stirred whilst a solution of potassium permanganate (66-0 g.) in water (1 1.) was added during 2 hours, 
the temperature being kept below 30° by cooling as necessary. After 1 hour, ice (1 kg.) was added, 
sulphur dioxide was passed in until the solution was bleached, and the white sulphone collected and crystal- 
lised from ethyl acetate, giving colourless needles (14-8 g.), m. p. 202° (depressed to 174° by the 
methylthio-compound) (Found: C, 49-4; H, 4:2; S, 16-5. C,H,O,N,S requires C, 49-0; H, 4-1; S, 
163%). 

2-2’-Diethylaminoethylaminobenziminazole.—2-Methanesulphonylbenziminazole (4-0 g.), and 2-diethyl- 
aminoethylamine (5-0 c.c.) were heated at 160—170° for 3 hours and then cooled, and the product was 
dissolved in 10% acetic acid. After filtration from a small residue, the clear orange solution was made 
alkaline (sodium hydroxide), and the oily amine extracted with ether, dried, and distilled, giving a yellow 
oil, b. p. 320—322°/0-1 mm., which solidified to a crystalline mass (3-9 g.), m. p. 120—122°. From 
benzene-light petroleum (b. p. 60—80°) stout colourless needles, m. p. 126—128°, were obtained (Found : 
C, 67-5; H, 8-7. C,s3H.»N, requires C, 67-2; H, 8-6%). When this experiment was repeated, but at 
130° for 6 hours, the solid insoluble in 10% acetic acid was crystallised from ethyl acetate, giving un- 
changed sulphone (3-5 g.), m. p. 198—199° (Found: C, 49-0; H, 4-4; S, 16-2%). The sulphone was 
also recovered unchanged after being heated with isopropylamine for 6 hours at 140—150° (sealed tube). 

2-Methanesulphonylbenzoxazole.—2-Methylthiobenzoxazole, b. p. 146—147°/28 mm. (Found: C, 
58-3; H, 4-3; S,19-2. Calc. forC,H,ONS: C,58:2; H,4-2; S, 19-4%), prepared as for the benziminazole 
compound (cf. Kendall, B.P. 475,647), was oxidised in the same way. After removal of the manganese 
dioxide, the crystalline solid was collected, quickly dried in a vacuum over phosphoric oxide, and dissolved 
in cold dry benzene. The filtered solution (charcoal) was treated with an equal volume of warm light 
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petroleum (b. p. 60—80°), whereupon colourless prisms of the sulphone rapidly formed. The crystals 
were collected, washed with benzene-light petroleum, and dried in a vacuum over wax (Found : C, 49-1, 
48-8; H, 3-5, 3-5; S, 15-9. C,H,O,NS requires C, 48-8; H, 3-6; S, 16-2%). The crystals had no 
definite m. p., appearing to sinter at 45°, and gradually decomposed giving a clear melt at 110—115°. On 
storage in the air they rapidly decomposed, becoming moist-looking; they lost their crystalline form ina 
few days in a desiccator. When the crude sulphone was crystallised from water, colourless prisms of 
2-hydroxybenziminazole, m. p. 137° not depressed by an authentic specimen (Sandmeyer, Ber., 1886, 19, 
2656), were obtained (Found : C, 62-2; H,3-9; N,10-4. Calc. forC,H,O,N : C,62-2; H,3-7; N,10-4%). 

2-2’-Diethylaminoethylaminobenzoxazole.—2-Diethylaminoethylamine (2 c.c.) at 50° was stirred and 
treated with the powdered methanesulphonyl compound (2-0 g.) during 0-5 hour. The reaction was very 
violent and the temperature rose to 110—120°. The residue was dissolved in 10% acetic acid, filtered, 
and made alkaline (sodium hydroxide), and the precipitate extracted with ether, dried, and distilled, 
giving the yellow oily amine (1-0 g.), b. p. 148—-150°/0-5 mm. (Found: C, 66-5; H, 8-2. C,,H,,ON,; 
requires C, 67-0; H, 8-2%). A hydrate was formed exothermally on rubbing the compound with water 
and crystallised in colourless needles, m. p. 60°, from light petroleum (b. p. 40—60°) on cooling in ice 
(Found : C, 61-8; H, 8-3. C,s3H,sON;,H,O requires C, 62-2; H, 84%). The dipicrate crystallised from 
alcohol in yellow needles, m. p. 176—178° (Found: C, 43-4; H, 3-7. C,3;H,,ON;,2C,H,0,N, requires 
C, 43-5; H, 3-6%). 

2-isoPropylaminobenzoxazole.-—The sulphone was added to an excess of cold isopropylamine (under 
reflux), a vigorous reaction then taking place. The residue was dissolved in N-hydrochloric acid, filtered, 
and precipitated with sodium hydroxide. From aqueous alcohol, a hemihydrate forming colourless 
plates, m. p. 88°, was obtained (Found : C, 64-5; H, 7-3. C 9H,,ON,,$H,O requires C, 64-8; H, 7-0%) ; 
when dried at 60° these plates effloresced, giving the anhydrous base as a white powder, m. p. 78—79° 
(Found: C, 67-9; H, 6-5. C,9H,,ON, requires C, 68-2; H, 6-8%). 

5-Chloro-2-methylthiobenzthiazole.—5-Chlorobenzthiazole-2-thiol was prepared from 1 : 4-dichloro-2- 
nitrobenzene by the method used by Dunbrook and Zimmermann (J. Amer. Chem. Soc., 1934, 56, 2734) 
for preparation of benzthiazole-2-thiol from o-chloronitrobenzene; it formed large, colourless, refractive 
prisms, m. p. 202°, from ethyl acetate (Tschunkur and Herdieckeroff, G.P. 518,206, give m. p. 195°). The 
thiol (10-0 g.) was triturated with N-sodium hydroxide (100 c.c.), filtered, and shaken with methyl iodide 
(4-0 c.c.) in alcohol (10 c.c.) for} hour. After 1 hour the solid product was collected, washed with water, 
dried at 50°, and crystallised from alcohol or light petroleum (b. p. 60—80°), giving colourless flattened 
S208%., g.), m. p. 76° (Found: C, 44-7; H, 3-0; S, 30-3. C,H,NCIS, requires C, 44-55; H, 2-8; 
S, 29-8%). 

2-Methylthio-5-methoxybenzthiazole.—This compound, prepared from the corresponding thiol [prepared 
as for the 5-chloro-compound from 4-chloro-3-nitroanisole; needles, m. p. 199°; Ney (U.S.P. 1,788,585) 
gives m. p. 201°], was distilled, giving a colourless oil, b. p. 146—148°/0-2 mm., which crystallised, on 
cooling, to a mass of large prisms, m. p, 43° (Found: S, 30-6. C,H,ONS, requires S, 30-3%). 

5-Chloro-2-methanesulphonylbenzthiazole (1; R = Cl).—The methylthio-compound (10-6 g.) in acetic 
acid (75 c.c.) was stirred whilst a solution of potassium permanganate (16-5 g.) in water (250 c.c.) was 
added during 0-5 hour, the temperature not being allowed to rise above 35°. After 1 hour, water (500 c.c.) 
was added and, with good cooling, sulphur dioxide was passed until the colour was discharged. The 
sulphone was collected, dried at 70° (11-0 g.; m. p. 145—146°), and crystallised from benzene, giving 
colourless plates (8-6 g.), m. p. 149° (Found: C, 39-1; H, 2-6; S, 25-9. C,H,O,NCIS, requires C, 38-8; 
H, 2-4; S, 25-8%). 

The following benzthiazoles were obtained in similar experiments: 2-methanesulphonyl-5-methoxy- 
(I; R = OMe), stout colourless needles, m. p. 108—109°, from benzene-light petroleum (b. p. 60—80°) 
(Found : C, 44-6; H, 3-8; S, 26-7. C,H,O,NS, requires C, 44-4; H, 3-7; S, 26-4%), 2-methanesulphonyl- 
(I; R = H),* colourless prisms, m. p. 92—93°, from alcohol (Found: S, 30-2. C,H,O,NS, requires S, 
30-0%), and 6-nitro-2-methanesulphonyl- (II; R = NO,), faintly yellow needles, m. p. 186—188° from 
alcohol (Cutter and Golden, J. Amer. Chem. Soc., 1947, 69, 832, give = 186°). 

5-Chloro-2-isopropylaminobenzthiazole (III; R=Cl, R’ = NHPr).—The_ methanesulphonyl 
compound (20-0 g.) and dry isopropylamine (40-0 c.c) were heated for 1 hour in a sealed tube, cooled, and 
ground with n-hydrochloric acid. The insoluble hydrochloride was collected and crystallised from alcohol, 
giving colourless prisms, m. p. 248—250° (Found: N,.11-1; Cl, 26-5; S, 12-5. C,H,,N,CIS,HCI 
requires N, 10-6; Cl, 27-0; S, 12-2%). The salt was decomposed with warm N-sodium hydroxide, and 
the base collected and crystallised from light petroleum (b. p. 60—80°), giving colourless fibrous needles 
(9-5 g.), m. p. 125—126° (Found: C, 52-9; H, 4:9; S, 14-1. C,9H,,N,CIS requires C, 53-0; H, 4-9; S, 
14-1%). 

5-Chloro-2-2’-diethylaminoethylaminobenzthiazole (III; R = Cl, R’ = NH-[CH,],*NEt,).—2-Diethyl- 
aminoethylamine (6-0 c.c.) was heated to 100° and the methanesulphonyl compound (5-0 g.) was added 
at such a rate that the temperature did not rise above 110°. After 5 minutes the mixture was cooled, 
diluted with water (100 c.c.), made just acid (acetic acid), and filtered (charcoal), and the filtrate stirred 
with cooling in ice whilst 10N-sodium hydroxide was added to strong alkalinity. The crystalline 
precipitate was collected, washed with water, dried at 80° (6-0 g.; m. p. 90°), and crystallised from light 
petroleum (b. p. 60—80°), giving large colourless needles (4-5 g.), m. p. 92° (Found: C, 55-3; H, 6-3; S, 
11-6. C,s3H,,N;CIS requires C, 55-0; H, 6-3; S, 11-3%). 

The following benzthiazoles were obtained in similar experiments from the corresponding sulphones 
and amines: 2-isopropylamino-5-methoxy- (II1; R = OMe, R’ = NHPr'), fine colourless needles, 
m. p. 158°, from benzene-light petroleum (b. p. 60—80°) (Found : C, 59-3; H, 5-8; S,14-9. C,,H,ON,S 
requires C, 59-5; H, 6-3; S, 144%), 2-2’-diethylaminoethylamino-5-methoxy- (III; R = OMe, 
R’ = NH-(CH,)],*NEt,), large colourless prisms, m. p. 56—57°, from light petroleum (b. p. 60—80°) 
(Found : C, 59-9; H, 7-7; S, 11-5. C,,H,,ON,S requires C, 60-2; H, 7-5; S, 11-5%), 2-isopropylamino- 


* This compound had been obtained previously in these laboratories by Dr. G. Swain who obtained it 
from the corresponding sulphide by oxidation with chlorine. 
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(III; R =H, R’ = NHP»), colourless square plates, m. p. 95°, from — petroleum (b. p. 60—80°) 
(Found: C, 62-2; H, 6-5. CyH,.N,S requires C, 62-5; H, sno benzylamino- (il; R=H 
R’ = NH-CH,Ph), colourless plates, m. B 160—161°, from benzene Found : C, 70-1; H, 5-0; S, 13-8. 
C,,H,,N,S = C, 70-0; H, 50; S, 13-3%), 2-2’-diethylaminoethylamino- (III; R= H, R’ = 
Ni-(CH,] -NEt,), a colourless oil, b. p. 160—161°/1-0 mm. (Found : C, 62-7; H,7-5. Calc. forC,,H,,N,S: 
C, 62-65 ; H, 7-6%) [the dipicrate crystallised from 2-ethoxyethanol in yellow flattened needles, m. p. 195° 
(Found : C, 42-6; H, 3-6. Calc. for C,;H,,N,S,2C,H,O,N, : C, 42-4; H, 3-5%) (Tuda et al., loc. cit., give 
m. p. 195°)], and 6-nitro-2-isopropylamino- (IV; R = NO,, R’ = Pr‘), small sulphur-yellow needles, m. p. 
150°, from benzene-—light petroleum °. p. 60—80°) (Found: C, 50-7; H, 4-5; S, 13-6. C19H,,0,N,S 
requires C, 50-6; H, 4-6; S, 135%). On reduction in methyl alcohol by hydrogen (Raney nickel) 
this nitro-compound gave the corresponding diamine which crystallised from benzene-—light petroleum 
(b. p. 60—80°) in faintly coloured prisms, m. p. 155° (Found: C, 58-3; H, 6-4; S, 15-2. C,.H,,N,S 
requires C, 58-0; H, 6-3; S, 15-45%). 
6-Nitvo-2-2’-diethylaminoethylaminobenzthiazole (IV; R = NO,, R’ = NH*(CH,],*NEt,).—(a) This 
compound, obtained as above from the nitro-sulphone, crystallised from benzene-light petroleum (b. p. 
60—80°) in large flattened golden-yellow needles, m. p. 107° (Found: C, 53-2; H, 6-1; S, 11-3, 
C€13H,,0,N,S requires C, 53-1; H, 6-1; S, 10-9%). 
(b) 2-2’-Diethylaminoethylaminobenzthiazole (6-2 g.) was added to a mixture of 100% nitric acid 
(25 c.c.) and 100% sulphuric acid (25 c.c.) during 0-5 hour at 0—5°. After the mixture had been poured 
on ice, the base was liberated with 10N-sodium hydroxide and extracted with ether, and the filtered 
extract shaken with several small amounts of 10% acetic acid. The united extracts were filtered 
(charcoal) and basified, and the precipitate allowed to harden. From light petroleum (b. p. 60—80°) 
deep-yellow needles (3-5 g.), m. p. 108° not depressed by the compound prepared as previously, were 
obtained (Found: C, 53-4; H, 6-0; S, 10-9%). 

6-A mino-2-2'-diethylaminoethylaminobenzthiazole (IV; R = NH,, R’ = NH-(CH,],*"NEt,)—Reduction 
of the above nitro-compound with hydrogen (Raney nickel) gave the corresponding diamine which crystal- 
lised from benzene-light petroleum (b. p. 60—80°) in clumps of colourless needles, m. p. 106° (Found : 
C, 59-5; H, 7-8. C,,H»N,S requires C, 59-1; H, 7-6%). 
2-Aminobenzthiazole.—2-Methanesulphonylbenzthiazole (1-8 g.) and ammonia solution (d 0-88; 
‘ 20 c.c.) were heated for 18 hours at 180° (sealed tube), the mixture cooled, the solid collected and dissolved 

in N-hydrochloric acid, and the filtered solution (charcoal) made alkaline with 10N-sodium hydroxide. 
The precipitated solid (0-6 g.; m. p. 120°) was crystallised from water, giving colourless leaflets (0-4 g.), 
m. p. 128—129° not depressed by an authentic specimen (Found: S, 21-5. Calc. forC,H,N,S: S, 21-3%). 
4 2-Diethylamino-5-methoxybenzthiazole (IIl; R = OMe, R’ = NEt,).—Dry diethylamine (10-0 c.c.) 
P and 2-methanesulphonyl-5-methoxybenzthiazole (4-8 g.) were heated for 3 hours at 130° (sealed tube). 
To the cold mixture 2n-hydrochloric acid (100 c.c.) was added, and the solid was collected and washed 
with 2n-hydrochloricacid. This solid (2-6 g.; m.p. 102—104°) crystallised from benzene-light petroleum 
(b. p. 60—80°) in colourless needles, m. p. 106° not depressed by the original sulphone (Found : S, 14-0%). 
The acid filtrates were made strongly alkaline (10N-sodium hydroxide), and the oil extracted with ether, 
dried and distilled, giving a colourless “x base which darkened on storage (1-5 g.), b. p. 158—160°/0-4 mm. 
(Found: C, 60-9; H, 6-6. C,,H,,ON,S requires C, 61:0; H, 6-8%). 
i garter ae (III; R = Cl, R’ = OH).—5-Chloro-2-methanesulphonylbenzthiazole 
(2-5 g.), concentrated hydrochloric acid (20-0 c.c.), and alcohol (2-0 c.c.) were refluxed for 4 hours, diluted 
with water (100 c.c.), and made alkaline with 10N-sodium hydroxide. After filtration from a small 
insoluble residue the filtrate was precipitated with acetic acid, and the solid collected, dried, and crystal- 
lised from methy] alcohol, giving long silky needles (1-2 g.), m. p. 230—231° (Found: S, 17-6. Calc. for 
€,H,ONCIS: S, 17-3%). Herdieckeroff and Tschunkur (G.P. 615,131) give m. p. 218°. 
: 6-Nitro-2-hydroxy- (IV; R = NO,, R’ = OH), silky, faintly buff needles, m. p. 248°, from methyl 
i alcohol (Found: S, 16-7. Calc. for C,H,O,N,S: S, 16-3%) (Jacobsen and Kwaysser, Annalen, 1893, 
277, 240, give m. p. 252°), and 2-hydroxy-benzthiazole (IV; R = H, R’ = OH), large colourless prisms, 
m. p. 140—141°, from benzene-light petroleum (b. p. 60—80°) (Found: S, 21-0. Calc. for C,H,ONS: 
S, 21-2%) (Hunter, J., 1930, 135, gives m. p. 138°), were similarly prepared. 
5-Chloro-2-methoxybenzthiazole (III; R=Cl, R’ = OMe).—5-Chloro-2-methanesulphonylbenz- 
thiazole (12-5 g.) was added to a solution of sodium (1-2 g.) in dry methyl alcohol (150 c.c.) and refluxed 
for 3 hours. The solvent was removed under reduced pressure, water (100 c.c.) added, and the solid 
collected and crystallised from a small volume of light petroleum (b. p. 40—60°), giving colourless leaflets 
(6-9 $}. m. p. 71—72° (Found: C, 48-3; H, 3-0; S, 16-4. C,H,ONCIS requires C, 48-0; H, 3-0; S, 
16-0%). 

The following were obtained from the corresponding sulphones and sodium alkoxides. 5-Chloro-2-iso- 
propoxybenzthiazole (IIl; R= Cl, R’ = OPr) crystallised from a small volume of light petroleum 
(b. p. 40—60°) in colourless leaflets, m. p. 62° (Found: S, 14-0. C,gHyONCIS requires S, 14-1%) ; 
when this compound (1-0 g.) was heated at 180° a rapid evolution of an unsaturated inflammable gas took 

lace and the residue solidified ; crystallisation from alcohol gave large colourless needles (0-6 g.), m. p. 

30° not depressed by admixture with 5-chloro-2-hydroxybenzthiazole prepared as above. 2-Methoxy- 
benzthiazole (III; R = H, R’ = OMe), large colourless prisms, m. p. 36—37°, from light petroleum 
(b. p. 40—60°) cooled to 0° (Found: C, 58-1; H, 4:3; S, 19-5. Cale. for CsH,ONS: C, 58-2; H, 4-2; 
S, 19-4%) (Davies and Sexton, Joc. cit., give m. p. 31—33°). 2-isoPropoxybenzthiazole (IIL; R = H, 
R’ = OPr), a colourless oil, b. p. 80—81°/0-05 mm. (Found: C, 62:3; H, 5-8; S, 16-3. CyH,,ONS 
requires C, 62-2; H, 5-7; S, 16-6%) ; this compound (1-0 g.) on heating at 250° (oil-bath) gave 2-hydroxy- 











benzthiazole which crystallised from benzene-light petroleum (b. p. 60—80°) in large colourless prisms 
(0-6 g.), m. p. 140—141°. 2: 5-Dimethoxybenzthiazole (III; R = R’ = OMe), a colourless oil, b. p. 
114—116°/0-15 mm. (Found : C, 55-5; H, 4-6; S, 16-6. C,H,O,NS requires C, 55-4; H, 4-5; S, 16-5%). 

The following benzthiazolones were prepared by heating the corresponding 2-methoxybenzthiazoles 
at 180° and crystallising the residue from benzene-light petroleum (b. p. 60—80°) : 3-methyl-(V; R = H), 
large colourless plates, m. p. 72—73° (Found: S, 19-1. Calc. for C,H,ONS: S, 19-4%), 5-chloro-3- 
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methyl- (V; R= Cl), colourless needles, m. p. 105—106° (Found: C, 47-8; H, 3-1; S, 16-4. C,H,ONCIS 
requires C, 48-0; H, 3-0; S, 161%), and 5-methoxy-3-methyl- (V; R = OMe), colourless needles, m. p. 
106—107° (Found: C, 55-2; H, 4-6. H,O,NS requires C, 55-4; H, 4-6%). 
epg a ty of Sodium Methanesulphinate.—2-Methanesulphonylbenzthiazole (10-7 g.) was refluxed 
with a solution of sodium (1-2 g.) in dry isopropyl alcohol (150 c.c.) for 3 hours and then cooled, and the 
deliquescent colourless needles (3-8 g.) were collected, washed with ether, and dried in a vacuum over 
hosphoric oxide. On refluxing of this salt with benzyl chloride (10-0 g.) in alcohol (40 c.c.) and water 
M0 c.c.) for 3 hours and evaporation of the alcohol, benzyl methyl sulphone was obtained which crystallised 
from water in large, colourless needles (4-0 g.), m. p. 125—126° not depressed by an authentic sample 
(Fromm and Palma, Ber., 1906, 38, 3315) (Found: S, 18-8. Calc. for C,H,,0,S: S, 18-8%). 
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693. A New Synthesis of Glutamine and of y-Dipeptides of 
Glutamic Acid from Phthalylated Intermediates. 


By F. E. Kine and D. A. A. Kipp. 


Condensation of phthalic anhydride with L-glutamic acid gives phthalyl-pi-glutamic acid ; 
in order to obtain the corresponding L-acid it is necessary to proceed via ethyl o-carboxybenzoyl- 
L-glutamate. Phthalyl-pi- and -t-glutamic anhydrides differ from carbobenzyloxyglutamic 
anhydride in combining with ammonia to form the y-amides in high yields. As already 
briefly reported (Nature, 1948, 162, 776), hydrolysis of the phthalyl group with hydrazine at 
room temperature affords a direct synthesis of Di-glutamine and of the naturally occurring 
L-isomer. The dipeptides y-pL-glutamylglycine and y-L-glutamyl-L-glutamic acid have also 
been prepared by this method. 


Tue fundamental biological significance of glutamic acid, already well recognised from its 
occurrence as glutamine and as a constituent of glutathione and of a variety of proteins, has 
lately been strikingly emphasised by the discovery of the folic acid series of growth factors. 
There are indications, for example, in Woolley’s investigations on strepogenin (J. Biol. Chem., 
1948, 172, 71), of other important developments in the chemistry of glutamic acid, and the 
synthesis of its simple peptides has thus become a matter of considerable interest. Owing to 
the peculiar difficulties arising from the presence of the second carboxyl group, the problem 
is one not readily solved by the classical methods of peptide synthesis due to Fischer, and the 
preparation of glutamylamino-acids, e.g., the glutamylglutamic acids, was not successfully 
accomplished until the introduction of the carbobenzyloxy-synthesis by Bergmann and Zervas 
(Ber., 1932, 65, 1192). 

The unique feature of Bergmann’s method is its use of the acylglutamic anhydride (I; 
R = O*CH,Ph) as an acylating agent, the peptide link being formed simultaneously with the 
opening of the ring. Only carbobenzyloxyglutamic acid has so far been applied in this way, 
largely because most other protecting substituents cannot be eliminated without destroying 
the peptide bonds. The toluene-p-sulphonyl group, which should be free from this difficulty, 
cannot apparently be used owing to the preferential dehydration of toluene-p-sulphony]l- 
glutamic acid to a derivative of the pyrrolidonecarboxylic acid (II) (Harington and Moggridge, 
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J., 1940, 706). A further complication which may arise in the employment of carboxylic 
acids for the protection of the glutamic amino-group is that when dissolved in acetic anhydride 
the a-acylamido-acids, with the exception of the carbonato-compounds, are very readily 
dehydrated to oxazolones. Although these products may be utilised in the synthesis of «- 
glutamyl derivatives (see, e.g., King and Spensley, forthcoming publication), the optically 
active glutamic acid residue is very likely to suffer racemisation—according to du Vigneaud 
and Meyer (J. Biol. Chem., 1932, 99, 143) as a result of tautomeric changes, such as (IIIa) => 
(IIIb). 

A hitherto uninvestigated route to the glutamylamino-acids and peptides has lately been 
successfully completed through the utilisation of compounds protected by the phthalyl group 
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(Kidd and King, Nature, 1948, 162, 776). Unpublished experiments (1936—1939) by Sir 
Robert Robinson and the senior author, in which a series of simple phthalylated peptides of 
glycine and alanine was prepared, have shown that the phthalyl group can easily be removed 
with hydrazine leaving the peptide chain unaffected. In addition to the highly crystalline 
character of the intermediates, the method carries with it the advantage that, owing to the 
tertiary character of the nitrogen atom in the phthalimido-compounds, oxazolone formation 
cannot interfere with attempts to obtain the phthalylglutamic anhydride. 

Phthalimido-acids are commonly prepared by heating mixtures of the amino-acids and 
phthalic anhydride slightly above the fusion point of the anhydride, but the product so obtained 
from L-glutamic acid was not obtained pure when crystallised from water. The condensation 
was then attempted in presence of solvents, ¢.g., acetic acid, pyridine, and, in order to 
ensure cyclisation of the initially-formed phthalamic acid, the solvent was evaporated and 
the residue warmed with acetic anhydride. As expected, glutamic anhydride ring-closure 
also occurred, but was accompanied by racemisation, presumably at the phthalamic acid stage, 
the product being phthalyl-pi-glutamic anhydride (IV), which on dissolution in hot water gave 
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phthalyl-p.-glutamic acid. Racemisation was avoided by carrying out the synthesis under 
milder conditions using ethyl t-glutamate in place of the free amino-acid. The required ester 
was obtained from its hydrochloride by neutralisation with anhydrous diethylamine, a method 
already applied to the preparation of other amino-esters by Harington and Mead (Biochem. 
J., 1935, 29, 1602), and on treatment of an ethereal solution with phthalic anhydride ethyl o- 
carboxybenzoyl-L-glutamate (V) was rapidly formed. Ring-closure to ethyl phthalyl-L-glutamate 
was effected either by refluxing of (V) with ethanolic hydrogen chloride and distillation, or 
by reaction with cold thionyl chloride followed by heating of the mixture in benzene. Phthalyl- 
L-glutamic acid was then obtained by hydrolysis with a boiling mixture of acetic and hydro- 
chloric acids. 

During the course of this work, Billman and Harting (J. Amer. Chem. Soc., 1948, 70, 1473) 
reported the preparation of the phthalyl-L-acid by heating L-glutamic acid with phthalic 
anhydride at 180°. The melting point of their compound was almost identical with that of 
our phthalyl-p1i-glutamic acid, and it was confirmed by repetition of their experiment, that 
their synthesis had led to racemisation. 

The reactions of the phthalylglutamic anhydrides were investigated first with the DL- 
isomer, which was dissolved in dioxan and treated with ethereal ammonia. The product 
obtained on acidification of the precipitated ammonium salt was subjected to degradation 
with sodium hypobromite and, after hydrolysis of the phthalyl group with boiling hydrochloric 
acid, precipitation with phosphotungstate, etc., DL-«y-diaminobutyric acid was isolated as 
the picrate. By this series of reactions, which follows Karrer’s work on asparagine and 
glutamine (Helv. Chim. Acta, 1923, 6, 411, 957; 1926, 9, 301), it was established that the 
phthalylglutamic anhydride had given phthalyl-pL-glutamine, i.e., the y-amide (VI; R = H). 
The exclusive formation of a y-derivative (isolated in 74% yield) is perhaps without parallel 
in the series of acylglutamic anhydrides. Carbobenzyloxylglutamic anhydride, though some- 
times affording mixtures contain low proportions of y-amides (Melville, Biochem. J., 1935, 29, 
179; LeQuesne and Young, Nature, 1949, 163, 604), generally gives the «-compounds. Nicolet 
(J. Amer. Chem. Soc., 1930, 52, 1192) has recorded the preparation of y-amides from acetyl- 
glutamic anhydride, but the latter was not purified and the constitution of the products, which 
were not isolated, rests solely on the formation, with ammonium thiocyanate and acetic 
anhydride, of derivatives having the composition of acetylthiohydantoins. 

For the hydrolysis of the phthalyl group in the phthalimido-acids and peptides the con- 
ditions used by Ing and Manske (J., 1926, 2348), i.e., heating with hydrazine in boiling alcohol, 
were considered too drastic. Sheehan and Frank (J. Amer. Chem. Soc., 1949, 71, 1856) in 
some experiments on the synthesis of peptides communicated after the appearance of our 
earlier publication (Kidd and King, loc. cit.) have successfully used the original Ing and Manske 
method; in view of the presence of a carboxyl group, however, the phthalylated compounds 
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can be dissolved in aqueous sodium carbonate, whereupon the addition of 1 equivalent of 
hydrazine detaches the phthalyl residue im the cold. The resulting phthalhydrazide is in due 
course precipitated by neutralisation with 2N-hydrochloric acid, and the solution then contains 
the amino-acid or peptide together with sodium chloride. Where difficulty occurs in their 
separation, hydriodic acid can be used for neutralisation, the solubility of sodium iodide in 
cold alcohol, in which the peptide is invariably sparingly soluble, enabling the inorganic material 
toberemoved. In this way phthalyl-pL-glutamine was hydrolysed to DL-glutamine, the presence 
of the y-amido-group in the product being confirmed by the van Slyke determination. 

Crystalline derivatives were also obtained from phthalyl-p1-glutamic anhydride on treat- 
ment with aniline, benzylamine, or glycine, and by analogy with the ammonia reaction product 
these are phthalyl-y-pi-glutamylaniline (VI; R= Ph), ~y-pi-glutamylbenzylamine (V1; 
R = CH,Ph), and ~y-glutamylglycine (VI; R = CH,°CO,H). Hydrolysis of the last-named 
compound with hydrazine yielded DL~y-glutamylglycine, its constitution as a y-amide being 
confirmed by the Van Slyke ninhydrin determination (J. Biol. Chem., 1941, 141, 627), the 
liberation of carbon dioxide being equivalent to one free «-amino-acid residue. 

The optically active anhydride was obtained by the action of acetic anhydride on phthalyl- 
L-glutamic acid, thus confirming the conclusion that racemisation is the result of oxazolone 
formation. From the L-anhydride and ammonia, phthalyl-.-glutamine (77%) was obtained, 
its constitution being demonstrated by hydrolysis with hydrazine to L-glutamine, identical 
in properties with the natural compound and liberating 96—98% of its amino-nitrogen in the 
Van Slyke determination. 

When phthalyl-L-glutamic anhydride and ethyl t-glutamate were set aside in dioxan—ether 
at room temperature ethyl phthalyl-y-.-glutamyl-.-glutamate was formed. Hydrolysis with 
cold n-alkali and then hydrazine gave glutamyl-y-glutamic acid which, when p-nitrobenzoylated 
in the form of its ethyl ester, subsequently afforded p-nitrobenzoylglutamyl-y-glutamic acid, 
identical with that synthesised by Boothe ef al. (J. Amer. Chem. Soc., 1948, 70, 1099) through 
the carbobenzyloxy-dipeptide. 


EXPERIMENTAL. 


Phthalyl-pi-glutamic Anhydride.—A pene of t-glutamic acid (32-6 g.) and eye anhydride 
(32-6 g.) in dry pyridine (120 c.c.) was refluxed for 2 hours. After evaporation of the clear solution 
under reduced pressure, acetic anhydride (90 c.c.) was added and the mixture boiled for 2—3 minutes. 
Crystallisation of the product began during concentration of the solvent at diminished pressure and was 
completed, on cooling, by the cautious addition of anhydrous ether. After being washed with ether 
and dried, the phthalyl-pL-glutamic anhydride (41 g., 74%) had m. p. 195—196° (decomp.), unchanged 
by recrystallisation from ethyl acetate from which it separated in colourless stout prisms (Found: C, 
60-6; H, 3-6; N, 5-8. C,,;H,O,N requires C, 60-2; H, 3-5; N, 5-4%). 

Phthalyl-pu-glutamic Acid.—(a) The phthalylglutamic anhydride was dissolved in the minimum 
quantity of boiling water; on 1 ty a eg oe acid crystallised in colourless needles, m. p. 
189—190° (Found : C, 56-5; H, 4-0; N, 5-0. C,3H,,0,N requires C, 56-3; H, 4-0; N, 5-1%). 

(b) Equimolecular quantities of t-glutamic acid and of phthalic anhydride heated at 180°, as de- 
scribed by Billman and Harting (loc. cit.), and then treated with water gave a product with feeble optical 
activity, but on recrystallisation the DL-acid, m. p. and mixed m. p. 189—190°, was obtained. At 
130—140° the reaction appeared to be incomplete, the product not being purifiable by recrystallisation 
from water. 

Phthalyl-p.-glutamine.—A solution of phthalyl-pi-glutamic anhydride (5 g.) in warm dioxan (40 
c.c.) was cooled in water and treated with small quantities of dry ethereal ammonia in excess. When 
precipitation was complete, the bulky ammonium salt was collected, washed with ether, and dissolved 
in a little water. On acidification (Congo-red) with 5Nn-hydrochloric acid, phthalyl-pi-glutamine (3-9 
g., 74%) slowly separated, and after several hours in the refrigerator was collected and recrystallised 
from water, giving small colourless prisms, m. p. 194—195° (Found: C, 56-0; H, 4:2; N, 10-0. 
C,3H,,0,N, requires C, 56-5; H, 4:4; N, 10-1%). 

DL-Glutamine.—A solution of the ame pipe gm" (5-4 g.) in aqueous sodium carbonate (1-35 g. 
in 25 c.c.) was treated with hydrazine hydrate (2 g. of 50%) and set aside for 2 days at room temperature. 
Hydrochloric acid (2N.) was then added, the precipitate of phthalhydrazide removed, and chloride ion 
eliminated by shaking the solution with silver carbonate (7-5 g.) for several hours. After filtration the 
clear liquid was exactly neutralised with 2N-hydriodic acid and concentrated at 30° under reduced 
pressure. The addition of alcohol then precipitated pi-glutamine, which by crystallisation from aqueous 
acetone was obtained as colourless glistening prisms, m. p. 185—186° (Found: C, 41-0; H, 6-85; N, 
19-4. C;H,,O,N, requires C, 41-1; H, 6-85; N, 19-2%). With Nessler’s reagent a colour appeared 
gradually after 3 minutes. In the Van Slyke determination 2 moles of nitrogen were liberated. 

DL-ay-Diaminobutyric Acid.—Phthalyl-pt-glutamine (3-5 g.) was dissolved in aqueous sodium 
hypobromite prepared from bromine (2-35 g.) and sodium hydroxide (2-6 g.) in water (45 c.c.), and the 
solution heated at 70—80° for 1 hour. After cooling, the mixture was acidified with 5n-hydrochloric 
acid, filtered, and concentrated to 20 c.c., and, after further addition of hydrochloric acid (25 c.c. of 
35%), the solution was heated under reflux for 3 hours. Phthalic acid was then removed from the 
diluted solution by filtration and ether-extraction, and the diaminobutyric acid precipitated as phospho- 
tungstate. This was dissolved in aqueous acetone and treated with barium hydroxide, and, after 
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removal of the barium hegbetenetiate and precipitation of excess barium as sulphate, the filtrate 
was evaporated to small bulk under reduced pressure. On admixture of the product with aqueous 
picric acid ay-diaminobutyric acid picrate separated, and recrystallisation gave long yellow prisms, 
m. p. 184—185° (cf. Carter, Abeele and Rothrock, J. Biol. Chem., 1949, 178, 325) (Found: C, 33-6: 
H, 2-6; N, 19-4. Calc. for C,H ,0,N,,2C,H,O,N,: C, 33-3; H, 2-8; N, 19-55%). 

Phthalyl~y-Di-glutamylaniline —Phthalyl-pi-glutamic anhydride (1-5 g.), suspended in ether (20 
c.c.), was treated with aniline (1-5 g.), and the mixture shaken at room temperature for 30 minutes, 
The anilide (1-8 g., 86%) was collected and washed with ether, and when recrystallised from water 
formed colourless prisms of the hydrate, m. p. 106—107° (Found: C, 62-0; H, 4:8; N, 7-6, 
C,,H,,0,;N,,H,O requires C, 61-6; H, 4:9; N, 7-6%). 

Phthalyl-y-Di-glutamylbenzylamine.—Benzylamine (4:2 g., 1 mol.) was added to a supercooled 
solution of the phthalylglutamic anhydride (10 g., 1 mol.) in dioxan (20 c.c.), and the mixture set aside 
at room temperature for 30 minutes. Dilution with anhydrous ether precipitated an oil which solidified 
when stirred under ether. The benzylamine (10-3 g., 72%) crystallised from dioxan-ether in small 
prisms, or from aqueous alcohol in tiny vee m. p. 196—198°, raised after 2 further crystallisations 
to 203—204° (Found: C, 65-3; H, 5-0; N, 7-3. CyoH,,0,;N, requires C, 65-6; H, 4:9; N, 7-7%). 

Phthalyl-y-pi-glutamylglycine.—Phthalylglutamic anhydride (20 g.) was dissolved in hot acetic 
acid (150 c.c.) containing glycine (5-8 g.) and the solution set aside for 20 minutes. It was then evaporated 
at low pressure, leaving a straw-coloured gum which slowly solidified. Recrystallisation from water 
gave phthalyl-y-DL-glutamylglycine (12 g., 48%) in hard masses of minute prisms, m. p. 200—201° raised 
to 201—202° by further crystallisation (Found: C, 53-7; H, 4:3; N, 8-1. C,;H,,0,N, requires C, 
53-9; H, 4-2; N, 8-4%). 

y-DL-Glutamylglycine.—The pea aa (4-3 g., 1 mol.) was dissolved in water (60 c.c.) with 
the addition of sodium carbonate (1-43 g., 2-1 mols.) and then of 60% hydrazine hydrate (1-1 g., 1 mol.). 
After 2 days, the solution was made acid to Congo-red with 10% hydriodic acid, and treated with a 
little sodium acetate. Later, the solution was filtered from phthalhydrazide and evaporated to dryness 
at low pressure. The residue was submitted to azeotropic drying with absolute ethanol and anhydrous 
benzene, and when triturated with alcohol formed a hygroscopic crystalline powder. After 2 recrystal- 
lisations from ethanol containing traces of water, y-DL-glutamylglycine was obtained as a non-hygro- 
scopic microcrystalline solid, m. p. 178—179° (Found : C, 40-3; H, 5-9; N, 13-1. C,H,,0,N, requires C, 
40-8; H, 5-8; N, 13-6%). In the ninbydrin determination, 0-0371 g. of the dipeptide gave carbon 
dioxide equivalent to 0-00256 g. of a-amino-nitrogen; calc., 0-00255 g. 

Ethyl o-Carboxybenzoyl-L-glutamate.—The crystalline ester hydrochloride obtained from t-glutamic 
acid (28-5 g., 1 mol.) and boiling 4% ethanolic hydrogen chloride (400 c.c.) was treated under benzene 
with diethylamine (24-4 c.c., 1-2 mols.) added in portions with cooling. After thorough mixing, diethyl- 
amine hydrochloride was precipitated with anhydrous ether and removed by filtration; ethyl L-glutamate 
(32-2 g., 82%) was obtained by evaporation of the solvents. 

To an ethereal solution of the ester, phthalic anhydride (23-5 g., 1 mol.) was added in small quantities, 
which when shaken dissolved with evolution of heat. Scratching or seeding caused the separation of 
ethyl o-carboxybenzoyl-L-glutamate (46-2 g., 84%) as a solid mass which was collected after 24 hours and 
washed with ether. Crystallisation from benzene-light petroleum gave a flocculent precipitate of the 
pure ester, m. p. 94° (Found: C, 57-6; H, 6-0; N, 4:2. C,,H,,0,N requires C, 58-1; H, 6-0; N, 4-0%). 

Ethyl Phthalyl-.-glutamate.—(a) Ethyl] o-carboxybenzoyl-1-glutamate (0-7 g.) was heated in refluxing 
4% ethanolic hydrogen chloride (10 c.c.) for 2 hours. The product remaining on evaporation was 
shaken with water and chloroform, and the chloroform layer washed with aqueous sodium hydrogen 
carbonate and water, dried, and evaporated. The residue of ethyl phthalyl-.-glutamate distilled (bath 
temperature, 190—200°) at 0-05 mm. as a colourless viscous syrup, 7” 1-5220, [a]}? —33-5° in ethanol 
(Found: N, 4-1. C,,H,,0,N requires N, 42%). 

(0) Ethyl o-carboxybenzoyl-L-glutamate (46-2 g.) was set aside with purified thiony] chloride (90 c.c.) 
at room temperature, and, when the reaction was over, the clear solution was evaporated and benzene 
distilled from the residue on a water-bath at 70°. The product, after being washed in ethereal solution 
with sodium hydrogen carbonate solution and water, was dried and evaporated as before, the pure 
phthalyl-t-glutamic ester, 77 1-5224, (a]?? —33-2° in ethanol, distilling at 0-14 mm. (bath temperature, 
190°) (Found: C, 61-5; H, 5-9; N, 3-9. C,,H,,O,N requires C, 61-3; H, 5-7; N, 4-2%). 

Phthalyl-t-glutamic Acid.—The undistilled ester (50-5 g.) was dissolved in a mixture of acetic acid 
(450 c.c.) and concentrated hydrochloric acid (110 c.c.), and the solution heated under reflux for 2 hours. 
Evaporation to 100 c.c. at reduced pressure and storage for several hours in the refrigerator caused 
phthalyl-L-glutamic acid, m. p. 158—159°, to separate, which on crystallisation from water formed small 
colourless prisms (28-2 g., 65%), m. p. 158—159°, [a]}§ —27-4° in 0-33N-sodium carbonate (Found: 
C. 56-5; H, 4-0; N, 4-9. C,,;H,,0,N requires C, 56-3; H, 4-0; N, 5-0%). 

Phthalyl-.-glutamic Anhydride.—Phthaly]-t-glutamic acid (7-5 g.) was dissolved in acetic anhydride 
(20 c.c.) and heated on a steam-bath for 5 minutes. The anhydride (4-65, 67%) was isolated, by con- 
centration of the solution under reduced pressure and addition of ether, as stout prisms melting at 
195—196° to a turbid liquid which cleared at 200°. From ethyl acetate it separated in solvated highly- 
refracting prisms, m. p. 190—191°, which when dried at 140° under low pressure crumbled to powder 
having the original m. p. of 195—200° (Found, on the dried material: C, 60-3; H, 3-6; N, 5-6. 
C,;H,O,N requires C, 60-2; H, 3-5; N, 5-4%). Dissolution in hot water gave phthalyl-t-glutamic acid 
of unchanged m. p. and optical rotation. 

Phthalyl-.-glutamine.—The action of ammonia on phthalyl-1-glutamic anhydride (4-9 g.) under 
conditions used for the DL-compound gave phthalyl-.-glutamine (4 g., 77%), m. p. 160—162°, which 
on recrystallisation from water gave colourless needles, m. p. 163°, [aj}’ —16-9° in 0-33N-sodium 
carbonate (Found: C, 56-7; H, 4-6; N, 9-7. C,,H,,0,N, requires C, 56-5; H, 4-4; N, 10-1%). ; 

L-Glutamine.—Removal of the phthaly]l group of phthalyl-1-glutamine was effected as in the hydrolysis 
ofthe comparable pt-compound. The resulting L-glutamine (yield 67%) was recrystallised by rendering 
its aqueous solution turbid with ethanol and then storage in the refrigerator. The product separated 
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as tiny needles, m. p. 182—183° (decomp,). (a]?#? 5-6° in water (Found: C, 41-0; H, 7-0; N, 18-4. 
Calc. for CsHyO,N,: C, 41-1; H, 6-9; N, 19-2%). With Nessler’s reagent it slowly gave a colour 
after 5 minutes and in the Van Slyke, determination 96—98% of the total nitrogen was liberated. 

Ethyl Phthalyl-L-y-glutamyl-L-glutamate.—Solutions of ethyl t-glutamate (5-6 g.) in ether and of 
phthalyl-t-glutamic anhydride (3-5 g.) in dioxan were mixed and set aside at room temperature for 30 
hours. After evaporation of the solvents under reduced pressure and addition of ethyl acetate the 
product crystallised, and recrystallisation from aqueous ethanol gave the apa ethyl ester as 
lustrous prisms, m. p, 162° (Found: C, 57-0; H, 5-4; N, 6-1. C,,H,,O,N, requires C, 57-1; H, 5-6; 
N, 61%). 

oi hiataih ne dtintinta-dtuteits Acid.—The phthalyl-y-t-glutamyl-t-glutamic ester (2 g.) 
was treated with N-sodium hydroxide (5 c.c.) and a few drops of thymolphthalein solution. Further 
small amounts of n-alkali (total, 2 mols.) were slowly introduced to maintain the blue colour of the 
solution as the hydrolysis proceeded. Finally, hydrazine hydrate (4 c.c. of 9%) was added and the 
mixture set aside for 36 hours. Phthalhydrazide was precipitated by 2nN-hydrochloric acid and, after 
filtration, the solution was evaporated to dryness and esterified with saturated ethanolic hydrogen 
chloride (25 c.c.) at room temperature. The dipeptide ester hydrochloride obtained on evaporation 
was converted into the p-nitrobenzoyl derivative according to the directions of Boothe e¢ al. (loc. cit.), 
the recrystallised acid separating in stout needles, m. p. 195° (Found: C, 47-8; H, 4:3; N, 9-4. Calc. 
for C17H,Oi9N,: C, 48-0; H, 4:5; N, 9-9%). 
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694. The Synthesis of Amidinium Salis.* 
By C. G. Raltson. 


Amidinium salts* of the type (III) are obtained by methylation of fully substituted 
amidines (IV), a finding which confirms Pyman’s conclusion relating to the mode of alkylation 
in amidine systems. An alternative synthesis of (III), involving condensation of disubstituted 
amides with secondary amines in the presence of phosphoryl] chloride, has been shown to have 
wider applicability ; in particular, it has enabled suggestions to be made as to the mechanism of 
the Vilsmeier—Haack aldehyde synthesis. 


WHEN considering new trypanocidal drugs based on Walls’s phenanthridinium compounds (I) 
(J. Soc. Chem. Ind., 1947, 66, 182) it seemed possible that the synthetic work would be simplified 
if the ultimate dependence on diphenyl as a starting material could be avoided. Compounds 
(II) lacking the bridge between the benzenoid nuclei of phenanthridinium salts would be the 
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(X, Y = H or NH,; R = Ph or p-NH,C,H,.) 


metho-quaternary salts of anils and would certainly be unstable in aqueous solution (Decker 
and Becker, Annalen, 1913, 395, 362; Reiber and Stewart, J. Amer. Chem. Soc., 1940, 62, 
3026), but compounds (III) in which the complete amidine system is present seemed likely to 
possess greater stability, and their synthesis was therefore undertaken. 

An obvious route to (III) was the methylation of completely substituted amidines, such as 
(IV), which are readily available by the condensation of imido-chlorides with secondary amines. 
Pyman (J., 1923, 123, 361 ef seq.), during a study of the alkylation of open-chain and completely 
cyclic amidine systems, concluded that in these types alkylation occurs on the nitrogen atom 
which is doubly linked to carbon. He cited examples (Forsyth and Pyman, J., 1926, 2502) to 
show that this conclusion probably also holds for partly cyclic amidines, but 2-dimethylamino- 
pyridine appears to be an exception (Tschitschibabin and Konowalowa, Ber., 1926, 59, 2055). 

+ 
e« oe a ‘ ‘ JR ; ; 
Amidinium salt ’’ is used in this paper to mean the presence of the system ”. in which no 
group R is hydrogen; when at least one such group is hydrogen, the expression “ amidine salt ” is used. 














3320 Raison: The Synthesis of Amidinium Salts. 


The majority of his work concerned amidines in which at least one hydrogen atom was present 
on nitrogen, but an observation of significance to the present work was that the isomeric amidines, 
N’-phenyl-NN-dimethylbenzamidine (IV; X= Y=H; R’=R”=Me) and N-phenyl- 
NN’-dimethylbenzamidine (V) yielded the same salt, N’-phenyl-NNN’-trimethylbenzamidinium 
iodide (III; X= Y=H; R’ = R” = Me; A= lI), m. p. 177—179°, with methyl iodide 
(J., 1923, 123, 3368). On repetition of Pyman’s work, the identity of the salt derived from 


JNC He NMe:Ph N-Ph 
XC HCO ip Ph-C& Phc? , 
NR’R” Me \NMe, A- 
(IV.) (V.) (VI.) 


the two isomers was confirmed, but it had m. p. 144—145°; it was not until a few months later 
that all samples, representing several independent preparations by both routes, were found to 
be changing to a higher-melting form (180—182°), a change accelerated at 100°. Before this, 
however, it had been thought desirable to obtain further evidence of the structure of the salt, 
and this was achieved by degradation and by an alternative synthesis. On the one 
hand, alcoholic potassium hydroxide gave quantitatively benzoic acid, dimethylamine, and 
methylaniline; on the other hand, a synthesis which definitely indicated a structure such as 
(III) was realised in the condensation of benzodimethylamide with methylaniline in the presence 
of phosphoryl chloride, a reaction which is referred to later. An attempt to synthesise the 
isomeric amidinium salt (VI) by condensation of benzanilide imido-chloride with aqueous- 
alcoholic trimethylamine was fruitless; the product was a mixture of benzanilide and N-phenyl- 
benzimino ethyl ether. 

The preparation of a series of compounds structurally analogous to (I) required experiments 
to ascertain whether Pyman’s thesis of the position of alkylation could be extended to the 
following examples: (a) where NR’R” in (IV) contained a phenyl residue, and (6) where X 
and/or Y = NO,. Regarding (a), it was found that the amidine (IV; X = Y = H; R’ = Me; 
R” = Ph) with methyl iodide gave, quantitatively, NN’-diphenyl-NN’-dimethylbenzamidinium 
iodide (III; X= Y=H; R’=Me; R” = Ph; A= J), also degraded by alkali to give a 
quantitative yield of methylaniline. Regarding (b), it was found that the influence of the 
nitro-group in (IV; X = H; Y = p-NO,; R’ = R” = Me) was such that no reaction occurred 
with boiling methyl iodide; when, however, methyl sulphate at 115—120° was employed, an 
exothermic reaction gave N’-p-nitrophenyl-NNN’-trimethylbenzamidinium iodide (III; X = H; 
Y = p-NO,; R’ = R” = Me; A=) after treatment of the water-soluble product with 
potassium iodide. The same salt was obtained from benzodimethylamide and p-nitromethyl- 
aniline, and was degraded by alkali to give a high yield of p-nitromethylaniline The presence 
of a nitro-group in each ring, asin (IV; X = Y = p-NO,; R’ = R” = Me), did not alter the 
general picture and again alkylation occurred at the doubly-linked nitrogen atom. This result 
may be explained on the assumption that in the system (¥)NR,—C—N(y), the lone pair of 
electrons on N(*#) is used to increase the nucleophilic character of N(y) by an electromeric effect 
{shown in (VII)] and that this effect predominates even when N(y) is deactivated, by a suitably 
placed nitro-group, to attack by an electrophilic reagent such as methyl iodide. The situation 
is then analogous to the alkylation of §-dialkylaminocrotonic esters (X) studied by Robinson 


- CY ‘ 
Roh + Mel —»> I-{NR,=C—NMe NR,—C=NMe}I- 
(VII.) (VIII.) (IX.) 


NR,—CMe=CH:CO,Et + MeI —> I-{NR,=CMe—CHMe:CO,Et 
(X.) 
(J., 1916, 109, 1038; 1947, 1297). In the present examples, however, the amidinium salts are 
stabilised by the resonance which is possible between forms such as (VIII) and (IX). 

By the methods indicated above, compounds (III) have been prepared in which X and Y 
are substituents such as H, m- and p-NH,, p-NH*COMe, p-NH:CO,Et, and p-OMe and R’R” are 
Me,, Et,, <(CH,);, Me and Ph, and Me and C,H,*NH,. Nitroamidinium salts were reduced to the 
corresponding amino-compounds catalytically or by the use of neutral ferrous hydroxide. All 
the compounds made were examined for trypanocidal action by Mr. Goodwin and his colleagues 
of the Wellcome Laboratories of Tropical Medicine, but none possessed more than a trace of 
activity. 

The Condensation of Disubstituted Amides with Compounds having a Reactive Hydrogen 
Atom.—Mention has been made above of the synthesis of amidinium salts by condensation of 
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the benzoyl derivative of a secondary amine with an N-methylarylamine in the presence of 
phosphoryl chloride. This reaction is a development of the work of Sen and RAy (/J., 1926, 
646; cf. Hill and Rabinowitz, J. Amer. Chem. Soc., 1926, 48, 732; Hill and Cox, ibid., p. 3214; 
Sidiki and Shah, J. Univ. Bombay, 1937, 6, 132). They extended an older synthesis by Hofmann 
for the preparation of NN’-diarylamidines and condensed primary amines (XI; R, = H) with 
either mono- (XII; R; = H) or di-substituted amides (XII), or secondary amines (XI) with 


NHR,R, + R,yCO‘-NR,R, —> NR,R,°CR,(OH)-NR,R, NR,R,CR,:NR, 
(XI.) (XII) (XIIL.) (XIV.) 


monosubstituted amides (XII; R; = H) in the presence of phosphorus trichloride or oxychloride. 
They postulated the intermediate (XIII) in the reaction, from which it is clear that so long as 
the nitrogen atoms in (XI) and (XII) carry, between them, at least two hydrogen atoms, the 
product will be an amidine salt * [e.g., of (XIV) if only R, = H] formed by loss of a molecule of 
water. On the other hand, with a secondary amine and a disubstituted amide, the postulated 
intermediate cannot lose the elements of water to give an amidine, but there remained the 
possibility that, during the reaction or the subsequent working-up after addition of water, the 
change (XIII) ——> (XV) could lead to the formation of an amidinium salt,* by a re-arrangement 
similar to that encountered in the chemistry of such pseudo-bases as cotarnine (Hope and 
Robinson, J., 1911, 99, 2114). oi 
(XIII) ——> NR,R,CR;NR,R, A- (XV.) 

Experiments showed that amidinium salts are readily obtained in this manner and brought 
to light the following additional points: (i) phosphorus oxychloride is a more effective 
condensing agent than the trichloride, especially when nitro-groups are present; (ii) an increase 
in the acidity (decrease in basicity) of the secondary amine, or the use of the amine hydrochloride, 
facilitates the reaction; e.g., in condensation with benzodimethylamide in comparable 
conditions, methylaniline, its hydrochloride, and p-nitromethylaniline gave yields of 50, 90, 
and 95%, respectively; (iii) the ability to use the amine salt increases the scope of the reaction 
to include gaseous aliphatic amines; thus, benzodimethylamide and dimethylamine hydro- 
chloride gave a high yield of NNN’N’-tetramethylbenzamidinium chloride (XVI), characterised 
as the picrate. Now if (XIII) is an intermediate in these condensations, its formation may 
well be capable of such a hydrogen-ion catalysis. In addition it has been found that, in the 
absence of phosphoryl chloride, whereas benzodimethylamide and methylaniline are substantially 
unchanged after heating at 120°, the use of the amine hydrochloride leads to a 70% conversion 
to benzomethylanilide and dimethylamine hydrochloride. The existence of (XIII) in such an 
amide exchange must surely be assumed and this leads to the conclusion that one function of 
the phosphoryl chloride is to promote the subsequent step (XIII) —-> (XV). 

As further examples of acidic secondary amines, the use of diphenylamine and carbazole 
was studied; condensed with benzodimethylamide, the former gave a 35% yield of N’N’-di- 
phenyl-NN-dimethylbenzamidinium iodide (XVII), but the latter gave ca. 80% of 9-benzoyl- 
carbazole. When, however, the product from the carbazole experiment was carefully treated 
with ice-water, a clear yellow solution was obtained, which presumably contained the expected 
carbazolinium salt, but warming it caused the deposition of 9-benzoylcarbazole. It is suggested 
that resonance stabilisation between forms (XVIII) and (XIX) is of a low order and that, if 
the contribution of (XVIII) to the hybrid state were, for steric reasons, small, the molecule 
would approximate closely to structure (XIX) and the formation of benzoylcarbazole on 
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hydrolysis would be expected. Similarly, thiophenol was condensed with benzodimethylamide 
to give, by careful treatment in the cold, a clear yellow aqueous solution which on warming 
deposited phenyl thiolbenzoate in ca. 40% yield. Here again, a stable product would presumably 
demand a high degree of hybridisation of the forms (XX) and (X XI) and, were the contribution 
of (XX) only small, the structure would approximate to (X XI), which is the metho-quaternary 
salt of an N-methylbenzimino phenyl thioether and would readily give phenyl thiolbenzoate 


* See footnote, p. 3319. 
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on hydrolysis. In other words, the hydrolysis of (XXI) is held to be exactly analogous to the 
aqueous hydrolysis of imino-ether salts such as (XXII). 


Ph-C=SPh Ph-C—SPh Ph-C—OEt 
— Ph-COSPh | — PhCO-OEFt 
NMe, +NMe, +NH, 


(XX.) (XX1.) (XXII) 


When the condensation was extended to dimethylaniline, it was found that the “‘ reactive ” 
hydrogen atom in the p-position to the substituent was able to function in the same manner as 
the “ acidic ”’ hydrogen atoms of secondary amines and thiophenol, for the product (60%) 
from benzodimethylamide was 4-dimethylaminobenzophenone and it seems reasonable to 
suppose that intermediate stages in the reaction can be visualised on lines already developed 
(cf. Shah, Deshpande, and Chaubal, J., 1932, 642). 


POCI, 


ea ta 
NMe, 


Ph-CO-NMe, + @ es _NMe, onthe Poe on)—~ Snme, 


Phe —< _SNMe, —> Ph-CO-C,H,NMe,-p 
+*NMe, Cl- 

It was now clear that the present work might be related to the aldehyde synthesis of 
Vilsmeier and Haack (Ber., 1927, 60, 119; Ferguson, Chem. Reviews, 1946; 38, 230), who 
found that, when NN-dialkylanilines and formomethylanilide condensed in the presence of 
phosphoryl chloride, the products were hydrolysed in acid solution to -dialkylamino- 
benzaldehydes; and the reaction has been extended (see Ferguson, Joc. cit.) to certain other 
compounds containing ‘‘ reactive’’ hydrogen atoms. Vilsmeier and Haack were not very 
precise in expressing their views on the mechanism of their reaction. On the one hand, they 
suggested the intermediate formation of a compound such as NPhMe:CHC], and postulated the 
simultaneous formation of the p-dialkylaminobenzaldehyde and the formamidinium salt 


+ 

NPhMe:CH:NMePh Cl-, and on the other hand, in their experimental account, they state that 
half of the dialkylaniline does not react because it serves to bind the hydrochloric acid formed 
in the reaction. Ina repetition of the condensation of equimolecular amounts of formomethy]l- 
anilide and dimethylaniline, the identified products were p-dimethylaminobenzaldehyde (67%), 
dimethylaniline (impure picrate, 12%), and methylaniline (80%); there was no evidence of the 


H-CO-NPhMe + nme, —> HO- n< » 


> 
MePhN 


Va SNe, —=)> Hco-< SN Me, + NHPhMe 
MePhN+ Cl- 


formamidinium salt. Since the latter is readily isolated as its sparingly soluble iodide from 
the reaction product of formomethylanilide and either methylaniline (50%) or its hydrochloride 
(92%) under exactly the same conditions of treatment with phosphoryl chloride, it is probable 
that the methylaniline formed in the above reaction is liberated only during the working-up. 
For these reasons, it is suggested that the Vilsmeier—Haack reaction proceeds essentially through 
the stages shown, possibly with minor variations such as the initial formation of the formo- 
methylanilide—phosphoryl chloride adduct isolated by those workers. Strong confirmation 
of these views has been provided by the work of Akabori (Bull. Chem. Soc. Japan, 1926, 1, 96; 
see also Kindler and Peschke, Arch. Pharm., 1932, 270, 353) for a system in which a ring 
structure stabilised the type of charged intermediate postulated above. 
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EXPERIMENTAL. 


N’-Aryl-NN-dialkylbenzamidines (IV).—The following preparation of N’-phenyl-NN-dimethyl- 
benzamidine (cf. von Pechmann, Ber., 1895, 28, 2372) may be taken as typical. Benzanilide imido- 
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chloride (20 g.) was added gradually to a cooled and stirred mixture of 25% aqueous dimethylamine 
(100 c.c.) and alcohol (100 c.c.), which was afterwards kept at 40—50° for 3 hours and left overnight. 
After evaporation of the mixture to dryness in a vacuum, the amidine was extracted with dilute acetic 
acid and precipitated with aqueous ammonia. Crystallised from light petroleum it had m. p. 72—73° 
(yield, 80%). Von Pechmann gave m. p. 72°. The amidine hydriodide formed colourless prisms, 
m. p. 199—200°, from alcohol-ethy] acetate (Found : I, 36-5. Calc. for C,;H,,N,I: I, 36-1%); Pyman 
(J., 1923, 128, 370) gave m. p. 200°. 

Other amidines which were prepared are recorded in Table I; those containing nitro-groups were 
usually sparingly soluble in dilute acetic acid and were isolated with the aid of dilute hydrochloric acid. 
Nitro-compounds were reduced to amino-compounds catalytically and the latter were acetylated with 
acetic anhydride. 

The anilides used as intermediates in the preparation of the above amidines were known compounds, 
with the exception of the following. 

p-Nitrobenzo-p’-carbethoxyaminoanilide, prepared from p-carbethoxyaminoaniline, had m. p. 267° 
after crystallisation from pyridine (Found: N, 12-6. C,gH,,0O,N; requires N, 12-75%). 

p-Carbethoxyaminobenzo-p’-nitroanilide, prepared from p-carbethoxyaminobenzoyl chloride (Walls, 
private communication) and p-nitroaniline, had m. p. 241° after crystallisation from 2-methoxyethanol 
(Found : N, 12-8%). 

pp’-Biscarbethoxyaminobenzanilide.—The previous nitro-compound was reduced with hydrogen and 
palladium-charcoal in 2-methoxyethanol; the isolated p-carbethoxyaminobenz-p’-aminoanilide formed 
colourless leaflets (from methanol), m. p. 205—206° (Found: N, 13-9. C,,H,,0O,N, requires N, 14-0%). 
This was carbethoxylated with ethyl chloroformate in 2-methoxyethanol, in the presence of diethyl- 
aniline, to give the required anilide, m. p. 274—275° (evolves gases and resolidifies), after crystallising 
from 2-methoxyethanol in fine colourless needles (Found: N, 11-5. C,,H,,O;N; requires N, 11-4%). 

Aniso-p-nitroanilide, crystallised from 2-methoxyethanol, had m. p. 185° (Found: N, 10-0. 
Ceriaes requires N, 10-3%). The m-isomer, crystallised from alcohol, had m. p. 176° (Found: 
N, 10-0%). 

N’ Phenyl-NNN?-trimethylbenzamidinium Iodide (III; X=Y=H; R’=R”’=Me; A=I).— 
Preparation. (a) The action of boiling methyl iodide on either N’-phenyl-NN- or N-phenyl-NN’-di- 
methylbenzamidine according to Pyman (loc. cit.) gave the same salt as colourless prisms (from 
acetone), m. p. 144—145° (later, 180—182°) (Found: I, 34-6. Calc. for C,,H, .N,I: I, 34:7%). 
(b) Benzodimethylamide (1-5 g.), methylaniline (1-1 c.c.), and phosphoryl chloride (10 c.c.) were heated 
at 120—130° for 5 hours. After evaporation of the mixture in a vacuum at 100°, the residual glass was 
dissolved in water, acidity to Congo-red removed with sodium acetate, and the solution extracted with 
ether. Addition of potassium iodide (2 g.) precipitated an oil which solidified on cooling. The product 
(yield, 50%), washed with ethyl acetate and dried, had m. p. 180—182°, undepressed by the salt 
obtained in (a). The use of phosphorus trichloride gave a yield of only 16%, but with oxychloride and 
an equivalent amount of methylaniline hydrochloride instead of the base, the yield was 90%. 


TABLE I. 
N’-Aryl-NN-dialkylbenzamidines, X*C,HyC(NR’R”):N°C,H,Y. 
Found, 
R’R”. Formula. Solvent. M.p. N, %. 
Me, C,;H,,0,N; 60% EtOH 107—108° 15-9 


nn C,5HyyO.N, 
a = 66% EtOH Ee 
js C,,H,:N; 25% EtOH 4 176 


7: Cy7H iON, 30% EtOH 5- 5-2 15-0 
C,,H,,ON;,14H,O ” . 13-6 


80% EtOH 
EtOH 


” 


” ” #” 


p-NH, p » EtOAc-petrol 
pNHAc i Aq. EtOH 
~-NH:CO,Et »-NH-CO,Et C.,Hs,0,N (Amorphous) 


22-05 
16-5 
14-05 
15-7 


ise p-N O, ” ( ” 
p-NO, p-NH-CO,Et fc Aq. EtOH 
~-OMe p-NO, C,.H,,0,N, EtOH 


Cr or cr 


14-0 
a m-NO, fe: "i 66% EtOH 
p-NO, p-NO, (CH,],> C,,H,,0,N, MeO-CH,‘CH,‘OH 


15:8 
Et, C,H y,0,Ng EtOH 


16-4 
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Degradation. A mixture of the salt (2 g.) and potassium hydroxide (3 g.) in alcohol (15 c.c.) was 
boiled for 3 hours, dimethylamine being evolved. Water (35 c.c.) was added and the mixture extracted 
exhaustively with ether. The aqueous residue, on treatment with sodium hydrogen sulphite and 
hydrochloric acid, yielded benzoic acid (0-6 g., 90%). identified by mixed m. p. The ethereal extract 
was evaporated to give an alcoholic solution, which was acidified with hydrochloric acid. The alcohol 
was evaporated and the aqueous residue treated with a little charcoal and filtered. Sodium hydroxide 
solution (3 c.c.; 40%), toluene-p-sulphony] chloride (1-4 g.), and pyridine (1 drop) were added, and the 
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mixture was well shaken, a further quantity of sodium hydroxide (2 c.c.) being added later; the mixture 
was warmed gently and then shaken till cold. A crystalline precipitate (1-3 g., 90%) was filtered off 
and dried, and had m. p. 90—92°; crystallisation from benzene-light petroleum raised this to 
93-5—94-5°, undepressed by an authentic specimen of toluene-p-sulphonmethylanilide. The alkaline 
filtrate from the acylation gave no precipitate on acidification. 

NN’-Diphenyl-NN‘-dimethylbenzamidinium Iodide (IIl; X=Y=H; R’=Me; R”’ = Ph; 
A = 1).—Preparation. (a) The condensation of benzanilide imido-chloride with methylaniline in 
benzene gave NN’-diphenyl-N-methylbenzamidine, b. p. 230—235°/16 mm., in 80% yield (von Braun 
and Weissbach, Ber., 1932, 65, 1574, gave b. p. 226—228°/13 mm.). Boiling methyl iodide converted 
this quantitatively into the required salt, pale yellow prisms (from alcohol-ethyl acetate), m. p. 
171—172° (Found: I, 29-5, 29-9. C,,H,,N,I requires I, 29-7%). (b) Benzomethylanilide (2-1 By 
methylaniline (1-1 c.c.), and phosphoryl chloride (10 c.c.) were heated at 120° for 5 hours. Working up 
as before gave an iodide (2 g.; 50%), m. p. 167—169°, raised by crystallisation to 170—172°, undepressed 
by the salt obtained in (a). ; 

Degradation. Treatment of the salt (2 g.) with alcoholic potassium hydroxide in the manner described 
above gave toluene-p-sulphonmethylanilide (2-2 g., 90%), m. p. 91—93°, identified by mixed m. p. 

N’-p-Nitrophenyl-NNN’-trimethylbenzamidinium Iodide (III; X=H; Y= p-NO,; R’= R” = 
Me; A =I1).—Preparation. (a) N’-p-Nitrophenyl-NN’-dimethylbenzamidine (2-7 g.) and acid-free 
methyl! sulphate (1-05 c.c.) were heated to 115—120°; when the exothermic reaction had ceased, the 
product was washed with benzene and then dissolved in water, and potassium iodide (1-8 g.) was added. 
The precipitated orange oil solidified on cooling to a pale yellow solid (3-8 g., 93%), which separated from 
alcohol-ethyl acetate as a mixture of pale yellow prisms and fine needles. This was a monohydrate, 
melting indefinitely >90° (Found, after drying in a vacuum at 60°: I, 29-4; loss at 115°, 4-7. 
CygH,,02,N3I,H,O requires I, 29-6; H,O, 4:2%). 

(b) Benzodimethylamide (1-5 g.), p-nitromethylaniline (1-5 g.), and phosphoryl chloride (10 c.c.) 
were heated at 120—130° for 6 hours. Working up as before gave an iodide (3-9 g., 95%) identical with 
that obtained in (a). Phosphorus trichloride gave a tar. 

Degradation. Treatment of the salt with alcoholic potassium hydroxide in the usual manner was 
unsuccessful, a considerable amount of brown amorphous material being formed. The salt (2-06 g.) 
was dissolved in warm water (15 c.c.) and N-sodium hydroxide (1 mol) added; after refluxing 
for 6 hours the mixture was cooled and the separated crystals were extracted with ether. The residue, 
after evaporation of ether, was digested with cold benzene to leave orange prisms (0-42 g.), m. p. 
149—152° (mixed m. p. with p-nitroaniline, 114—117°; with -nitromethylaniline, 150—152°). A 
pale yellow oil obtained from the benzene washing was heated for 24 hours with alcohol (10 c.c.) and 
concentrated hydrochloric acid (5 c.c.); evaporation and basification gave a product which, washed 
with benzene, left greenish-brown crystals (0-18 g.), m. p. 1560—152°, depressed to 114—117° by p-nitro- 
aniline, but undepressed by p-nitromethylaniline. The total recovery of p-nitromethylaniline was 80%. 

N’-Aryl-NNN’-trialkylbenzamidinium Salts (III).—The remaining compounds of this type are given 
in Table II. The methods of preparation were: (a) methylation of the appropriate amidine (IV); 
(b) methylation of the corresponding nitro-amidine, followed by reduction; (c) methylation of the 
corresponding acetamidoamidine, followed by hydrolysis with hydrochloric acid; (d) condensation of 
the appropriate amide and secondary amine, followed by reduction. Amidinium salts containing 
nitro-groups did not, in general, give crystalline iodides and were in such examples reduced without 
characterisation to the corresponding amino-compounds. This reduction was carried out either 
catalytically or with neutral ferrous hydroxide. 

NN’-Diphenyl-N-methyl-p-nitrobenzamidine (IV; X = p~-NO,; Y =H; R’=Me; R” = Ph).— 
p-Nitrobenzanilide imido-chloride (from 24-2 g. of anilide), methylaniline (10-6 g.), and benzene (100 c.c.) 
were heated under reflux for 24 hours. The separated solid was filtered off, dissolved in water, and 
basified with aqueous ammonia. The precipitated amidine, m. p. 86°, separated in orange cubes from 
alcohol (Found: N, 12-6. Cy 9H,,0O,N, requires N, 12-7%). 

NN’-Diphenyl-NN’-dimethyl-p-aminobenzamidinium Iodide (III; X = p-NH,; Y=H; R’ = Me; 
R”’ = Ph; A = I).—The above nitro-amidine (5 g.) was heated at 115—120° with methyl sulphate 
(2-1 c.c.), and the water-soluble product precipitated as the iodide (m. p. 250°), which could not be 
recrystallised. It was therefore reduced with ferrous hydroxide (from 18-2 g. of ferrous sulphate and 
20-6 g. of barium hydroxide) on the steam-bath; after cooling, the mixture was filtered, the solid was 
extracted exhaustively with methanol, and the combined filtrate and extract were evaporated to 
dryness in a vacuum (3-7 g.; m. p. 262°). Crystallised from 2-ethoxyethanol, the iodide had m. p. 265° 
(Found: N, 9-2; I, 28-1. C,,H,,N,I requires N, 9-5; I, 28-6%). 

NNN’N’-Tetramethylbenzamidinium Chloride (XV1).—Benzodimethylamide (4-3 g.), dimethylamine 
hydrochloride (2-35 g.), and phosphoryl chloride (10 c.c.) were heated at 120—130° for 5 hours. After 
evaporation in a vacuum, the residue was dissolved in water and added to a hot solution of picric acid 
(7-5 g.) in water (150 c.c.). When the precipitated oil had solidified, it was filtered off, dried (10-9 g.), 
and crystallised from methanol to give yellow needles of the picrate, m. p. 130—132°, in ca. 70% 
yield (Found: C, 50-85; H, 4:7; N, 17-3, 17-4. C,,H,0,N, requires C, 50-4; H, 4-7; N, 17-3%). 
The chloride, regenerated from pure picrate, was a glass; when boiled with dilute sodium hydroxide, 
it evolved dimethylamine and yielded benzoic acid by acidification. 

N’N’-Diphenyl-NN-dimethylbenzamidinium Iodide (XVII).—Benzodimethylamide (1-5 g.), diphenyl- 
amine (1-7 g.), and phosphory! chloride (10 c.c.) were heated at 120° for 5 hours and then evaporated in 
avacuum. The residue was treated with hot water, cooled, acidity to Congo-red removed with sodium 
acetate and extracted with ether. Addition of potassium iodide (2 g.) precipitated an oil 
which eventually solidified in the cold. After drying, it was crystallised from ethyl acetate—-methyl 
ethyl ketone and then from the latter alone to give the above iodide, pale yellow prisms or bright yellow 
needles, m. p. 215—216° (Found: N, 6-5; I, 30-4. C,,H,,N,I requires N, 6-5; I, 29-7%). 

Condensations of Benzodimethylamide.—(1) With carbazole. (a) Benzodimethylamide (1-5 g.), 
carbazole (1-67 g.), and phosphoryl chloride were heated at 120° for 5 hours and then evaporated in a 
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vacuum. When the remaining glass was heated with water, an insoluble oil was formed which 
solidified on cooling (2-7 g.; m. p. ca. 90°). Crystallisation from alcohol gave long needles (80%) of 
9-benzoylcarbazole, m. p. 97—98°, identified by mixed m. p. (b) The crude product left after removal 
of phosphory! chloride was stirrred with water and ether at 0° until dissolution was complete. The 
yellow aqueous solution was re-extracted with ether, buffered with sodium acetate, and warmed on the 
steam-bath; the colour was at once discharged, and an oil separated, which solidified on cooling. This 
was identified by its mixed m. p. as 9-benzoylcarbazole. 

(2) With thiophenol. Benzodimethylamide (1-5 g.), thiophenol (1 c.c.), and phosphoryl chloride 
(10 c.c.) were heated at 120—130° for 5 hours and then evaporated in a vacuum. The remaining glass 
dissolved in ice-cold water to leave only a little residue, taken into ether. The clear golden-yellow solution 
was buffered with sodium acetate and warmed on the steam-bath ; the colour rapidly disappeared and an oil 
separated which solidified on cooling (1 g.). Purified by chromatography on alumina in light petroleum 
solution, this gave 0-8 g. (37%) of phenyl thiolbenzoate, m. p. and mixed m. p. 55-5—56-5°. 

(3) With dimethylaniline. Benzodimethylamide (3 g.), dimethylaniline (2-5 c.c.), and phosphoryl 
chloride (10 c.c.) were heated at 120° for 5 hours and then evaporated in a vacuum. The dark-green 
glass dissolved completely in a little water, but dilution precipitated an oil; the pH was raised until 
the solution was only faintly acid to Congo-red, and the mixture cooled to 0°. The solid product (2-7 g., 
60%) had m. p. 88—89°, raised to 90-5—91-5° by crystallisation from methanol and was identified by 
mixed m. p. as 4-dimethylaminobenzophenone. 

Condensations of Formomethylanilide—(1) With methylaniline. Formomethylanilide (2-7 g.), 
methylaniline hydrochloride (2-9 g.), and phosphoryl chloride (10 c.c.) were heated at 50—60° fo 
2 hours and then on the steam-bath for } hour. After evaporation in a vacuum, the remaining syrup 
was dissolved in warm water, and potassium iodide (4 g.) was added. The precipitated oil quickly 
solidified (6-5 g., 92%) and had m. p. 162—-164°. Crystallisation from alcohol yielded the formamidinium 
iodide as colourless plates, m. p. 163—164° (Found: N, 7-6; I, 36-2. Calc. for C,,H,,N,I: N, 7-95; 
I, 36-1%). Vilsmeier and Haack (loc. cit.) gave m. p. 160—161°. When methylaniline was used in 
place of its hydrochloride, the yield was only 50% and the product was not so easy to purify. 

(2) With dimethylaniline. Formomethylanilide (2-7 g.), dimethylaniline (2-5 c.c.), and phosphoryl 
chloride (10 c.c.) were heated at 50—60° for 2} hours and then on the steam-bath for 4 hour. After 
evaporation in a vacuum, the reddish-brown glass was warmed with water. When an exothermic 
reaction had ceased, a little brownish-yellow solid was undissolved (0-4 g.; m. p. ¢250°) and 
was filtered off. The filtrate was treated carefully with sodium hydrogen carbonate until only faintly 
acid to Congo-red, thus producing a very pale yellow precipitate, which, after cooling at 0° overnight, 
was filtered off and dried (2-0 g.,67%). It had m. p. 73—74°, not depressed by authentic p-dimethyl- 
aminobenzaldehyde. 

When the filtrate was further basified to pH 7-5—8, an oil was precipitated and taken into ether. 
(Subsequent addition of potassium iodide gave no precipitate of the formamidinium iodide.) The 
ethereal extract yielded an oil (2-5 g.) which was acylated by the portionwise addition of toluene-p- 
sulphonyl chloride (7-5 g.) and 2N-sodium hydroxide with shaking and gentle warming. The semi- 
solid product was taken into benzene, washed with sodium hydroxide solution, and then extracted with 
hydrochloric acid. The benzene yielded 4-05 g. (80%) of toluene-p-sulphonmethylanilide, m. p. 
90—93°, identified by mixed m. p. The acid extract was basified and extracted with ether to give an 
oil (0-6 g.); extraction with methanol and addition of methanolic picric acid yielded a greenish-yellow 
powder (0-85 g., 12%), m. p. ca. 155°. Crystallisation from alcohol raised the m. p. to 156—158°, not 
depresssed by authentic dimethylaniline picrate. 


The author is indebted to Mr. A. Bennett for the micro-analyses and to Messrs. Armitage and West 
for technical assistance. 
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695. Experiments on the Interaction of Hydroxy-compounds and Phos- 
phorus and Thionyl Halides in the Absence and in the Presence of 
Tertiary Bases. Part VII. 


By Keita H. V. FRENcH and WILLIAM GERRARD. 


Velocities of decomposition of a number of chlorosulphinates, RO-SOCI, to the respective 
chloride, RCI, and sulphur dioxide in the presence of small amounts of pyridine hydrochloride 
have been determined at different temperatures. The results clearly show the time-temperature 
requirements for complete decomposition, information which has significance in the Darzens 

rocedure. 
“ Even when such small amounts as 0-01 mol. of base hydrochloride for each mol. of chloro- 
sulphinate were used, the systems were physically heterogeneous, and stirring had a material 
influence on the rate of decomposition. Although specific rates calculated on the basis of a 
first- or second-order system showed considerable variations during each reaction, the base 
hydrochloride not being allowed for, the results provide useful guidance in further investiga- 
tions into the mechanism of replacement of hydroxyl group by halogen. 


In the study of Walden inversion reactions the readier replacement of the hydroxyl group by a 
chlorine atom by means of thiony] chloride in conjunction with pyridine (Darzens, Compt. rend., 
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1911, 152, 1314, 1601) has been of considerable interest, and the process appears to involve the 
formation, probably via the sulphite, SO(OR),, of the chlorosulphinate, RO-SOCI, and its 
decomposition (Frankland and Garner, J., 1914, 105, 1101; McKenzie and Clough, J., 1913, 103, 
687; Levene and Mikeska, J. Biol. Chem., 1924, 59, 473; McKenzie and Tudhope, ibid., 1924, 
62, 551; Kenyon, Phillips and co-workers, Tvans. Faraday Soc., 1930, 26, 451; Gerrard, /J., 
1936, 688; 1939, 99; 1940, 218; 1944, 85; Hughes, Ingold, and co-workers, J., 1937, 1252). That 
pyridine facilitates these two processes, there is no doubt; that pyridine hydrochloride or 
pyridine itself facilitates the formation of the chlorosulphinate from the sulphite, has still to be 
decided. Gerrard (loc. cit.) showed that the interaction of the chlorosulphinate and pyridine 
itself presented very different phenomena from those presented by the chlorosulphinate— 
pyridine hydrochloride system. Furthermore, in reply to Libermann (Nature, 1947, 160, 903; 
cf, Gerrard and French, ibid., 1947, 159, 263), it has been shown that there can be structural 
factors which render the employment of pyridine not merely unnecessary, but, from the point 
of view of yield of chloride, RCI, undesirable. An excellent yield of 1-chloro-1-phenylethane is 
readily obtained by mixing the alcohol and thionyl chloride; but no evidence has yet been 
secured to show that the chlorosulphinate is an intermediate. Even in the presence of pyridine 
at —10°, chloride, RCI, is formed during the actual addition of thionyl chloride; but the yield 
of chloride is considerably reduced. 

Carré and Libermann (Bull. Soc. chim., 1933, 53, 1051) manometrically determined the 
temperature at which sulphur dioxide was evolved from an equimolecular mixture of a certain 
alcohol, pyridine, and thionyl chloride. Such a temperature was referred to as the temperature 
of decomposition of the respective chlorosulphinate ‘‘ in the presence of pyridine.”” It does not 
follow, however, that the temperature at which the sulphur dioxide disentangled itself in an 
appreciable amount from the reaction mixture was that at which its formation became measurable. 
Furthermore, the temperature might have been that at which the interaction of the thionyl 
chloride and sulphite became appreciable, the chlorosulphinate then undergoing rapid 
decomposition. 

The present investigation is a step towards a more detailed study of the thionyl chloride— 
hydroxy-compound system, and concerns the determination of the rates of decomposition of a 
number of chlorosulphinates in the presence of small amounts of pyridine hydrochloride at 
different temperatures. The outstanding feature is the determination, with serviceable precision, 
of the time-temperature factor, which refers to the time for which the system must be heated 
at a given temperature to effect a stated percentage decomposition of the chlorosulphinate. To 
illustrate the significance of this information we refer to the experiment of Whitmore and 
Rothrock( J. Amer. Chem. Soc., 1932, 54, 3431) in which neopenty] alcohol, pyridine, and thionyl 
chloride were mixed in ethereal solution at 0°. There is no mention that the mixture was warmed; 
after 24 hours the mixture was worked up in the usual way. Of the original alcohol, 75% was 
recovered, and no chloride, RCI, was isolated. It is now clear that any resistance to replacement 
of the hydroxyl group by chlorine was not seriously challenged in this experiment, even though, 
as Whitmore and Rothrock stated, the procedure was ‘‘ the method of Darzens,’”’ modified until 
it gave over 30% yields of 1-chlorobutane from butan-1-ol. 

In the experimental part we present a selection from all the data we accumulated in order to 
illustrate the general trend of the phenomena. We purposely avoided any serious deviation 
from the conditions usually prevailing during the application of the Darzens procedure. The 
conclusions we draw at this stage are that decomposition is occurring not only by the catalytic 
influence of the pyridine hydrochloride dissolved in the chlorosulphinate, but also by its influence 
on the chlorosulphinate dissolved in the molten pyridine hydrochloride. Diffusion of chloride, 
RCI, out of, and of the chlorosulphinate into, the latter will be significant. The availability of 
base hydrochloride dissolved in the reaction liquid will vary, not merely because of the decrease 
in concentration of the chlorosulphinate, but also because of the variation in solubility of the 
hydrochloride as the liquid changes from 100% chlorosulphinate to 100% chloride. 


EXPERIMENTAL. 


The chlorosulphinate and base hydrochloride were contained in a vessel fitted with a mechanical 
stirrer, an exit tube which passed through an upright condenser, and another exit tube which passed to 
the bottom of the reaction vessel, but was slightly turned up at the bottom to ensure that the end of the 
tube was clear of the pool of molten pyridine hydrochloride. To the outside end of this exit tube was 
attached a small sampling bulb, of known volume, furnished with a tap at eachend. The other exit tube 
which passed through the condenser was attached to a pair of levelling tubes containing dry air over 
mercury. By manipulation of the levelling tubes pressure was — to the surface of the reaction 
liquid, and some of the latter was thereby forced up into the sampling bulb. The sample was rapidly 
transferred to an appropriate amount of an aqueous solution of sodium hydroxide in a bottle which was 


« 
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immediately stoppered, and shaken. By the method of Volhard, the chloride-ion content, indicating 
unchanged chlorosulphinate, was determined. When an attempt was made to withdraw a sample by 
reducing pressure in the sampling bulb, bubbles of sulphur dioxide confused the operation. Temperature 
control was by a gas-thermoregulator, and the thermostat-bath liquid was an oil which was well stirred. 


Fic. 1. 


Effect of quantity of pyridine hydrochloride on rate of decomposition of isoamyl chlorosulphinate : 
unstirred conditions. 
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Fie. 2. 


Comparison of rates of decomposition of isoamyl chlorosulphinate in the presence of the hydrochlorides of 
tertiary bases: 80°, unstirred. 
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Fie. 3. 


Effect of quantity of pyridine hydrochloride on vate of decomposition of isoamyl chlorosulphinate : 
80°, stirred. 
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In Fig. 1 is shown the effect of the change in amount of pyridine hydrochloride, the system being 
unstirred at 70°. The curves for 80° are steeper, and decomposition was almost complete at the end of 
2 hours. In Fig. 2 the influence of a change in tertiary base hydrochloride is shown, the amount of 
respective hydrochloride being 0-01 mol. The system was unstirred. Fig. 3 illustrates data obtained 





[1949] Hydroxy-compounds and Phosphorus, etc. Part VII. 3329 


for different amounts of pyridine hydrochloride, the system being stirred. One curve for 0-009 mol. of 
the hydrochloride, the system being unstirred, is shown in contrast. When 0-3 mol. of hydrochloride 
was used at 80°, 90% of the isoamy] chlorosulphinate was decomposed in 30 minutes. Fig. 4 illustrates 
the influence of temperature on the rate of decomposition of n-butyl chlorosulphinate. Data from 
similar curves are expressed as percentage decomposition after 2000, 4000, 6000, and 8000 secs. for 
isoamyl chlorosulphinate at 40° (4, 7, 11, 14%), 50° (7, 11, 15, 18%), and 70° (38, 58, 71, 80%), for 
1-chloro-2-chlorosulphinoxyethane at 40° (1, 2, 2-5, 3%), 50° (3, 5, 7, 9%), 60° (16, 27, 36, 42%), and 
70° (28, 52, 70, 81%), and for ethyl a-chlorosulphinoxypropionate at 30° (3, 6, 9, 10-5), 40° (7-5, 14, 20, 
25%), 50° (12-5, 21, 27, 31%), and 60° (33, 52-5, 65-5, 76%). The reaction mixture was rapidly stirred 
and 0-01 mol. of pyridine hydrochloride was used. 


Fic. 4. 
Decomposition of n-butyl chlorosulphinate in presence of 0-01 mol. of pyridine hydrochloride. 
700 
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Fic. 5. 


Effect of temperature on chlorosulphinate decomposed (%) in 2 hours in the presence of 0-01 mol. of 
pyridine hydrochloride. 
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To illustrate the variation in specific rate of first-order and second-order reactions with respect 
to the concentration of isoamyl chlorosulphinate at 60° and for 0-01 mol. of pyridine hydrochloride, data 
are given in the following table. The system was rapidly stirred. 


Time of RO-*SOCI, Concn. of Time of RO*SOCI, Concn. of 
reaction, unchanged, RO-SOCI, reaction, unchanged, RO-SOCI, 
secs. %. g.-mol./l. 10°. , %. g--mol./l. 105,. 10°s. 
0 100 6-14 — y ° 1-79 
600 94-5 5-80 9-52 : ° ° ° 1-82 
1620 84-6 5-19 10-40 1-84 . . 1-96 
3360 73-0 4-48 9-38 1-80 11,150 40-4 5 . 2-16 


In Fig. 5 the amounts of chlorosulphinate decomposed in 2 hours are plotted against the temperature. 
The curves for the chlorosulphinates, RO*SOC] where R = n-C,H,, CH,°CH’CO,Et, iso-C,H,,, and 
CH,Cl-CH, are compared. It is clear that the curves do not strike the temperature axis abruptly. 

Equimolecular quantities of thionyl chloride, pyridine, and hydroxy-compound were mixed at —10° 
as described by Carré and Libermann. Such mixtures were heated in a thermostatically controlled bath 
at temperatures below those quoted by these workers as “‘ decomposition temperatures.’’ Each mixture 
was in turn treated with ice, and the chloride ion determined by the Volhard method, allowance being 
made for the permanent presence of | g.-ion proportion of chlorine. The percentage loss of chloride ion 
is stated with respect to the hydroxy-compound in the system, the respective mixture having been 
heated for 1 hour: Ethyl lactate (30°) (40%), butan-l-ol (40°) (43%), 2-chloroethan-1-ol (40°) (73%). 
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Two parallel experiments were conducted with isoamyl chlorosulphinate. In one, this substance © 
(1 mol.) was kept in contact with 0-01 mol. of pyridine hydrochloride in a stoppered bottle at 20—25° for 
48 hours. On the bottle being opened, it was noticed that a pressure had developed, and there was a 
strong smell of sulphur dioxide. Analysis showed that 15-4% of the original chlorosulphinate had 
decomposed. In the other experiment, the base hydrochloride was omitted, and it was found that the 
chlorosulphinate could be kept for weeks without the occurrence of appreciable decomposition. From 
time to time it has been noticed that certain batches of butan-l-ol, even after normal purification by 
distillation, could not be successfully converted into the distilled chlorosulphinate. Decomposition 
always occurred during distillation. However, after such a specimen of alcohol had been washed with 
dilute sulphuric acid, then washed free from acid, and dried, a distilled specimen of chlorosulphinate 
could then be obtained from it. We attribute this behaviour to the presence of traces of tertiary base 
in the alcohol, and we attach some importance to such small amounts of tertiary base which might 
adventitiously find their way into the materials and apparatus, from the laboratory atmosphere in which 
tertiary bases may recently have been handled. 

Neither glass wool, nor silica gel, nor powdered potassium chloride, all carefully dried, encouraged 
the decomposition of ethyl a-chlorosulphinoxypropionate at temperatures below 150°, the temperature at 
which the chlorosulphinate decomposed when alone. When pyridine hydrochloride (0-017—0-32 mol, 
per mol. of chlorosulphinate) was used the temperature at which the evolution of sulphur dioxide was 
obvious was about 47°, and coincided with the melting of the hydrochloride. The bubbles of sulphur 
dioxide were noticed only at the liquid-liquid interface. 
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696. The Passivity of Metals. Part X. The Mechanism of 
Direct Dissolution of Ferric Oxide. 


By M. J. Pryor and U. R. Evans. 


a-Ferric oxide has been found to dissolve comparatively rapidly in hydrofluoric or concen- 
trated hydrochloric acid, which readily form soluble complexes with ferric ions. In dilute 
solutions of hydrochloric, sulphuric, or perchloric acid, which do not easily form these complexes, 
the rate of dissolution falls off with time, and the resulting solutions contain ferrous iron. 
This may be attributed to preferential attack at surface defects involving oxygen deficiency and 
consequently the presence of ferrous ions in the oxide lattice. The fact that the dissolution 
is the same in dilute solutions of hydrochloric, sulphuric, and perchloric acid of equivalent 
concentrations, and is not influenced by additional chloride ions, suggests that the important 
step in the reaction is the combination of adsorbed hydrogen ions with oxygen ions belonging to 
the oxide lattice. The more rapid dissolution of hydrated oxides is considered to be due to 
the relative ease of breaking of the hydroxyl bonds believed to be present in these compounds. 


THE rate of dissolution of ferric oxide films is an important factor in determining the behaviour 
of iron towards acids. Early workers seem to have assumed that the rate of dissolution of all 
iron oxides was so great that passivity could not be attributed to the formation of oxide films 
(Senter, quoting Hittorf and others, Tvans. Favaday Soc., 1914, 9, 204); W. J. Miiller also 
expressed such views in his earlier papers (Z. Elektrochem., 1928, 34, 583; Monatsh., 1929, 52, 
463, 474). Evans (J., 1930, 478; Nature, 1930, 126, 130), however, demonstrated that the 
rapid destruction of visible films on heat-tinted iron by acid was due to reductive dissolution, 
and not to direct dissolution, since the same films, once separated from the metal, could survive 
in the acid for weeks, The rapid reductive dissolution will be discussed in a later paper. 

Griffith and Morcom (J., 1945, 786) measured the “‘ percentage solubility” of different 
oxides and hydrated oxides of iron, under conditions of manual agitation. Some of their results 
were confirmed by Mayne and Pryor (this vol., p. 1831) who found that precipitated, hydrated, 
oxides prepared from either ferrous or ferric salts with aqueous sodium hydroxide or ammonia 
were readily soluble in 0°1N-hydrochloric acid, even after ageing for one week. The precipitate 
formed by the action of ammonia on ferric salts was considered by Griffith and Morcom (loc. cit.) 
and by Béhm (Z. anorg. Chem., 1925, 149, 203) to be amorphous, but the electron-diffraction 
studies of Fordham and Tyson (J., 1937, 483) showed well-defined rings characteristic of a 
face-centred cubic lattice with a side of 5-70 a. Ignition of this material above 300° was stated 
by Griffith and Morcom to give «-ferric oxide, and the view that this oxide is the stable phase 
at moderate temperatures, in air, is supported by others (Iimori, Nature, 1937, 140, 278; Williams 
and Thewlis, Trans. Faraday Soc., 1931, 27, 767; Nelson, J. Chem. Physics, 1938, 6, 606; 
Bernard and Coquelle, Rev. Met., 1947, 113). 

The present research aimed at establishing the mechanism of direct dissolution, with the use 
of samples of ferric oxide produced by ignition at different temperatures, in order to assist the 
understanding of reductive dissolution. 
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Fic. 1. 
X-Ray powder photographs of oxides ignited at different temperatures, 


Co-Ka Camera 14, 9 cm, 
A = 300°, B = 385°, C = 1000°. 
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EXPERIMENTAL, 


Materials —The oxides under examination were prepared by precipitation from a boiling acidified 
solution of ferric ammonium sulphate (100 g. in 500 ml.) with aqueous ammonia. The precipitate was 
filtered under reduced pressure, through a Buchner funnel, and washed thoroughly with 5 1. of boiling 
distilled water. In order to displace adsorbed sulphate ions, the precipitate was then washed with 2 1. 
of a boiling, ammoniacal solution of ammonium acetate (100 g./l.), followed by a further 2 1. of boiling 
distilled water. The filtrate, which had been free from sulphate ions after the first washing, now 
contained much ammonium sulphate. Portions of the precipitate were dried, as far as possible, with 
filter-paper, and ignited in a platinum boat for 24 hours at different temperatures between 200° and 
1000°. The temperature of the electric furnace used was controlled by means of a “‘ Sunvic ’’ thermo- 
electric regulator to within +5° of that required; each portion of oxide was finally ground, for 1 hour, 
in a mechanical mill to a particle size of approx. 300 mesh. Every sample of oxide was subsequently 
found to be free from acetate ions. 

Three samples of oxide ignited at 300°, 385°, and 1000°, respectively, were examined by X-ray 
diffraction using the powder method; this investigation was kindly carried out by Dr. H. D. Megaw and 
Mr. A. R. Lang. The samples ignited at 385° and 1000° (Figs. 1B and 1C) gave patterns that were in 
excellent accord with those previously obtained for a-ferric oxide (Index of X-ray Diffraction Constants, 
A.S.T.M., 1945). The oxide ignited at 300° (Fig. 14) gave no well-defined lines and appeared to be 
amorphous. 

Fic. 3. 
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Iron was determined colorimetrically by the thioglycollic acid method (Swank and Mellon, Ind. Eng. 
Chem. Anal., 1938, 30, 7) in conjunction with the ‘ Spekker ’’ photoelectric absorptiometer. 

Experimental Method.—Preliminary experiments showed that the percentage, by weight, of oxide 
dissolved in a given time was greatly influenced by temperature, and so the main experiments were 
carried out in vessels contained in an asbestos-lined box, placed in a thermostat controlled at 25° + 0-25°. 
The experiments were carried out in square glass vessels measuring 4 x 4 x 4cm., holding about 60 ml. 
of solution. The results were almost independent of the volume of acid, which was subsequently 
standardised at 50 ml., but were influenced by the original mass of oxidetaken. A preliminary experiment 
indicated that, with 0-100—0-750 g. of oxide, the iron content of the solution was directly proportional 
to the original mass of oxide taken. With larger masses of powder the iron content of the solution was 
less than that predicted from the proportionality rule, probably owing to the oxide packing together. In 
the main experiments 0-250 g. of oxide was taken and the results expressed as the percentage by weight 
dissolved. 


It was necessary for reproducibility to introduce the oxide into the solution in a standard manner. 
50 ml. of the chosen solution were placed in a glass dish, and the oxide was dropped in by rotating a 
weighing tube gently, so that the powder sank to the bottom of the solution (dishes with flat bottoms 
were selected). 

Stagnant Conditions.—0-250 g. of oxide, carefully weighed, was exposed to 50 ml. of acid for a chosen 
time; the solution was then filtered rapidly under reduced pressure, through 3 layers of Whatman 
No. 42 filter-paper in a Buchner funnel. A correction was applied for the time taken during filtration by 
roughly determining the rates of dissolution after different intervals of time. The percentage, by weight, 
of oxide dissolved was calculated from the iron content of the filtrate; all experiments were carried out 
in duplicate or triplicate. 

The effect of temperature of ignition on the oxide dissolved in 1 hour by 0-1N-hydrochloric acid at 
25° is shown in Fig. 2. The oxides ignited at 200° and 300° dissolved fairly rapidly, whilst those ignited 
at higher temperatures were much more resistant. The sample ignited at 1000° was the least soluble 
(0-05% dissolved in 1 hour) and was used in experiments designed to show the effect of hydrochloric acid 
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concentration. The results (Fig. 3) show a marked increase in dissolution between 7N. and 10n., and an 
interesting rise between zero and 0-1n., followed by a flattening between 0-1N. and N. This latter feature 
is also observed in the oxides ignited at 600° and 800° (Fig. 4), but not in the oxide ignited at 300° (Fig. 5). 


Fic. 4. 


Relation between the percentage dissolution in Fic. 5. 


1 hour of oxides ignited at 600°, 800°, and Relation between the percentage dissolution in 
1000°, and the concentration of hydro- 1 hour of the oxide ignited at 300° and 
chlovic acid. the concentration of hydrochloric acid. 
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The variation, with time, of the percentage of different oxides dissolved by 0-1N-hydrochloric acid, 
at 25°, is shown in Fig. 6. The decrease in the rate of dissolution, with time, may be due to: (1) general 
exhaustion of oxide and acid, (2) local exhaustion of acid around the oxide particles, or (3) depletion of 
some preferentially-soluble constituent in the oxide. The effect of the first factor, calculated on the 
assumption that the rate of attack is proportional both to the bulk concentration of the acid and to the 
surface area of the oxide, is insufficient to reduce the rate of dissolution by even 1% whereas the decreases 
observed experimentally were of the order of 100%. 

Conditions of Agitation.—To ascertain whether local exhaustion was the cause, experiments were 
carried out in which 0-250 g. of the oxide ignited at 1000° was shaken with 10 ml. of 0-1N-hydrochloric 
acid in a sealed tube clamped horizontally on a mechanical shaker and mounted in the thermostat. The 
results (Fig. 7) show that the decrease in rate was slightly more marked than before. Although the 
volume of acid was less than in the stagnant solutions, the bulk concentration decreased by <1% ina 
2-hours experiment, and so the results can safely be compared. If the exhausted-layer theory were 
correct violent agitation should permit dissolution at a more uniform rate. 

Presence of Ferrous Ions in the Filtrates—It would seem that the decrease of dissolution rate with 
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time must be attributed to the depletion of some preferentially-soluble constituent in the oxide. Pfeil 
{J. Iron Steel Inst., 1929, 119, 501) found that a-ferric oxide contained more than the stoicheiometric 
proportion of iron; evidently part of this excess must be in the ferrous condition, td maintain electrical 
neutrality. Consequently the filtrates from some of the experiments, the oxide ignited at 1000° and 
placed in 0-1N-hydrochloric acid, were tested qualitatively for ferrous ions, first with potassium ferricyanide 
and later with 2: 2’-dipyridyl. No ferrous ions could be detected after 2-hour experiments, but special 
long-time experiments, in dishes covered with well-greased glass plates, gave positive results. The 
filtrate from a 2-days experiment was divided, one half being oxidised with hydrogen peroxide and 
subsequently boiled to decompose the excess thereof. Both solutions were diluted to 100 ml., and 1 ml. of 
ferricyanide solution (1 g./100 ml. of water) was added to each. A distinct bluish-green colour was 
obtained in the unoxidised solution, whereas the other remained practically colourless. 

‘The 2 : 2’-dipyridyl test, which is more sensitive, detects 1 part in 1,660,000 parts according to Feigl 
(“ Qualitative Analysis by Spot Tests,’’ 1939, p. 96). Ferrous iron was found in the filtrate from a 
24-hours experiment with 0-1N-hydrochloric acid, carried out under stagnant conditions, but not after 
shorter periods. 

Experiments with Different Solutions.—Many of the previous experiments were repeated with solutions 
of sulphuric, perchloric, and hydrofluoroic acid. The results (Fig. 3) show that solutions, up to IN., 
of sulphuric and perchloric acid, dissolve the oxide ignited at 1000° at the same rate as solutions 
of hydrochloric acid of equivalent concentrations. Stronger solutions of sulphuric and perchloric acid, 
however, produced less attack on the oxide than did hydrochloric acid. Dilute solutions of sulphuric and 
perchloric acid also dissolved the oxides ignited at 600° and 800° at the same rate as equivalent concen- 
trations of hydrochloric acid (Fig. 4). The experiments to determine the variation with time, of the 
percentage of different oxides dissolved by 0-1N-hydrochloric acid were repeated with 0-1N-sulphuric and 
-perchloric acid. The results, Table I, are identical, within the limits of experimental error, with those 
previously obtained with hydrochloric acid. 

In experiments with hydrofluoric acid, carried out in square glass vessels lined with paraffin wax, 
the rate of dissolution (Fig. 3) of a-ferric oxide was much higher than in any of the other three acids. 


TABLE I, 


Variation, with time, of the wt.-percentages of various oxides dissolved by 0°1Nn-hydrochloric, 
-sulphuric, or -perchloric acid, under stagnant conditions. 
Mass of oxide, 0-25 g. Thermostat temp., 25°. 
Temp. of ignition Wt.-percentage of oxide dissolved. 
of oxide. Time, hrs. (a) in HCl (b) in H,SO,. (c) in HCIO,. 
600° 0-25 0-032, 0-035 0-035, 0-037 0-034, 0-036 
5 0-050, 0-054 0-052, 0-054 0-050, 0-052 
0-072, 0-072 0-070, 0-071 0-070, 0-073 
0-089, 0-086 0-090, 0-088 0-084, 0-085 
0-187, 0-185 
0-465, 0-456 
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mb 
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0-028, 0-028 0-030, 0-029 0-030, 0-031 
0-0365, 0-0385 0-045, 0-039 0-039, 0-042 
0-056, 0-054 0-055, 0-056 0-054, 0-055 
0-072, 0-070 0-074, 0-072 0-071, 0-068 
0-176, 0-172 
0-450, 0-438 
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0-021, 0-025 0-030, 0-027 0-031, 0-025 
0-037, 0-039 0-044, 0-042 0-041, 0-040 
0-0475, 0-050 0-055, 0-050, 0-052 0-046, 0-047 
0-063, 0-065 0-064, 0-0625 0-056, 0-058 
0-160, 0160, 0-164 

0-235, 0-257 
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TABLE II. 


Effect, on the wt.- percentage of ferric oxide dissolved in 1 hour, of the addition of extra chloride 
ions to 0°01N- and 0Q°1N-hydrochloric acid. 
Oxide ignited at 1000°. Mass of oxide, 0-25 g. Thermostat temp., 25°. 


Concn. of extra Wt.-% of oxide 
Concn. of acid, Nn. chloride ions added, N. . dissolved in 1 hr. 
0-01 : 0-014, 0-018, 0-015 
. 0-018, 0-017 
0-016, 0-018 
0-019, 0-015 
0-018, 0-018, 0-016 


0-0475, 0-050 
0-051, 0-050 
0-047, 0-049 
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In tests to determine whether the dissolution was affected by additional chloride ions (as potassium 
chloride), extra chloride ions (0-01—0-5N-potassium chloride) in hydrochloric acid (0-01 and 0-1n.) 
produced no significant change in the dissolution of the oride ignited at 1000° (see Table II). 

No dissolution of oxides, ignited at 600°, 800°, or 1000°, could be detected if the pH of the solution 
exceeded 3-2 (Fig. 8). Experiments at higher pH were continued for as long as 14 days, with chloride 
ion concentrations up to 1-5N., but gave no iron detectable by thioglycollic acid. 

Two-stage Experiments.—It was at this point felt that the dissolution in dilute solutions of hydrochloric 
acid was connected with a loosened structure around surface-lattice defects. Experiments were carried 
out to ascertain whether these defects could be replenished at the surface by diffusion from the interior, 
1 g. of the oxide ignited at 1000° was exposed to 0-1N-hydrochloric acid for 1 hour, filtered off, washed 
carefully, and dried ina desiccator. Portions of this residue were then allowed to stand at 25° for different 
times; 0-250-g. samples were then exposed for a further hour to 0-1N-hydrochloric acid. It was found, 
that, after ageing of the material for 29 hours at 25°, 0-0185% (by weight) of the oxide was dissolved by 
0-1N-hydrochloric acid in 1 hour. Previously 0-0445% of the oxide had been dissolved in an hour, 

making a total of 0-063% dissolved in the two separate l-hour 
Fic. 8. periods. Ina previous experiment (Fig. 6) 2-hours’ continuous 
Relation between the percentage dissolu- treatment with 0-1N-hydrochloric acid dissolved between 
tion, in 1 hour at 25°, of the oxide 0-0625% and 0-064% of the oxide ignited at 1000°. 
ignited at 1000°, and the hydrogen-ion In the second experiment the oxide was aged for 15 days 
activity of different solutions of hydro- at 25°. The percentage, by weight, of the oxide dissolved in 
chloric acid. 1 hour by 0-1N-hydrochloric acid was then 0-023%. As 
or 0-0445% of the oxide had been dissolved in the previous l-hour 
experiment, the total dissolution in the 2 separate hour periods 
was 0-0675%—not significantly different from that obtained 
by 2-hours’ continuous treatment with 0-1N-hydrochloric acid. 
\ Tests were next carried out to determine whether, after 








the defects originally present at the oxide surface had been 
largely removed by acid treatment, fresh defects could be 
i% produced by re-ignition. 1-0 g. of the oxide ignited at 1000° 
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was treated as described in the previous experiment. In this 
case, 0-050% was dissolved in the first hour and 0-014% ofa 
0-25-g. sample was dissolved in the second hour’s exposure to 
0-1n-hydrochloric acid. The remaining 0-75 g. of the residue 
that had been exposed to hydrochloric acid for 1 hour was 
re-ignited at 1000° for 24 hours. Two samples of 0-25 g. were 
then each exposed to 0-1N-hydrochloric acid for 1 hour, with 
the result that 0-052% and 0-050% respectively were dissolved. 
A similar series of experiments was carried out on the oxide 
MN] ignited at 385°: 1 hour’s treatment with 0+1N-hydrochloric 
acid dissolved 0-295%; a second hour’s exposure dissolved 
70 20 30 40 0°138%. The residue from the first hour’s test was re-ignited 
pH. for 24 hours at 385°; 0-187% and 0-180% of two 0-25-g. 
samples were then dissolved by treatment with 0-1N-hydro- 

chloric acid for 1 hour, thus indicating an average recovery of 28%. 
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DISCUSSION. 


The X-ray examination (Fig. 1) shows that oxides ignited at not less than 385° consist of 
a-ferric oxide, but those ignited at not more than 300° areamorphous. This amorphous structure 
is similar to that obtained in the X-ray researches of Béhm (Z. anorg. Chem., 1925, 149, 203) and 
reported by Griffith and Morcom (loc. cit.) and is doubtless characteristic of the hydrated oxide. 
It appears, therefore, that dehydration of the precipitate, and a consequent phase change, results 
from ignition at temperatures above 300°; this is in accordance with the observations of Griffith 
and Morcom, who also found that the “ percentage solubility ” of the resulting «-ferric oxide 
was only one-quarter of that of the hydrated oxide. The marked drop in the percentage 
dissolution observed by the authors above 300° (Fig. 2), is doubtless connected with the same 
loss of water. A similar drop in the dissolution rate with dehydration was noted by Blitz and 
Lemke (Z. anorg. Chem., 1929, 184, 373) with precipitated hydrated aluminium oxides, whilst 
Williams and Thewlis (loc. cit.) showed that y-hydrated ferric oxide (artificial lepidocrocite) 
became completely dehydrated when heated above 350°, giving y-oxide. 

It appears from the results in Fig. 2 that the oxides studied in the present research can be 
divided into two classes : 


(1) Those ignited at 300° and below, which still contained “‘ combined ” water and whose 
crystal structure is undetermined. 
(2) Those ignited between 385° and 1000° which consist of anhydrous «-ferric oxide. 


The following discussion deals mainly with the second, anhydrous group. 
Fig. 3 shows that the rate of dissolution of «-ferric oxide ignited at 1000° is comparatively 
high only in solutions of hydrofluoric and concentrated hydrochloric acid. The anomalous 
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effect of hydrofluoric acid has been observed by Clay and Thomas (J. Amer. Chem. Soc., 
1938, 60, 2384) with hydrated alumina and it appears probable that this acid is effective in 
dissolving a-ferric oxide because of the ease of formation of soluble ferrifluoride complexes. 
Similarly, high concentrations of hydrochloric acid will be favourable for the formation of 
complexes between ferric and chloride ions. It is probable, therefore, that if the anion of the acid 
is one that readily forms soluble complexes with ferric ions the oxide will dissolve fairly readily. 

Dilute solutions of sulphuric, perchloric, and hydrochloric acid most probably do not form 
soluble complexes with ferric ions and it can be seen from Fig. 3 that the rate of dissolution of 
a-ferric oxide in these acids is low. The remainder of the discussion will be devoted to the 
mechanism of dissolution in non-complex-forming acid solutions. Fig. 3 also indicates that the 
oxide ignited at 1000° contains a surface constituent that is comparatively easily removed by 
dilute acids, as the curve relating the percentage (by weight) dissolved to the acid concentration 
rises sharply from zero and then flattens out as the concentration increases from 0°LN. to 1-0N. 
The shape of the curve between 0°1N. and 1-0N. is also found with oxides ignited at 600° and 800° 
(Fig. 4), but not with the oxide ignited at 300° (Fig. 5). 

The falling off in the dissolution rate with time (Figs. 6 and 7)—even under conditions of 
agitation—points to the depletion of some readily soluble constituent in the oxide. This 
preferentially soluble constituent might be mainly associated with the presence of defects in the 
oxide lattice—a conclusion supported by the detection of ferrous ions in the filtrates. 

Recent work by Garner (Chem. and Ind., 1947, 132) and by Bevan, Shelton, and Anderson 
(J., 1948, 1729) shows that a-ferric oxide is a semi-conductor of the metal-excess type, containing 
vacant sites in the oxygen lattice. To maintain electrical neutrality these oxygen defects must 
be associated with the presence of ferrous ions in the oxide lattice. It is probable, furthermore, 
that around these defects the O—-O and Fe-—O distances will be slightly different from those in the 
“ perfect ” ferric oxide lattice. 

The fact that the total dissolution in two separate one-hour periods (separated even by 15 days) 
is practically the same as that obtained by two hours’ continuous treatment suggests that the 
diffusion of defects from the interior of the oxide to the surface is extremely slow at 25°. This 
result is in accordance with the views of Tammann (Z. anorg. Chem., 1925, 149, 67), who held 
that below the Tammann temperature (half of the absolute melting point, 7.e., approx. 650° for 
«-ferric oxide), self-diffusion was so slow that the surface defects were not in equilibrium with 
those in the interior. By heating, at 1000°, oxide whose surface defects had been removed by 
acid pretreatment, it was found to be possible to restore the rate of dissolution to its original 
value. This indicates that a high-temperature treatment can restore the number of defects at 
the surface of the oxide to the original value. A different result was obtained by heating for 
24 hours at 385°; in this case the rate of dissolution recovered to only 28% of the original value. 
These observations are of interest in connection with the results recorded in Fig. 2. It can be 
seen that raising the ignition temperature from 385° to 1000° results in a steady decrease in the 
percentage dissolution in 0°1n-hydrochloric acid. The equilibrium number of defects in a solid 
increases with temperature, and so it might be expected that ignition at high temperatures would 
favour more rapid dissolution; that this is not so is due to two additional factors. First, the 
density of the powder increases with the temperature of ignition, owing to sintering. Thus, 
although the particle size is approximately constant, the specific surface area decreases as the 
ignition temperature rises. Secondly, the two-stage experiments show that the surface defects 
in the oxide cannot be replenished by heat-treatment at 385°. Consequently it appears that the 
original surface defects in the oxide ignited at this temperature resulted from the method of 
preparation, 7.e., these defects were probably “ frozen in”’ at the phase change caused by the 
dehydration at 300°. Only when the temperature of ignition appreciably exceeds 650° would 
true equilibrium be expected. The oxide ignited at 1000°, however, appears to contain the 
equilibrium number of defects ‘‘ frozen in ” by rapid cooling to room temperature, as subsequent 
heating to 1000° of samples of this oxide whose surface defects have been largely removed by an 
acid treatment results in the restoration of the dissolution rate to its original value. 

The relatively large amount of ferrous iron in the acid extract strongly suggests that dissolution 
takes place most readily at the lattice defects where the energy needed for dislodging ions will 
be smaller than elsewhere. A picture of the more detailed mechanism—somewhat more 
speculative—may now be offered. 

It is widely believed that the first step in any dissolution process is the adsorption of ions, 
from solution, on the surface of the material in question; in dilute solutions of acids which do 
not readily form soluble complexes with ferric ions, the rate of dissolution appears to be 
independent both of the acid used (Fig. 3, Table I) and of the presence of additional chloride 
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ions (Table II). Changes in the concentration of hydrogen ions, however, have a marked effect 
on the rate of dissolution (Fig. 8). It appears probable, therefore, that under these conditions 
the important step in the dissolution of «-ferric oxide is the combination of adsorbed hydrogen 
ions with oxygen ions belonging to the oxide lattice. The removal of oxygen ions, from the 
oxide lattice, is likely to be considerably easier at surface defects where the O-O and Fe-O 
distances are slightly different from their normal values. The removal of one oxygen ion, as a 
hydroxyl ion, or as water, does not involve any production or consumption of electrons : 


or “S H+ = OH- 
belonging adsorbed 
to oxide ion 
or 
or “= 2Ht = H,O 


Consequently this reaction cannot create defects, in the form of ions of ‘‘ abnormal ” charge, as 
does the reaction of these oxides with gaseous hydrogen, illustrated in the work of Bevan, 
Shelton, and Anderson (loc. cit.). Thus the rate of dissolution should be controlled by the 
number of defects originally present in the oxide surface. If the oxygen ions, situated at a 
surface defect, move into the solution as hydroxyl ions (or as water) unaccompanied by iron, 
the surface of the oxide will remain positively charged. This charge can be dissipated only by 
iron ions passing into solution, since the temperature is too low to permit rapid self-diffusion. 
It will be considerably more difficult to remove oxygen ions from points in the lattice not 
associated with defects, as there the interionic forces will probably be much stronger. Conse- 
quently the initially rapid removal of the oxide surrounding the surface defects is followed by a 
slower attack on the more perfect parts of the crystal lattice. 

The shortest time for the detection of ferrous ions with 2 : 2’-dipyridyl was twenty-four hours. 
The total iron content of the solution after that period was 0°278 mg. in 50 ml., 7.e., 1 : 210,000. 
According to Feig] (op. cit.) the limit of sensitivity of the 2 : 2’-dipyridy] test is about 1 : 1,660,000. 
On the assumption that only after dissolution has proceeded for 24 hours does the concentration 
of ferrous ions become sufficiently high for detection, it can be seen that the ratio of Fe*+* : Fe+++ 
in the filtrates is of the order of 1:8; this suggests that not only the ferrous ions, but also the 
neighbouring ferric ions around each defect, pass into solution. Such a ratio is consistent with 
the rhombohedral structure of «-ferric oxide (3 M) in which the co-ordination number of the 
iron ions is six. 

The reason why dissolution of these oxides cannot be observed at pH >3°2 (Fig. 8) can now 
be explained. The minimum concentration of iron detectable by thioglycollic acid is approx- 
imately 2 x 10-* g.-ion/l. The concentration of ferrous ions in the filtrates after one hour’s 
exposure to 0°1N-hydrochloric acid will be considerably smaller than this, and so dissolution will 
not be detected unless ferric ions also pass into solution. If, however, conditions of pH are such 
that ferric ions would be precipitated as hydroxide, then no dissolution will be detectable by 
measurements of the iron content of the filtrates. Thus the factor that decides whether 
dissolution will be detectable is the solubility product of ferric hydroxide. Britton’s value of 
10-*7-7 (J. 1925, 1204) gives 3°3 as the maximum pH at which dissolution should be detectable; 
this is in good accord with the experimentally determined value of 3-2. 

The dissolution characteristics of oxides ignited at 300° and below are quite different from 
those of anhydrous «-ferric oxide. Fig. 5 shows that the curve relating dissolution to acid 
concentration has a different shape from that obtained with the anhydrous oxides (Fig. 4). 
Presumably these hydrated oxides can dissolve at points other than those associated with the 
presence of defects, probably owing to the presence of hydroxyl] bonds in the lattice ; the existence 
of this bond, in these hydrated oxides, has been shown by Wells “‘( Structural Inorganic 
Chemistry,” 1945, p. 356). The weak hydroxyl bonds should facilitate the removal of the 
surface oxygen ions by adsorbed hydrogen ions. This factor—along with the higher specific 
surface area—may serve to explain why hydrated oxide dissolves so much more quickly than the 
anhydrous variety. 
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697. Quaternary Ammonium Salts. Part I. A New Method for the 
Preparation of p-Substituted Alkoxy-, cycloAlkoxy-, Arylalkoxy-, 
Aryloxy-, and Alkylthio-benzophenones. 


By Wapie Tapros and ALBERT LATIF. 


Decomposition of benzophenone-4 : 4’-bis(trimethylammonium chloride) by sodium alkoxide, 
cycloalkoxide, arylalkoxide, aryloxide, or thioalkoxide gave usually, as main products, the 
benzophenones substituted by (a) two dimethylamino-, (b) two RO (or RS) groups, and (c) one 
dimethylamino- and one RO (or RS) group. This offered a means for the preparation 
of 4: 4’-dicyclohexyloxybenzophenone. 4-Hydroxy-4'-tert.-butoxybenzophenone was obtained 
instead of the di-tert.-butoxy-compound. Decomposition of diphenylmethane- or benzhydrol- 
4: 4’-bis(trimethylammonium chloride) with sodium methoxide or ethoxide gave bisdimethyl- 
amino-hydrocarbon and -alcohol respectively. 


ATTEMPTs to prepare 4: 4’-di-tert.-butoxy- and -cyclohexyloxy-benzophenone from 4: 4’-di- 
hydroxybenzophenone (Jones, J., 1936, 1854) or 4: 4’-dibromobenzophenone by Ullmann’s 
method (Dilthey, J. pr. Chem., 1933, 186, 49) failed. In view of the finding (Zaki and Tadros, 
J., 1941, 350) that the decomposition of p-formylphenyltrimethylammonium chloride and 
alcoholic sodium ethoxide gave a mixture of p-ethoxy- and p-dimethylamino-benzaldehyde, 
the preparation of the above compounds was explored on similar lines. 

Benzophenone-4 : 4’-bis(trimethylammonium chloride) was decomposed with alcoholic sodium 
cyclohexyloxide and tert.-butoxide whereby 4 : 4’-dicyclohexoxy- and 4-hydroxy-4’-tert.-butoxy- 
benzophenone were obtained, together with other fractions (see Experimental section). The 
reaction was extended to the preparation of other 4 : 4’-disubstituted benzophenones. Mixed 
benzophenones (see Table II) are thus readily obtained. 

The decomposition of diphenylmethane- or benzhydrol-4 : 4’-bis(trimethylammonium chloride) 
with alcoholic sodium methoxide or ethoxide gave rise only to Michler’s base or hydrol, 
respectively. The formation of the alkoxy-compounds in the decomposition of the benzophenone 
salt was apparently caused by the presence of the electron-attracting carbonyl group. 
Michler’s base and hydrol were also obtained by thermal decomposition of the corresponding 
dichlorides, whereas the thermal decomposition of benzophenone-4 : 4’-bis(trimethylammonium 
chloride) gave some Michler’s ketone together with unidentified products. 

Oxidation of the quaternary diphenylmethane or benzhydrol chlorides with potassium 
permanganate or nitric acid gave the ketone salt. 


EXPERIMENTAL. 
(M. p.s are uncorrected. Microanalyses were by Drs. Weiler and Strauss of Oxford.) 


Diphenylmethane-4 : 4’-bis(trimethylammonium Methosulphate).—A mixture of Michler’s base (25 g., 
1 mol.) and methyl sulphate (50 g., 4 mols.) was cautiously heated on the water-bath, the vigorous 
exothermic reaction being controlled by cooling. When the reaction subsided, the mixture was heated 
on the water-bath for 3 hours. The almost colourless semi-solid material obtained on cooling was 
treated with a little absolute alcohol and left overnight in the ice-chest. The crystalline salt was filtered 
off and crystallised from absolute alcohol and dry ether. It was soluble in water and alcohol but 
insoluble in acetone, ether, and benzene; it softens at 140° and melts at 170° (decomp.) (Found: C, 
49-6; H, 6-7; N, 5-8; S, 12-5. C,,H;,0,N,S, requires C, 49-8; H, 6-7; N, 5-6; S, 12-6%). 

Benzophenone-4 : 4’-bis(trimethylammonium methosulphate) was similarly prepared but was not 
isolated. 

The methosulphates were converted into the dipicrates, from which the dichlorides, dibromides, di-iodides 
(also obtained by refluxing, for 2—3 hours, Michler’s base or ketone with an excess of methy] iodide in 
methyl alcohol and then distilling off the solvent and excess of methyl iodide), and diperchlovates were 
obtained in the usual manner (cf. Zaki and Tadros, loc. cit.). 

Benzhydrol-4 : 4’-bis(trimethylammonium picrate) was obtained from the di-iodide. The dichloride 
and other salts were then obtained from the dipicrate. 

The properties and analyses of the quaternary salts are given in Table I. 

Dipicrates of the Condensation Products of Benzophenone-4: 4’-bis(trimethylammonium Chloride) 
with Hydroxylamine, Semicarbazide, and Phenylhydrazine.—A mixture of the dichloride (2 g.), hydroxyl- 
amine hydrochloride (0-5 g. in the least amount of water), anhydrous sodium carbonate (0-5 g.), and 
absolute alcohol (10 c.c.) was refluxed for 3 hours and then was filtered, and the alcohol distilled off. 
The oxime dipicrate, prepared from the aqueous solution of the residue, separated in yellow crystals 
7 p. ~. (decomp.) (Found: C, 48-2; H, 3-9; N, 16-3. Cs,H;,0,,;N, requires C, 48-3; H, 4-0; 
N, 16-4%). 

The dipicrates of the semicarbazone and the phenylhydrazone, similarly prepared (dichloride, 1 g.; 
semicarbazide or phenylhydrazine hydrochloride, 0-5 g.; fused sodium acetate, 0-5 g.; absolute alcohol, 
10 c.c.), separated from water in orange crystals. The former sintered at 164° and melted at 194° 
(Found: C, 47-6; H, 4-1; N, 18-3. C3,H;,0,,;N,, requires C, 47-4; H, 4:1; N, 189%). The latter 
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gh 188—190° (Found: C, 52:8; H, 4:2; N, 16-1. C3,H3,0,,Ny requires C, 52-6; H, 43; 
, , ‘Oj* 


TaB_e I. 
Crystn. Found, %. 
Salt. M. p. solvent. Cc. ~~ os 
Benzophenone-4 : 4’-bis(trimethylammonium). 
Dipicrate 206—208° Dil. EtOH ° S ‘6 C3,H,0,,N, 
Dichloride 179—180* EtOH-Et,O . . . C1eH,,ON,Cly 


Required, %. 
Formula. c. H. % 


Dibromide 167 * - . “9 6-1 C,,H,,ON,Br, 
Di-iodide ft 150—152 * a . . ‘8 C,,H,,ON,I, 
45> 
Diperchlorate ... 281 * Dil. EtOH | ‘4 C, ,H,,0,N,Cl, 
Benzhydrol-4 : 4'-bis(trimethylammonium). 


Dipicrate 191 Dil. EtOH 6 4 ‘8 C,,H,,0,,N, 
Dichloride 182—183* EtOH-Et,O 61-1 8: ‘1 CysH,ON,Cl, 


Dibromide 193—194 * ™ 49-1 5 ‘2 CysH,,ON,Br, 


Di-iodide 194 * ~ , ° ‘8 C,,H,,ON,I, 
45-1 
Diperchlorate ... 250—251* Dil. EtOH . . ‘4 Cy 9H,,0,N,Cl, 


Diphenylmethane-4 : 4’-bis(trimethylammonium). 
Dipicrate 174—176 Dil. EtOH ° : 5-0 C3,H3,0,,N, 
Dichloride 170 * EtOH-Et,O0 , ‘ ‘0 Cy H.,N,Cl, 


Dibromide 2 6 ‘1 CysH,,N,Br, 
3 
Di-iodide 42-1 5 ‘1 CysHasNl, 
I, 46- 
Diperchlorate ... 278—280* Dil. EtOH 9 5 ‘6 CysH,0,N,Cl, 47: 


* M. p. with decomp. 

+ Nathansohn and Miller (Ber., 1889, 22, 8175) prepared this iodide by addition of methyl iodide 
to Michler’s ketone and gave m. p. 105° (presumably a misprint). 

All the salts are freely soluble in water and alcohol, but completely insoluble in ether, benzene, or 
acetone. The quaternary ammonium dichlorides, dibromides and di-iodides are hygroscopic and 
retain solvent of crystallisation (particularly alcohol) which could only be removed after heating for 
a considerable time in vacuum over phosphoric oxide or calcium chloride. 


Oxidation of Diphenylmethane- and Benzylhydrol-4: 4’-bis(trimethylammonium Chlorides).—(a) 
Oxidation with potassium permanganate in acid. A 1% solution of potassium permanganate was added 
drop by drop to a stirred solution of the diphenylmethane- or benzhydrol-4 : 4’-bis(trimethylammonium 
chloride) (1-0 g.) in 75 c.c. of 7-5% aqueous sulphuric acid at 70° until a pink colour persisted for a few 
minutes. The colour disappeared on further heating of the mixture on a water-bath. The manganese 
dioxide was filtered off, aqueous sodium hydroxide was added drop by drop to the filtrate, care being 
taken not to make the solution alkaline, and the solution was filtered again from the manganese dioxide. 
Picric acid solution was added to the filtrate. The precipitated picrate, crystallised from dilute alcohol, 
had m. p. 206—208° alone or when mixed with an authentic specimen of the benzophenone-é4 : 4’-bis- 
(trimethylammonium picrate). 

(b) Oxidation with concentrated nitric acid. A solution of the diphenylmethane or benzhydrol 
dichloride (1-0 g.) in concentrated nitric acid (20 c.c.; d@ 1-42) was heated on the water-bath for 4 
hours. The mixture was then evaporated nearly to dryness on the water-bath, and the residue was 
treated twice with 10 c.c. of concentrated hydrochloric acid and evaporated almost to dryness after 
each treatment. The dipicrate prepared from the residue proved to be benzophenone-é4 : 4’-bis(tri- 
methylammonium picrate). 

Diphenylmethane-4 : 4’-bis(trimethylammonium methosulphate) was similarly oxidised; the 
vigorous reaction was controlled by cooling and refluxing on the sand-bath was undertaken only when 
evolution of the nitrogen oxides subsided. The same product was obtained. 

Oxidation with 50% aqueous nitric acid under the above conditions was unsuccessful. 

Decomposition of Diphenylmethane-, Benzhydrol-, and Benzophenone-4 : 4’-bis(trimethylammonium 
Chloride).—(a) Thermal decomposition. (i) Diphenylmethane-4 : 4’-bis(trimethylammonium chloride) (2 g.) 
was heated in an oil-bath until molten and the temperature was then kept at about 180° for } hour. 
The oily. residue, which solidified on cooling, consisted of Michler’s base and separated from alcohol 
in pale greenish crystals, m. p. 90—91° alone or when mixed with an authentic specimen. 

(ii) Benzhydrol-4 : 4’-bis(trimethylammonium chloride) (2 g.) was similarly treated at 200°. The 
product consisted of the hydrol, m. p. 99° alone or when mixed with an authentic specimen. 
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(iii) The benzophenone dichloride (10 g.) was similarly treated at 200°. The oily residue, which 
solidified on cooling, consisted of some Michler’s ketone together with other products which require 
further investigation. The same was observed when the decomposition was carried out in a current of 
carbon dioxide. 

(b) Decomposition with sodium alkoxide, arylalkoxide, cycloalkoxide, aryloxide, and thioalkoxide. 
(i) When a mixture of diphenylmethane- or benzhydrol-4 : 4’-bis(trimethylammonium chloride) (5 g.) and 
methyl-alcoholic sodium methoxide (2 g. of sodium in 20 c.c. of methyl alcohol) was refluxed for 3 hours 
and then diluted with water and acidified with hydrochloric acid, a clear solution was obtained, which 
was neutralised with sodium hydroxide solution. drop by drop until a precipitate was formed. This 
separated from alcohol in colourless crystals and was proved by its m. p. and mixed m. p. to be Michler’s 
base or hydrol respectively. The same result was obtained on decomposition with alcoholic sodium 
ethoxide or alcoholic sodium phenoxide. 

(ii) When benzophenone-4 : 4’-bis(trimethylammonium chloride) was similarly treated, four 
product were obtained which wereseparatedasfollows. The mixture was treated with concentrated hydro- 
chloric acid and the insoluble fraction filtered off. This fraction (A) (about 50—55%) separated from 
alcohol in colourless crystals, m. p. 144°, and was proved by its m. p. and mixed p.m. and by analysis to 
be 4: 4’-dimethoxybenzophenone. The acid filtrate was then treated with 10% aqueous sodium 
hydroxide drop by drop until a precipitate (B) of 4-dimethylamino-4’-methoxybenzophenone (about 
20—25%) was formed. This separated from dilute alcohol in colourless crystals, m. p. 132° (Pfeiffer 
and Loewe, J. pr. Chem., 1937, 147, 293, give m. p. 133°). The filtrate from fraction B (which was 
still acid) was made definitely alkaline. The resulting precipitate (fraction C) (about 5—10%) separated 
from alcohol in greenish crystals, proved by their m. p. and mixed m. p. to be Michler’s ketone. 
Acidification of the alkaline filtrate with acetic acid (drop by drop) gave a little precipitate (fraction D), 
separating from dilute alcohol in pale greenish crystals, m. p. 198—200°. It proved to be 4-dimethyl- 
ee eee (Pfeiffer and Loewe, loc. cit.; Shah, Deshapande, and Chaubal, /., 1932 
642) (Found: C, 74-6; H, 6-1; N, 5-7. Calc. for C,;H,,0,N: C, 74:7; H, 6-2; N, 5-8%). 

(iii) As shown in Table II, the decomposition of benzophenone-4: 4’-bis(trimethylammonium 
chloride), by the above procedure, with alcoholic sodium ethoxide, m-propoxide, isopropoxide, 
n-butoxide, benzyloxide, cyclohexyloxide, and phenoxide gave Michler’s ketone (fraction C), 4-dimethy]l- 
amino-4’-hydroxybenzophenone (fraction D), and the compounds corresponding to the fractions A and 
B, except that with the phenoxide the compound corresponding to fraction B could not be isolated. 

Decomposition with sodium thiomethoxide and thioethoxide (Klason, Ber., 1887, 20, 3407) gave 
compounds corresponding to fractions A, B, and C. 

4-Hydroxy-4’-tert.-butoxybenzophenone, obtained on the decomposition of the benzophenone dichloride 
with alcoholic sodium /#ert.-butoxide, separated from light petroleum (b. p. 40—60°) in almost colourless 
Tey at 65° and melting at 85° (Found: C, 75-5; H, 6-7. C,,H,,0, requires C, 75-4; 
H, 6-5%). 


Fouvap I UNIVERsSITy, ABBAssIA, CAIRO, EGYPT. (Received, August 10th, 1949.] 





698. Olefin Co-ordination Compounds. Part I. Discussion of 
Proposed Structures. The System Ethylene-T'rimethylborine. 


By J. Catt. 


It is shown conclusively that in the platinous-olefinic complexes the olefin is not joined to 
. two metal atoms and that metal—metal links are not an essential feature of their structure, so 

that some proposed structures may be rejected. 

Ethylene—platinous chloride is diamagnetic and shows no evidence of metal alkyl character. 

An accurate thermal analysis of the system ethylene—trimethylborine shows a lattice 
compound 3C,H,,2BMe,;, but no compound C,H,,BMe,;. In the liquid phase there is no 
association of ethylene with trimethylborine. The various structures which have been proposed 
for (C,H,,PtCl,), are discussed in the light of this result. It is considered that no direct donation 
of electrons from the olefin to the metal can be solely responsible for the co-ordination but that 
there is some additional requisite such as the formation of bonds involving d orbitals. This 
contention is further supported by analogy with the carbonyl] halides. 

The molar heats of fusion of ethylene and trimethylborine have been estimated as 994 and 
808 cals., respectively. 


It is established that olefins can behave as ligands in complex-salt formation although the few 
known stable co-ordination compounds are limited almost entirely to the platinous series. 
Typical examples are K[C,H,,PtCl,],H,O (Zeise, Mag. Pharm., 1830, 35, 105) and (C,H,,PtCl,), 
(Anderson, J., 1934,972). Zeise’s salt is one of the most stable ethylene co-ordination compounds 
yet isolated and the non-ionic complexes of type [NH;,C,H,,PtCl,] are sufficiently stable to show 
geometric isomerism (Chernyaev and Hel’man, Compt. rend. Acad. Sci. U.R.S.S. (N.S.), 1936, 4, 
181; Ann. Secteur Platine Inst. Chim. Gen., U.S.S.R., 1938, 15, 5). Solid olefinic complexes of 
palladous, cuprous, and silver salts have been described, although those of silver are more often 
obtainable only in aqueous solution. Less well-defined complexes with other metallic salts have 
been recorded. The subject is well reviewed by Keller (Chem. Reviews, 1941, 28, 229) and the 
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more recent work has been described by Chatt (Ann. Reports, 1946, 48, 120); detailed evidence 
is there given that these complexes behave as co-ordination compounds in which one olefin 
molecule occupies only one place in the co-ordination sphere of the metal. 

From the unstable character of olefin complexes it follows that most investigations of their 
chemical reactions have been carried out with the platinous complexes, and our scanty infor- 
mation on olefin co-ordination compounds is largely based on this one series of complex salts, the 
properties of which have recently been reviewed by Hel’man [‘‘ Complex Compounds of Platinum 
with Unsaturated Molecules,” Soviet Acad. Sci., 1945 (in Russian)]}. 

Since the advent of the electronic theory of valency these substances have held great 
theoretical interest because they, together perhaps with the corresponding, though as yet 
poorly defined, complexes of the acetylenes, represent the only definite exceptions to the 
lone-pair theory of co-ordination. Anderson (J., 1936, 1047) even suggested that their existence 
formed a crucial test of the theory. Clearly the theory requires some extension or modification 
to accommodate these substances, and the experiments recorded below are a contribution towards 
this end. 

Numerous electronic structures have been proposed to explain the existence of olefin 
co-ordination complexes (Keller, Joc. cit.), but experimental evidence to carry us far beyond 
Pfeiffer’s formulation (I) (‘‘ Organische Molekiilverbindungen,”’ Verlag von Ferdinand Enke, 
Stuttgart, 1927, p. 209) is lacking; even the orientation of the ethylene molecule with respect to 
the metal atom is unknown. 


C,Hy.. fe 1 se oP be G 
(I.) fre pret . Pt. Pt* (II.) 
Cl “Ct . 4 


“C,H ; fs 
es a NcH—ch, cl 


_CH,;—CH, 
a \e 


First it must be established whether only one metal atom is attached to one olefin molecule, 
because Kharasch and Ashford (J. Amer. Chem. Soc., 1936, 58, 1735) proposed a structure (II) 
for ethylene—platinous chloride in which the olefin molecule acts as the bridge between the metal 
atoms, and so far all molecular-weight determinations have been made in order to establish that 
ethylene—platinous chloride and its homologues are dimeric (Anderson, J., 1934, 972; Kharasch 
and Ashford, loc. cit., p. 1737). Ialso have found the dimeric form to be supported by molecular- 
weight determinations for ethylene—platinous chloride in boiling benzene, although a moderate 
amount of decomposition occurred during the experiments. 

Simple non-ionic complexes [(C,H,),,PtCl,] are unknown, and previously described mixed 
non-ionic complexes of the type (C,H,a,PtCl,] (a = NH, pyridine, or quinoline) (Hel’man, Sci. 
Reports Leningrad State Univ., 1936, 2, No. 2,5; Chem. Absir., 1938, 32, 2505) are too insoluble 
for molecular-weight determination. However, Bokii and co-workers (Bull. Acad. sci., U.R.S.S., 
Classe sci. chim., 1942, 413), by X-ray struc*ure analysis, concluded that cis-[C,H,,NH,,PtCl,] 
was dimeric with a Pt-Pt bond length of 1°44. A stable complex of this type soluble in organic 
solvents has now been found in the p-toluidine complex [C,H,Me*NH,,C,H,,PtCl,], which is 
suitable for accurate determination of molecular weight. It is prepared by the action 
p-toluidine on an aqueous solution of Na[C,H,,PtCl,] and therefore probably has a trans- 
configuration (by analogy with Hel’man’s work on the corresponding ammines and pyridine 
complexes). 

The molecular weight, measured ebullioscopically and cryoscopically in benzene, showed 
definitely that this substance is monomeric although the ebullioscopic determination was slightly 
marred by the decomposition of the complex. In boiling acetone the decomposition was negligible 
during the time of the determination, and here too the substance was monomeric. We thus 
reject the structure proposed by Kharasch and Ashford, as well as Bokii’s contention that this 
type of complex necessarily contains Pt-Pt bonds (Bokii et al., Doklady Akad. Nauk. S.S.S.R., 
1943, 88, 323; Compt. rend. Acad. Sci. U.R.S.S., 1943, 38, 307). 

We have thus to consider only the ways in which one ethylene molecule can be linked to one 
metal atom, and on the gtounds of the symmetry of the ethylene molecule there appear to be 
only four possible arrangements : 

(a) “ End-on ” association, CH,:CH, + M—Cl—> CH,-:CH,:--M—Cl; 

(b) ‘‘ End-on ” association in which the second carbon atom associates with the halogen atom : 


H, 
H 


> H,C--M 
I +™M—Cl — I | 
H,C:--Cl 
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(c) “‘ Side-on ”’ association in which the metal atom lies in the plane of, or originally occupied 
by, the x electrons : 


H, me 
+ M—Cl —> ‘.M—Cl 
H, H,C’ 
(d) ‘‘ Side-on ”’ association in which the metal atom lies in the plane of the carbon and 
hydrogen atoms : 


H H 


/ her No 
- + M—Cl —> {cara or ye M—cl 
/ “~ ao aay? 


H H HY H 


If the ethylene is part of a planar complex and if “‘ side-on ”’ association occurs, then on the 
grounds of symmetry the carbon atoms would be expected to lie in the plane or perpendicular 
to it, but neither of these positions is necessarily occupied by the ethylene molecule. 

Electronic structures for ‘‘ (a) ’’ have been proposed by Bennett and Willis (J., 1929, 259) and 
Stiegman (Keller, loc. cit., p. 253). These have the disadvantage of leaving the B-carbon atom 
in a reactive state as a carbonium ion and carbanion, respectively. Structures for “ (b) ” 
proposed by Sidgwick (footnote, Hunter and Yohe, J. Amer. Chem. Soc., 1933, 55, 1251), and 
Drew, Pinkard, Wardlaw, and Cox (J., 1932, 997), would confer on these compounds the proper- 
ties of a mixed 2-chloroethyl metallic alkyl. However, an attempt to obtain 2-benzoylethyl 
chloride by heating ethylene—platinous chloride with excess of benzoyl chloride on a steam-bath 
for two hours led only to slight blackening, and 85% of the complex salt was recovered unchanged 
(to be compared with an 82% recovery from benzene solution after similar treatment). This 
behaviour is very strong evidence against a metal alkyl type of structure, although the conclusion 
must be accepted with reserve because we know nothing of platinous alkyls (however, they are 
probably unstable as they have never been prepared). 

Another serious objection to an alkyl type of structure is the ready replacement of one olefin 
by another, which is a reaction characteristic of co-ordination compounds but not of substituted 
alkyls (Anderson, J., 1936, 1044). 

‘* (c) ” is the most favoured orientation at present and various structures have been proposed. 
Winstein and Lucas (J. Amer. Chem. Soc., 1938, 60, 841) 
suggest a resonance of type (III) for the silver ion complex. 
Pitzer (J. Amer. Chem. Soc., 1945, 67, 1127) has applied his 
idea of a “ protonated double bond” to olefin complexes such 
as the silver ion complexes in which the'silver ions, or any other 

di nN \ “ ~4N atoms with vacant s orbitals, are embedded in the antinodes of 
g (III.) 
the x bond. 

Walsh (J., 1947, 89) suggested that bonding electrons may be donated in a similar manner to 
a lone pair provided that their ionisation potential is sufficiently low and pointed out that the x 
electrons of ethylene lie in an orbital of ionisation potential 10°45 v., almost equal to that (10°8 v.) 
of the ammonia lone pair. He predicted that compounds such as C,H,,BF, should be expected 
(Nature, 1947, 159, 165, 712). Hel’man (Compt. rend. Acad. Sci. U.R.S.S., 1939, 24, 549) 
proposed a unique structure, the idea of which may deserve more credence than it has received 
(Keller, loc. cit., p. 255). She suggests that a four-electron bond is formed by donation of the 
electrons at whose expense platinum shows its quadrivalency, to the olefin, followed by donation 
of the electrons now released from the double bond to the platinum—a structure recalling the 
double-bonded metal-carbon monoxide links suggested for the metal carbonyls (Pauling, 
““ Nature of the Chemical Bond,” Cornell Univ. Press, 1948, p. 250 e¢ seq.; but see Wells, this 
vol., p. 55). Hel’man is not explicit how the binding occurs and suggests some sort of resonance. 

No electronic structure corresponding to the orientation “ (d) ” has been suggested unless 
Hel’man’s is of this type (Joc. cit., p. 550). 

It seems improbable that ethylene—platinous chloride contains unpaired electrons, and this 
view was confirmed by magnetic measurements. By the Gouy method a susceptibility of 
% = —0°31 x 10° per g. has been found for the solid complex. 

The only experimental evidence regarding the orientation of the olefin molecule is provided 
by Anderson (J, 1934, 973), who showed that Zeise’s salt was decomposed in boiling aqueous 
solution to produce acetaldehyde, which he considered evidence for an unsymmetrical linkage. 
Neither ethylene glycol nor 2-chloroethyl alcohol which might be expected from a symmetrical 
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linkage was detected. Kharasch and Ashford (loc. cit., p. 1737) obtained stilbene dibromide by 
bromination of stilbene—platinous chloride with an excess of bromine, but as this complex 
probably dissociated in solution the result is of doubtful significance. 

Against this background of scant information it was decided to try to obtain olefin compounds 
of the lighter elements, which, if solid, might be suitable for X-ray structure analysis or, if readily 
dissociable, for precise thermodynamic measurements. 

Of all elements, the lighter elements of Group III in their tercovalent state form co-ordination 
complexes with the greatest variety of ligands. The complexes with the fluoride and the alkyls 
of boron are usually formed almost instantaneously from their components at suitably low 
temperatures and may dissociate easily at and above room temperature according to the ligand ; 
nevertheless such substances as ethers and tertiary amines which do not usually form stable 
complexes with metallic salts do form complexes with such substances as trimethylborine and 
boron trifluoride. 

Fie. 1. 
Freezing-point curve: ethylene-trimethylborine. 
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They also have the advantage of being amenable to study in the gaseous or the liquid phase. 
Ethylene is known to react destructively with boron trifluoride in sunlight (Landolph, Ber., 
1879, 12, 1586) and with diborane, B,H, (Hurd, J. Amer. Chem. Soc., 1948, 70, 2053) at 100° to 
produce triethylborine. The system ethylene—trimethylborine has therefore been investigated 
by thermal analysis. The freezing-point curve (Fig. 1) shows definitely that there is no one-to-one 
association between these two substances at temperatures down to the freezing point of the 
mixed gases. When the log of the mol. fraction (N) of each substance is plotted against the 
reciprocal of the absolute temperature of freezing, the plots (Fig. 2) are, within 0°1°, straight 
lines from the eutectic points to the melting points of the pure substances. The compound 
3C,H,,2BMe, can only be a lattice compound. If it were not, and any type of chemical 
association eccurred, the log N-1/T plots.would deviate markedly from linearity. Also the 
freezing-point curve at the point 3C,H,,2BMe, is horizontal, and no discontinuity occurs (Kendal, 
Davidson, and Adler, ibid., 1921, 48, 1485). 

I am indebted to Mrs. Moore of these laboratories for a statistical examination of the log N 
and 1/T values; she reported that the curvature is just significant and the best straight lines are : 
(a) for the solution of ethylene in trimethylborine, log Ng = 1°560 — 176°5/T; and (6) for the 
solution of trimethylborine in ethylene, log Ng = 2°09 — 217/T; where Ny is the mol. fraction 
of trimethylborine, and Ny, is that of ethylene. 

The constants in these equations give values of 808 cals. for the molar heat of fusion of tri- 
methylborine and 994 cals. for that of ethylene. Except for evidence based on the constancy 
of the melting point of ethylene, which serves as an indication that the latent heat of fusion of 
ethylene is larger than for liquids used in low-temperature work (Malisoff and Egloff, 7. Physical 
Chem., 1919, 28, 69), neither of these appears to have been measured directly or estimated 
previously, but because these substances obey the ideal-solution law so closely these values are 
probably very near to the true values. 
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The significance of this result lies in the demonstration that no association—not even weak 
interaction—occurs between the zx electrons of ethylene and the vacant orbital in trimethylborine, 
Also if co-ordination occurred by any donation of electrons in “‘ end-on ”’ association [“ (a) ”’}, 
then there is every reason to suppose that it would have occurred in this system because the 
ionisation potential (10°45 v.) of the x electrons is sufficiently low and steric hindrance would be 
negligible. Its complete absence is positive evidence that such association cannot lead to stable 
complex formation. 

The possibility of the ‘ (b) ” type of association does not arise, but “‘ (c) ’”’ merits a close 
examination in the light of the above result. It may be considered that if ‘‘ side-on ”’ association 
occurred the boron atom would become quinquecovalent; this is notso; only two electrons would 
be involved in the ethylene—boron link, the octet rule would be obeyed, and the covalency 
maximum for boron would not be exceeded. 

It may also be considered that the ethylene is hindered sterically from approaching sufficiently 
close in “‘ side-on ” association to the boron atom; this, however, does not seem probable. If 
we allow a radius of 1°08 a. for the methyl group and 0°88 a. for the tetrahedrally co-ordinated 
boron atom, the radius ratio 0°815 is sufficiently great to allow even 9-fold co-ordination and is 
almost twice the minimum ratio 0°414 for octahedral co-ordination. Further, if we maintain 
without strain a tetrahedral distribution of three of the valencies from the boron atom and bring 
in a flat ethylene molecule in the best possible orientation so that the carbon atoms are at a 
distance of 0°88 a. from the boron atom, then the van der Waals radii of only one of the hydrogen 
atoms attached to a methyl group and two attached to the ethylene molecule just overlap. If 
combination occurred we would expect the carbon atoms of the ethylene molecule to approach 
as near as possible to a tetrahedral configuration, which would cause the hydrogen atoms to move 
out of the plane of the original ethylene molecule away from the trimethylborine molecule. Thus 
there is no doubt about the ability of the trimethylborine molecule to accommodate an ethylene 
molecule within combining distance of the boron atom. This contention is further supported by 
the fact that such highly hindered molecules as tri-«-naphthylborine and tri-tert.-butylborine form 
complexes with simple aliphatic amines (Brown and Sujishi, J. Amer. Chem. Soc., 1948, 70, 2793; 
Brown, ibid., 1945, 67,1454). 

It seems highly probable, therefore, that donation of electrons in any manner from the ethylene 
molecule to the metal cannot, of itself, be responsible for the co-ordination of ethylene. There is 
some other mechanism or additional condition, which can be satisfied by platinous chloride and 
not by trimethylborine. 

The structures proposed by Winstein and Lucas, and by Walsh, are essentially electron-pair 
bonds and in the light of the above result appear highly improbable. Pitzer’s does not enter into 
the argument as neither the platinum nor the boron atoms have vacant unhybridised s orbitals 
in their valency shells; it may apply to the silver ion complexes. 

The fact that platinum can form ethylene compounds, whereas boron cannot, indicates that 
there is probably some truth in Hel’man’s suggestion that filled d orbitals take part in valency 
formation. It is significant that with the possible exception of aluminium all those metals which 
are known to form complex salts with ethylene are towards the end of the transition series of 
elements, thus having filled d orbitals at almost the same energy level as the orbitals of the 
valency shell. Regarding aluminium, Gangloff and Henderson (J. Amer. Chem. Soe., 1916, 38, 
1382; 1917, 39, 1420) produced a number of crystalline substances, e.g., AlC1],,3C,H,,H,O and 
AICI,,C,H,,2C,H,-OH. These were difficult to prepare and analyse, they dissociated and 
decomposed readily, and there is no evidence that they were in fact co-ordination compounds. 

Hel’man is not very explicit regarding her structure beyond saying: ‘In all we have a 
four-electron covalent bond.” She considers, however, that only the two electrons involved in 
raising the valency of the platinum from two to four can be used, so that the addition of one 
molecule of the olefin to one platinum atom is the absolute theoretical limit. She also considers 
the platinum in these compounds to be platinic and shows that the oxidation-reduction potential 
of K[Pt,C,H,,Cl,] is 650 mv., compared with 520 for NH,[Pt,NH;,Cl,] and 660 for 
NH, [Pt,NH;,,Cl,] (Hel’man and Ryabchikov, Compt. rend. Acad. Sci. U.R.S.S., 1941, 38, 462). 

She points out the analogy between ethylene and carbon monoxide in its complexes and 
explains the greater stability of carbonyl—platinum halides by correlating it with the fact that the 
carbon atom is already an acceptor of electrons from the oxygen atom C=O and thus may become 
a more ready acceptor from the platinum atom than is ethylene. 

The correspondence between the properties of ethylene—platinous chloride and the carbonyls 
has been emphasised a number of times (Anderson, J., 1934, 972; Hel’man, Compt. rend. Acad. 
Sci. U.R.S.S., 1939, 24, 549), and the present work has further emphasised the resemblance. 
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Carbon monoxide can co-ordinate by donation of electrons according to classical theory and must 
do so in its combination with boron so as not to exceed the covalency maximum for boron. 
CO,BMe, is unknown, but CO,BH, is an unstable gas dissociating rapidly at room temperature 
(Bury and Schlesinger, J. Amer. Chem. Soc., 1937, 59, 780) and the B-C bond length corresponds 
to a single bond (Bauer, Chem. Reviews, 1942, 31, 57). On the other hand, platinous carbonyl 
halides are formed at 240—250°, and CO,PtCl, is stable to >300°. This difference in stability 
contrasts strongly with the well-known high stability of the ammines in both the boron and the 
platinum series of complexes, where again only a two-electron bond can be involved so as not 
to exceed the covalency maximum for nitrogen. "We must thus conclude that, as in the case of 
ethylene, there is some essential and very great difference between complex formation between 
carbon monoxide and platinous chloride on the one hand and carbon monoxide and boron 
compounds on the other. 

It is becoming evident that the simple co-ordinate link of classical electronic-valency theory 
is not adequate to explain these differences in stability and many others equally striking, so that a 
large measure of support is accumulating for the idea that, except when precluded by the rule 
of covalency maximum, the co-ordinate link has considerable double-bond character probably 
arising from interaction with d orbitals of the central atom (Phillips, Hunter, and Sutton, /., 
1945, 146; Pauling, ‘‘ Contribution a l’Etude de la Structure Moléculaire,” Desoer, Liége, 1948, 

» Ap. 

. It must be admitted that Hel’man’s structure is difficult to visualise in terms of modern 
theory, as x bonding from the two carbon atoms of an olefin to d orbitals of the metal appears 
impossible except by a structure closely related to that suggested by Walsh for cyclopropane and 
ethylene oxide (loc. cit.; Trans. Faraday Soc., 1949, 45, 179), and serious objections have been 
brought against this structure (Coulson, Phil. Mag., 1949, 40, 29), whereas x bonding to a single 
atom as in the carbonyls is feasible (Hieber, Die Chemie, 1942, 55, 25). 

Alternatively, one carbon atom may be linked by a strong Pt(dsp*)—C(sp*) bond and the second 
by a weaker Pt(d)-C(sp*) bond. In this connection it is interesting that the bond lengths 


Pt-C = 2°08 and C-C = 1°54 would lead to an angle of 43° at the platinum atom in a PKC 


triangle; this is very close to the angle 45° one would expect between a dsp* hybridised orbital 
and a d@ orbital. This structure also satisfies Anderson’s contention that the ethylene is 
unsymmetrically bound. 

Neither of these speculative suggestions, however, imposes an absolute theoretical limit of 
one olefin molecule to one platinum atom, and also, although the platinum atom is using four 
of its valency electrons in bond formation, these are not in d*sp* octahedral orbitals. Thus it 
would be wrong to label the platinum “ platinic ’’ as suggested by Hel’man, for the olefin is still 
essentially bound by dsp? square orbitals as demonstrated by the geometric isomerism exhibited 
by [C,H,,NH3;,PtCl,]. The greatly increased resistance to oxidation of the platinum atom in 
olefin—platinous complexes as compared with the ammines is perhaps a manifestation of inter- 
ference with the d orbitals, although not of actuai conversion into the platinic state. 

In the light of present knowledge it appears probable that electrons from 5d orbitals in the 
platinum atom take part in complex formation with olefins, and these complexes may turn out 
to be the apparent exceptions to the lone-pair theory which will prove the rule with respect to 
co-ordination to the transition-metal ions. Work is continuing to find the magnitude of the 
electron drift to the metal atom in olefin and carbonyl complex formation and to determine the 
orientation of the olefin with respect to the plane of the platinous complex. 


EXPERIMENTAL, 
* indicates microanalyses by Drs. Weiler and Strauss, Oxford, ¢ those by Dr. Weiser, Basle. 


Ethylene-platinous chloride, (C,H,,PtCl,),, prepared by the method of Anderson (J., 1934, 973) and 
recrystallised from toluene, was u as raw material, decomp. 190—200° (Found: Pt,* 66-7%; M, 
(ebullioscopically in 1-588% benzene solution) 520, (in 2-390% solution) 573. Calc. for C,H,Cl,Pt,: 
Pt, 66-4%; M, 588]. Anderson records 125—130°, Kharasch and Ashford (loc. cit., p. 1738) 170—180°. 
The lower values may be due to the use of older and therefore probably less pure platinum (Chatt and 
Hart, Chem. and Ind., 1949, 146). Some decomposition occurred during the molecular-weight determin- 
ations, as indicated by darkening of the solution and a brown deposit, but unchanged material separated 
as orange crystals as the benzene solution cooled. 

p-T oluidine-ethylene—dichloroplatinum.—Ethylene-platinous chloride (7-0 g.) was dissolved at room 
temperature in 45 c.c. of water containing 1-4 g. of sodium chloride. A slight insoluble suspension was 
filtered off, and to the clear filtrate, cooled in ice-water, an ice-cold solution of resublimed -toluidine 
(2-6 g.) in 50 c.c. of water avd a minimum quantity of hydrochloric acid was added, slowly with shaking. 
A yellow precipitate formed immediately but the supernatant liquid was yellow. The cold suspension 
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was neutralised by cautious addition of 3% sodium hydroxide solution, and the supernatant liquid 
became colourless. The bright yellow precipitate was recrystallised from carbon tetrachloride, an 
operation which must be carried out quickly as a complex decomposition occurs in the boiling solvent. 

The product was obtained in beautiful lemon-yellow crystals, decomp. 125° to 135° (with effervescence) 
depending on the rate of heating [Found : C*, 27-0; H*, 3-35; Ptf, 48-4; Clt, 18-1%; M (ebullioscopic- 
ally in 2:387% benzene solution) 466, (in 4-441% solution) 489, (some decomposition occurred), (in 
3-095% acetone solution) 394, (in 4-094% solution) 406, (in 2-012% solution) 401, (in 2-720% solution) 
400, (cryoscopically in 0-4783 % benzene solution) 357, (in 0-8635% solution) 377, (in 0-8428% solution) 409. 
C,H,,NCI,Pt requires C, 26-9; H, 3-3; Pt, 48-6; Cl, 17-7%; M, 401]. This substance is probably the 
most readily soluble in organic solvents of all known ethylene complexes. It is very soluble in methanol, 
acetone, ether, benzene, and chloroform, moderately soluble in carbon tetrachloride, slightly soluble in 
cyclohexane, insoluble in light petroleum (b. p. 60—80°) and in water. 


Fic. 2. Fic. 3. 
Log N-1/T plots for trimethylborine and ethylene as solvents. Freezing-point cell. 
~ 10* x 1/7. ; . 
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Aitempi to cause Ethylene-platinous Chloride to react with Benzoyl Chloride.—Ethylene-platinous 
chloride (1 g.) was dissolved in warm benzoyl chloride (26 c.c.) and kept on a steam-bath for 2 hours. 
Some blackening took place, but 0-75 g. of unchanged ethylene complex, decomp. 170—180°, separated 
on cooling. A further 0-1 g. was obtained by evaporation of the mother-liquor at 15 mm., giving 85% 
total recovery. A solution of the same strength in dry benzene similarly treated showed more evidence 
of decomposition and gave an 82% recovery of material, decomp. 185—195°. 


Freezing-point Measurements, Ethylene-Trimethylborine. 


Apparatus.—This was essentially that described by Germann and Booth (J. Physical Chem., 1926, 30, 
371) except that the manometer was of the conventional type (Farkas and Melville, “‘ Experimental 
Methods in Gas Reactions,’”” Macmillan, 1939, p. 72, Fig. 40) with limbs of 11-mm. bore and the freezing- 
point cell was modified slightly. The pressures were measured with a cathetometer, to an accuracy of 
at least 1: 500 and generally better. The freezing-point cell Fig. 3 contained a spiral glass stirrer S 
automatically operated by two electro-magnets M. A solenoid sufficiently powerful to work the stirrer 
generated too much heat and caused leaks into the apparatus by melting the grease in the topcone. The 
outer vacuum jacket J was connected directly to the pumping system, independently of the main part 
oftheapparatus. Thecopper—constantan thermocouple T was in direct contact with the liquid and was 
calibrated accurately by comparison with oxygen and methane vapour-pressure thermometers in baths 
of liquid nitrogen, oxygen, and methane. The calibration was repeatable to within the accuracy of the 
potentiometer (0-05°), a Tinsley three-dial precision potentiometer reading in steps of one pv. 
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The volumes of gases used to prepare the mixtures were measured in two bulbs of accurately-known 
volumes (1083 and 1074 c.c. at 0°), and surrounded byice. These bulbs were not reserved one for ethylene 
and the other for trimethylborine, but were generally filled together to the same pressure and their con- 
tents admitted to the freezing-point cell separately. 

Experimental Procedure.—Preliminary experiments with the pure gases showed that immersion of the 
thermocouple junction to a depth of 1 cm. sufficed to give accurate values of the freezing point provided 
that efficient stirring was maintained, although the reading drifted rapidly when the stirring was stopped, 
and in the following experiments an immersion of at least 1-5cm. was used. The whole apparatus was 
sufficiently stable to repeat, during 3 months, the melting point of a pure substance within +0-05° of the 
mean value, and the probable absolute accuracy is +0-1°. 

The freezing was observed between crossed polaroids, and liquid nitrogen used as refrigerant. The 
rate of heating and cooling was conveniently regulated by adjusting the air pressurein J. Only very slight 
pressure was necessary to maintain an almost steady temperature, and a rate of rise in temperature of 
0-1° in 15 minutes was easily obtained. 

To plot the freezing-point curve a known quantity of one gas was condensed in the freezing-point cell, 
followed by a measured quantity of the second gas to cover the thermocouple junction by about 1-5 cm. 
and produce a mixture of the appropriate approximate composition. After measurement of the freezing 

int of this mixture a further quantity of one of the gases was added and the determination repeated. 
This was repeated usually twice or three times more, and then a new primary mixture made up to obtain 
further points. 

The m. p. was determined by cooling the mixture, with good stirring throughout, until solid appeared 
in the supercooled liquid, and then opening the jacket J to the pumps for a short time, the duration of 
which was easily guessed with practice. A slow rise in temperature, about 0-05° in 5 minutes, was thus 
obtained and the temperature at which the fine suspended solid disappeared leaving a few flakes of larger 
crystals was taken as the m.p. This was found to be the best procedure by observations with the pure 
substances, and with the mixture was repeatable within +0-05° and was certainly within 0-1° of the 
true m. p., so that an absolute accuracy of +0-15° was probably attained. The freezing-point curve 
Fig. 1 indicates a much higher relative accuracy. The usual trouble of solid collecting on the walls of the 
cell above the level of the liquid was experienced with this apparatus, particularly in the region Ng = 
0-50—0-65, but could usually be eliminated by adjusting the level of liquid-nitrogen refrigerant. 

Ethylene.—Cylinder ethylene (about 25 1.) was purified by distillation between bulbs through a U 
trap cooled in solid acetone (—95°) and retention only of middle fractions. In this way material of m. p. 
—169-3° was obtained. Finally the ethylene was distilled from a bulb cooled in liquid methane, through 
a trap cooled in liquid methane (—161°), into a bulb cooled in liquid nitrogen. A small middle fraction 
was collected. The gas (13 1.) thus obtained had m. p. —169-2° and was used. Recorded values in the 
literature vary widely, but generally lie between —169-0° and —169-5°. The accepted value is —169-15° 
[‘ Selected Values of Properties of Hydrocarbons,” Internat.’"Bureau Standards, Circular C461, p. 46, 


(1947)}. 
Temp. (T) 

C,H,, c.c. BMes, c.c. Nz X 10%. Cs). log Ng X 102. 1/T x 104. 
1889 0 0 103-95° 96-2 
1889 110-0 5-52 102-55 . 97-5 
1617 106-4 6-17 102-2 . 97-85 
1617 211-9 11-59 101-0 : 99-0 
1196 272-7 18-57 99-4 . 100-6 
1196 363-2 23-29 98-25 . 101-8 
1196 436-3 26-72 97-45 : 102-6 
1323 508-7 27-78 97-35 . 102-7 
1296 545-5 29-62 97-7 102-35 
1196 508-7 29-84 97-6 102-5 
1296 652-6 33-49 97-9 102-15 
1296 758-7 36-93 98-0 102-0 

822-2 545-5 39-88 98-05 102-0 
611-5 406-6 39-93 98-1 101-9 
611-5 500-1 44-99 98-05 102-0 
611-5 592-9 49-21 97-7 102-35 


605-6 664-4 52-32 97-45 102-7 
718-5 873-1 54-85 97-1 103-0 


611-5 747-5 55-00 97-1 , 103-0 

605-6 816-1 57-40 97-95 . 102-1 
605-6 966-6 61-48 99-65 ‘ 100-35 
529-8 873-1 62-23 100-05 5 99-95 
339-5 873-1 72-00 103-6 , 96-52 
216-3 873-1 80-14 106-4 : 93-99 
92+1 873-1 90-46 110-05 , 90-87 
46-25 873-1 94-97 111-6 . 89-61 
0 873-1 100-00 113-3 88-26 

Eutectic, 27-1% BMe, at —175-8°; eutectic, 54-9% BMe, at —176-05°; maximum, 40-0% BMe, 
at —175-05°. 


Trimethylborine.—This was prepared by the action of methylmagnesium bromide on boron fluoride 
in n-butyl ether and purified through its triethylamine complex (Brown, J. Amer. Chem. Soc., 1945, 67, 
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375). It was then fractionated with a modified Podbielniak still with a 90-cm. fractionating column and 
liquid ammonia in the still-head. It distilled at about 55 cm. of Hg pressure, and small first and last 
fractions were rejected. After 2 fractionations the mixed first runnings and tailings had the same m. p. 
as a narrow middle fraction. The m. p. was now —159-9°. Stock and Zeidler (Ber., 1921, 54, B, 531) 
record —161-5°, and Bamford, Levi, and Newitt (J., 1946, 469) —153°. In view of the discrepancy 
which might have been due to the separation of an azeotropic mixture, the material was redistilled at 
4-7 cm. of Hg pressure with solid carbon dioxide~acetone in the still-head, but no separation could be 
effected. Only two 1. of trimethylborine, repeatedly separated from ethylene, were used in these 
experiments, and the m. p. after each separation lay in the range —159-8° to 159-9°, which is within 
experimental error over so long a period. Bamford e¢ al. give no details of the purification used, but were 
not altogether satisfied with the behaviour of their product and attributed discrepancies to dissolved 
gas. However, there can be no doubt about the purity of our repeatedly distilled sample, and the true 
m. p. of trimethylborine is —159-85° +0-1°. 

Results.—Results are listed in the attached Table. The mol. fraction of trimethylborine (Nx) is 
calculated on the assumption that both gases have the same molar volume. Volumes are corrected to 
N.T.P. The measured pressures were generally of the order of only a few cm. of Hg, except in the making 
up of primary mixtures. Ng = 1— Ng = mol. fraction of ethylene. Log Ng and log Nx are listed from 
the eutectic points to Ng = 1 and Ng = 1 respectively. 


The author expresses his warmest thanks to Professor H. V. A. Briscoe for the opportunity to start 
this work in his laboratories, to The University of London for an I.C.I. Fellowship under the auspices of 
which the work was begun, and also to his two assistants, Messrs. A. A. Williams and F. A. Hart, for 
experimental assistance. 
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699. The Constitution of Chlorophorin, a Constituent of Iroko, 
the Timber of Chlorophora excelsa. Part I. 


By F. E. Kine and M. F. Grunpon. 


Ether-extraction of the timber of Chlorophora excelsa has given an amorphous compound, 
chlorophorin, C,,H,,0,, containing four phenolic hydroxyl groups and three exocyclic double 
bonds, which readily undergoes catalytic reduction to tetrahydrochlorophorin. The action of 
hydrogen peroxide on tetrahydrochlorophorin destroys the phenolic nuclei, leaving 3 : 7-di- 
methylnon-2-enoic acid, Me,CH-[CH,],-CMe:CH-CH,°CO,H. The nature of the aromatic 
constituent is shown by permanganate oxidation of O-tetramethylchlorophorin, 2: 4-di- 
methoxybenzoic acid, and 4-carboxy-2 : 6-dimethoxyphenylacetic acid being isolated. Chloro- 

horin is therefore a 3:5: 2’: 4’-tetrahydroxystilbene with a diolefinic side-chain, 
-CH,°CH:CMe’CH,°C;H, at position 4. 


Tue tree Chlorophora excelsa is the source of one of the principal commercial hardwoods of 
tropical Africa. The timber, generally know as iroko, is of good appearance, and on account of 
its valuable technical properties is used for a wide variety of purposes including the construction 
of laboratory benches. Iroko is resistant to fungus and insect attack, but its reputation for 
durability has not hitherto occasioned any chemical investigations of the timber, and there are few 
references to it in the scientific literature. Davidson (Lancet, 1941, 240, 38) has commented on the 
marked irritant effects of the wood dust, but the observation clearly relates to an exceptional 
specimen, and there is no record of an attempted isolation of the irritant substance. Marmasse 
(‘‘ Contribution 4 l’étude analytique de quelques bois coloniaux,” Paris, 1938) obtained a 
resinous material (4°46%) by extraction with acetone, but has recorded no further examination 
of the extract. 

In the present investigation it was found that simple digestion of the powdered wood with 
boiling ether readily extracted a light-brown solid in amounts, varying with different samples, 
of 2—8%, which separated from toluene as a flocculent powder, m. p. 157—159°. The isolation 
and preliminary experiments concerning the structure of this compound, to which we have given 
the name chlorophorin, have already been reported (Grundon and King, Nature, 1949, 163, 564). 
It has the properties of a phenol, being soluble in sodium hydroxide solution and insoluble in sodium 
hydrogen carbonate, but neither by precipitation from alkali nor by use of organic solvents has it 
been possible to obtain a crystalline specimen. The phenolic nature of the extract was confirmed 
by the preparation, in high yield, of a crystalline tetra-acetate, and of crystalline tetramethyl and 
tetraethyl ethers by the alkyl iodide—potassium carbonate—acetone method, and analyses of these 
derivatives indicated for chlorophorin a molecular formula of C,H,,O, or C,;H3,O,. Since 
chlorophorin is stable to boiling alcoholic potassium hydroxide, the repeatedly recrystallised 
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tetra-acetate was submitted to mild alkaline hydrolysis in the hope of obtaining the phenol in a 
crystalline condition, but without success. 

The existence in chlorophorin of two easily hydrogenated double bonds was demonstrated 
by the ready absorption of two molecules of hydrogen in presence of Raney nickel or palladised 
charcoal at room temperature. The resulting tetrahydrochlorophorin was also amorphous, but 
gave a crystalline tetra-acetate and tetramethyl ether, the latter being independently prepared by 
catalytic reduction of O-tetramethylchlorophorin. Further reduction did not readily occur, but 
the existence of a third and less reactive double bond was later detected by ozonolysis. The 
ultra-violet absorption of O-tetramethyltetrahydrochlorophorin was similar to that of resorcinol 
derivatives, and from a zinc dust distillation of chlorophorin a sublimate of resorcinol was 
obtained. 

Ozonolysis of O-tetramethylchlorophorin gave a syrupy product, partly resinifying when 
heated at low pressure but yielding a crystalline distillate. This was recognised from its melting 
point and analysis as 2 : 4-dimethoxybenzaldehyde, the identification being confirmed by the 
preparation of its oxime and 2: 4-dinitrophenylhydrazone. The action of ozone on O-tetra- 
methyltetrahydrochlorophorin led to two carbonylic products of which the lower-boiling was 
shown by the iodoform reaction and by analysis of its semicarbazone to be a methylheptanone. 
Its exact constitution was established when this semicarbazone was found to be identical with that 
of 6-methyl-2-heptanone, Me*CO[(CH,],;°CHMe,, prepared by catalytic reduction of the methyl- 
hept&none derived from citral. Analyses of the oxime and 2 : 4-dinitrophenylhydrazone of the 
less volatile product of the ozonolysis corresponded to a molecular formula of C,,)H,,O; or 
C,,H,,O;. 

: From. the oxidation of tetrahydrochlorophorin with hydrogen peroxide in alkaline solution 
an unsaturated aliphatic acid, C,,H,.O,, was isolated by steam-distillation. Ozonolysis of this 
acid gave 6-methyl-2-heptanone, thus limiting its constitution to the alternatives (I) and (II) : 


(I.) HO,C-CMe:CMe-CH,-CH,CH,‘CHMe, HO,C-CH,‘CH:CMe-CH,CH,CH,‘CHMe, (II) 


Of these two structures that in which the carbonyl and theethylene bond occupy adjacent positions, 
i.e., (I), was excluded in favour of (II) by a determination of the ultra-violet absorption of the 
acid which gave no evidence of conjugation. 

Indications as to the nature of the aromatic constituent of chlorophorin were obtained from 
an oxidation of the tetramethyl ether with potassium permanganate in acetone. Trituration of 
the product with chloroform resolved it into two fractions, one readily soluble and consisting 
of 2: 4-dimethoxybenzoic acid. The other component (III), m. p. 286—287°, had the com- 
position C,,H,,O0, and, from its formation of an ester C,;,H,,O, on reaction with diazomethane, 
was evidently a dicarboxylic acid. In view of its derivation from the tetramethyl compound it 
could be assumed that the remaining two oxygen atoms-of (III) were present in methoxyl 
groups and it therefore followed that this oxidation product was either a dimethoxymethyl- 
benzenedicarboxylic or a carboxydimethoxyphenylacetic acid. 

The relative position of the two methoxyl groups was determined by the fluorescein reaction 
which, though unsuccessful for the acid, gave a positive result with the dimethyl ester, thus 
establishing the compound as a resorcinol derivative. In an attempt to ascertain the orientation 
of the two carboxyl groups, the acid was heated with acetic anhydride, but the product failed to 
crystallise. It was evident, however, that it did not consist of an intramolecular ortho- 
dicarboxylic anhydride since, when it was subjected to distillation at low pressure, decomposition 
occurred and only a trifling amount of sublimate was obtained which on heating. with water 
gave a monocarboxylic acid subsequently identified as (IV) (see below). 


OMe OMe OMe 
( \Me ( cH, CO,H 4 cH, CO,H 
Ho,cl JoMe HO,Cl JoMe N joMe 
(Iv.) (III.) (V.) 
OH _OH 
HOG _-CH,CH,-€__-CHyCH:CMe-[CH,],CHMe, (VI.) 
OH 
OMe _OMe _OH _OH 
Meo? _S-cHy cH, S-cHyCHO Hof S HicH-C_-CHyCH:CMeCH, C,H, 
a “OMe os “OH 
(VIT.) 
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The decarboxylation of (III) was more fully investigated by heating it in quinoline with a 
copper catalyst whereby two monocarboxylic acids, C,;,H,,O,, were obtained and were separated 
as a result of their different solubilities in water. Owing to the relative stability of phenylacetic 
acids the formation of two isomeric mono-acids under these conditions was at first believed to 
favour a methylbenzenedicarboxylic structure for the oxidation product (III) (see Grundon and 
King, Joc. cit.). This view had later to be modified when Kuhn—R6th estimations indicated the 
absence of C-methyl groups in the dimethy] ester of (III) but gave values approximating to one 
C-Me for the ester of the less-soluble derived monocarboxylic acid, which was then recognised 
as 3: 5-dimethoxy-4-methylbenzoic acid (IV) by direct comparison with a specimen synthesised 
by the method of Charlesworth and Robinson (J., 1934, 1531), and by the identity of the methyl 
esters of the synthetic and degradation products. It follows that the dicarboxylic acid (III) 
is 4-carboxy-2 : 6-dimethoxyphenylacetic acid, and hence its other decarboxylation product is 
2 : 6-dimethoxyphenylacetic acid. As the more soluble isomer, this has proved difficult to 
purify, and the specimen of m. p. 119—120° to which reference has already been made (Grundon 
and King, Joc. cit.) may not be homogeneous. We expect shortly to record the synthesis of the 
acid (V) which is the sole remaining dimethoxyphenylacetic acid to be described. 

With the elucidation of the structure of (III) it became apparent that the substituent 
—CH,°CO,H resulted from the oxidation of the unsaturated aliphatic residue at the position 
corresponding to the By-double bond of the oxidation product (II). The alternative hypothesis, 
viz., that it arose from the substituent carrying the second resorcinol nucleus, was excluded by 
the ultra-violet absorption of chlorophorin, which revealed a high degree of conjugation typical 
of a stilbene structure. This characteristic absorption vanished on reduction to the tetrahydro- 
derivative. The isolation from the permanganate oxidation of tetrahydrochlorophorin of 
succinic acid, which has not been detected as an oxidation product of the parent phenol, is a 
further indication of the nature of the linkage uniting the two aromatic nuclei. Itis interesting to 
recall that pinosylvin, isolated from the heartwood of Pinus sylvestris, is 3 : 5-dihydroxystilbene 
(Erdtmann, Annalen, 1939, 539, 116). 

It was now clear that the molecular formula of chlorophorin was C,,H,,O,, the alternative 
C,;H390, (/oc. cit.) having been considered only while it appeared that the dicarboxylic acid 
contained a nuclear methyl group. On the basis of the foregoing evidence the tetrahydro- 
derivative, C,,H;,0,, has the structure (VI), and the formerly unidentified ozonolysis product 
of its tetramethyl ether is therefore the aldehyde (VII). The constitution of chlorophorin can 
thus be represented by the expression (VIII), but the position of the remaining double bond in 
the residue C;H, cannot yet be assigned with certainty. The oxidation of O-tetramethyl- 
chlorophorin with permanganate in dioxan has given acetone, isolated in the form of its 2 : 4-di- 
nitrophenylhydrazone, but neither acetone nor formaldehyde has been detected among the 
ozonolysis products of the phenol tetramethyl ether. The group C,H, does not therefore appear 
to terminate in the commonly occurring isopropeny] residue, but further information on this point 
is now being sought. 

EXPERIMENTAL. 

Chlorophorin.—The iroko used in this investigation, consisting of off-cuts from timber employed in 
the manufacture of laboratory furnishings, was kindly supp]-ed by Messrs. Baird and Tatlock, Ltd. The 
wood, in the form of powder or fine shavings, was covered with ether which was heated under reflux for 
15 minutes. The treatment was repeated with a further quantity of solvent, and the combined extracts 
were dried (Na,SO,). Evaporation of the solution gave the crude chlorophorin as a light-brown solid 
(yield, 2—8%) which separated from toluene as an amorphous powder, m. p. 157—159°. Colourless 
specimens were obtained from alcoholic solutions which had been shaken with charcoal for several hours. 
Chlorophorin is insoluble in water, chloroform, carbon tetrachloride, and light petroleum, but dissolves 
in hot acetic acid, benzene, and toluene, and in ether, methanol, ethanol, ethyl acetate, and pyridine. It 
is soluble in aqueous sodium carbonate or hydroxide, but not in sodium hydrogen carbonate solution, 
and gives no marked colour with alcoholic ferric chloride. 

By heating the crude compound (4 g.) with anhydrous sodium acetate (1 g.) and acetic anhydride 
(25 c.c.) under reflux for 30 minutes, tetra-acetylchlorophorin was obtained. The product, isolated by pouring 
the solution into water, crystallised from ethanol in fine colourless needles (5-9 8}. m. p. 133—134° 
[Found : C, 70-2, 70-0; H, 6-4, 6-6; Ac, 32-3, 29-8. C,,H,,(OAc), requires C, 70-1; H, 6-6; Ac, 31-4%. 
C.;H2g(OAc), requires > 70-5; H, 6- 8; Ac, 30-6%]. 

Methylation of chlorophorin (15 g.) with methyl iodide (102 g., 12 mols.) and anhydrous potassium 
carbonate (110 g.) in refluxing acetone (200 c.c.) for 30 hours gave O- -tetramethylchlorophorin (11-8 g., 66%), 
which separated from ethanol in faintly yellow elongated prisms, m. p. 73—74° [Found : S 77-1; 
H, 8-5; OMe, 25-4; C-Me, 6-8. C,,H,,(OMe), requires C, 77-1; H, 8-3; OMe, 28-4; 2C-Me, 6- 9% 
CysHy,(OMe), F uires C, 77-3; H, "8-4: OMe, 27-5; 2C-Me, 6-7%]. Ultra-violet light absorption in 

alcohol : Amax. 2200 and 3300 A., Emax. 15,300 and 18,600, respectively. 

O-Tetraethylchlorophorin obtained in a similar way crystallised from ethanol in very pale ‘ry 


prisms, m. p. 78—79° [Found: C, 78-0, 77-8; H, 9-1, 8-9; OEt, 34-7. C,,H,,(OEt), requires C, 78-0 
H, 8-9; OEt, 36-6%]. 
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Tetrahydrochlorophorin.—A solution of chlorophorin (10 g.) in ethanol (50 c.c.) was hydrogenated over 
Raney nickel at room temperature. Approximately 2 mols. of hydrogen were absorbed in 105 minutes 
and reduction then ceased. Pouring the solution into water gave a voluminous cream-coloured precipitate 
(9-7 g.) which was dried and dissolved in boiling benzene. The tetrahydro-compound, which separated 
in the cold, was an amorphous solid, m. p. 116—118°. A similar product was obtained on reduction in 
presence of a palladised charcoal catalyst. Heating in boiling acetic anhydride (5 c.c.) with sodium 
acetate (0-3 g.) converted the amorphous reduction product (1 g.) into tetra-acetyltetrahydrochlorophorin 
which was isolated by pouring the solution into water. The viscous oil slowly solidified, and crystallised 
from light petroleum in large colourless needles, m. p. 53—55° (Found: C, 69-6; H, 7-1. C,,H,.O, 
requires C, 69-6; H, 7-2%). 

O-Tetramethyltetrahydrochlorophorin was obtained by refluxing a solution of the tetrahydro-compound 
(3 g.) in acetone (100 c.c.) containing methyl iodide (20 g.) and potassium carbonate (23 g.). It separated 
from methanol in colourless needles (2-8 g.), m. p. 52—53° (Found: C, 76-5; H, 8-7; OMe, 25-0. 
C.sHO, requires C, 76-4; H, 9-1; OMe, 28-2%). Ultra-violet light absorption in ethanol : Amar. 2800 a., 
Emax. 3888. This derivative was also obtained on catalytic reduction of O-tetramethylchlorophorin. 

Chlorophorin—Zinc Dust Distillation.—A mixture of chlorophorin (0-5 g.) and zinc dust (8 g.) was 
heated at 200—220° in a hard-glass tube; a colourless sublimate (0-05 g.,), m. p. 104—108°, was collected. 
The product appeared to be resorcinol from its violet.aqueous ferric chloride reaction and m. p. The 
identification was confirmed by dissolving the product in sulphuric acid and adding concentrated nitric 
acid; after 10 minutes the solution was poured into water, and when recrystallised from water the 
product was identified as styphnic acid by its m. p. and mixed m. p., 175—176°. 

Ozonolysis of O-Tetvamethylchlorophorin.—A solution of tetramethylchlorophorin (2 g.) in methyl 
acetate (15 c.c.) was subjected to the action of ozonised oxygen for 9 hours. The solvent was removed 
at room temperature, and to the residue ether (100 c.c.) and acetic acid (4 c.c.) containing a little water 
(0-5 c.c.) were added. Zinc dust (5 g.) was introduced in small portions while the mixture was gently 
refluxed until it no longer gave the starch—iodide reaction. The filtered solution was then evaporated and 
the brown residue heated at low pressure. Considerable resinification occurred, but an oil (0-2 g.) 
distilled at 85—90°/0-03 mm. which solidified on storage. Crystallisation from aqueous alcohol gave long 
needles, m. p. 65—67° undepressed when mixed with 2 : 4-dimethoxybenzaldehyde, m. p. 67—68°. The 
identity of the aldehyde was confirmed by the preparation of its oxime, m. p. 101—102° unaffected when 
mixed with an authentic specimen, m. p. 102—104°, and of the 2 : 4-dinttrophenylhydrazone, a micro- 
crystalline orange-red powder from ethanol, m. p. 244—246° (Found: C, 52-3; H, 4:3. C,;H,,O,N, 
requires C, 52-0; H, 4-1%). 

Ozonolysis of O-Tetramethyltetrahydrochlorophorin.—Ozonised oxygen was passed into a solution of 
O-tetramethyltetrahydrochlorophorin (6 g.) in methyl acetate (25 c.c.) for 17 hours; the solvent was then 
evaporated under diminished pressure, and the residue dissolved in ether (100 c.c.) with acetic acid 
(7 c.c.) containing water (0-3 c.c.) and gradually treated with zinc dust (10 g.) until the starch—iodide test 
was negative. Evaporation of the filtered ethereal solution gave a yellow syrup (5-6 g.) from which a 
colourless oil (0-45 g.) distilled at a bath temperature of 145—-155° (760 mm.). The distillate responded 
to the iodoform reaction and gave a semicarbazone as glistening plates from aqueous alcohol, m. p. 
155—156° (Found: C, 58-2; H, 9-9; N, 23-4%) undepressed on mixing with 6-methyl-2-heptanone 
semicarbazone, m. p. 155—156° (Calc. for C,H,,ON,: C, 58-4; H, 10-3; N, 22-7%). 

Heating of the yellow syrup mentioned above was continued at low pressure, whereupon a yellow oil 
(3-2 g.) distilled at 175—185° (bath temperature) /0-08 mm. It formed an oxime, crystallising in needles, 
m. p. 145—146° (Found: C, 66-7, 66-7; H, 7-1, 7-0; N, 40. (C,,H,,0,N requires C, 66:8; H, 7-0; N, 
39%. C,,H,,0,N requires C, 67-6; H, 7-3; N, 3-8%), and a 2: 4-dinitrophenylhydrazone, a yellow- 
orange micro-crystalline powder, m.p. 134—136°, from alcohol (Found: C, 59-0, 58-9; H, 5-1, 5-5; 
N, 10-7, 11-0. C,gH,,O,N, requires C, 59-5; H, 5-3; N, 10-7%. C,,H3,O,N, requires C, 60-2; H, 5-6; 
N, 10-4%). 

Hydrogen Peroxide Oxidation of Tetrahydrochlorophorin.—A solution of tetrahydrochlorophorin (8 g.) 
in aqueous sodium hydroxide (170 c.c.; 10%) was treated with hydrogen peroxide (450 c.c. of 6%) and 
set aside at room temperature for 12 hours; the mixture was then concentrated to 250 c.c., acidified with 
concentrated hydrochloric acid, and steam-distilled. Extraction of the condensate with ether gave a 
pale brown oil which was distilled at 10 mm. from a bath at 145—155°. The colourless product, 3 : 7-di- 
methylnon-2-enoic acid (1 g.), dissolved in aqueous sodium carbonate with effervescence and rapidly 
decolorised bromine water (Found: C, 71-6, 71-5; H, 10-9, 10-7; C-Me, 14-9. C,,H,.O, requires 
C, 71-7; H, 10-9; 2C-Me, 16-3%). Ultra-violet light absorption in alcohol: Amar. <2200A.; Emax. 
>645. Heating the acid under reflux with methanolic hydrogen chloride for 3 hours gave the methyl 
ester which distilled as a colourless oil at 20 mm. (bath temperature, 125—135°) (Found: C, 72-2; H, 
11-7. C,,H,,O, requires C, 72:7; H, 11-1%). 

A solution of the acid (0-7 g.) in methyl acetate (20 c.c.) was treated with ozonised oxygen until a test 
portion no longer reacted with bromine (2 hours). The solvent was then removed and the residue shaken 
with water (25 c.c.). After 12 hours the liquid was made alkaline with sodium hydrogen carbonate and 
extracted with ether. The oil (0-45 g.) thus isolated was heated at 40 mm., and the distillate (0-07 g.) 
(bath at 85—95°) converted into a semicarbazone, glistening plates (from aqueous methanol), m. p. and 
mixed m. p. with 6-methyl-2-heptanone semicarbazone, 155—156°. 

Potassium Permanganate Oxidation of O-Tetramethylchlorophorin.—A well-shaken solution of tetra- 
methylchlorophorin (5 g.) in acetone (300 c.c.) was treated in the cold with powdered potassium 
permanganate added in small portions until no further oxidation occurred (total, 29 g. in 14 hours). 
Water (300 c.c.) was afterwards added and the mixture saturated with sulphur dioxide. The solution was 
then strongly acidified with hydrochloric acid and repeatedly extracted with ether (10 x 50 c.c.). The 
ether-soluble solid (4-52 g.) thus isolated was triturated with chloroform (25 c.c.), whereupon a colourless 
acid (0-61 g.), m. p. 253—260°, remained. A further quantity (0-23 g.) was obtained by evaporating 
the chloroform solution, treating the residue with benzene, and again triturating the benzene-insoluble 
solid with chloroform. Evaporation of the combined benzene-chloroform solution gave a product 
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crystallising from aqueous ethanol in colourless needles (0-45 g.), m. p. 107—108° alone or mixed with 
2: 4-dimethoxybenzoic acid. The fraction of m. p. 253—260°, sparingly soluble in chloroform, on 
recrystallisation from aqueous ethanol gave colourless prisms, m. p. 286—287° with darkening, now 
regarded as 4-carboxy-2 : Me Be ee ey rd acid (III) (Found: C, 55-1, 55-1; H, 5-1, 4-8; OMe, 26-1. 
C,,H,,0, requires C, 55-0; H, 5-0; OMe, 25-8%). A specimen of the acid (0-45 g.), dissolved in ethereal 
diazomethane (5 c.c.), was converted into the dimethyl ester, crystallising from aqueous alcohol in 
colourless needles (0-29 g.), m. p. 106—108° (Found: C, 58-0; H, 6-2; C-Me, 1-47, 1-9. C,3H,,0, 
requires C, 58-2; H, 6-0; 1C-Me, 5-6%). 

The acid (III) (0-3 g.) was dissolved in acetic anhydride (1 c.c.) and heated on a steam-bath for 15 
minutes. Evaporation left a gum (insoluble in aqueous sodium hydrogen carbonate), which was heated 
under low pressure. A colourless sublimate (0-07 g.), m. p. 184—189°, b. p. (bath temperature) 210— 
220°/1-5 mm., was thus obtained which was heated with water on a steam-bath for 15 minutes and 
then dissolved by adding ethanol. The solid which separated on cooling had m. p. 205—210°, raised 
by recrystallisation to 209—212°, undepressed when mixed with 3: 5-dimethoxy-4-methylbenzoic 
acid. 

3 : 5-Dimethoxy-4-methylbenzoic Acid.—A mixture of the dicarboxylic acid (IIT) (1-55 g.), copper powder 
(1-5 g.), and quinoline (3 g.) was heated at 220—230° for 40 minutes in an atmosphere of nitrogen. 
Concentrated hydrochloric acid (15 c.c.) was then added and the mixture extracted with ether (6 x 10c.c.), 
After being washed with hydrochloric acid and water, the combined ether extracts were shaken with 
five 10-c.c. portions of aqueous sodium hydrogen carbonate which were then acidified to precipitate the 
crude product (0-6 g.), m. p. 210—230°. Unchanged dicarboxylic acid was removed by treatment with 
chloroform, and the chloroform-soluble portion crystallised from aqueous ethanol. The resulting acid 
(0-3 g.), m. p. 209—-212°, was indistinguishable from a specimen of 3 : 5-dimethoxy-4-methylbenzoic acid 
(m. p. 213—215° and mixed m. p.) prepared by the method of Charlesworth and Robinson (loc. cit.) 
(Found: C, 61-1; H, 6-0. Calc. for C,,H,,0O,: C, 61-2; H,6-1%). When this was heated under reflux 
with methyl iodide and potassium carbonate in acetone solution, the methyl ester was obtained, crystallis- 
ing from methanol in clusters of colourless needles, m. p. 100—101° alone or mixed with the methy] ester 
of the synthetic acid, m. p. 101-5—102-5° (Found: C, 62-7; H, 6-6; C-Me, 84. Calc. for C,,H,,0,: 
C, 62-9; H, 6-7; 1C-Me, 7-:1%). 

Ether-extraction of the acid solution from which the crude product, m. p. 210—230°, had separated 
yielded a further product, crystallising from water and having m. p. 119—120°, isomeric with the fore- 
going dimethoxytoluic acid (Found: C, 60-6; H, 6-3; C-Me, 4-3. C,)H,,0, requires C, 61-2; H, 6-1; 
1C-Me 7-6%) 

Potassium Permanganate Oxidation of Tetrahydrochlorophorin.—Powdered permanganate (19 g.) was 
added in small portions to an acetone solution (30 c.c.) of tetrahydrochlorophorin (3 g.). When oxidation 
was complete, water (200 c.c.) was added and the mixture saturated with sulphur dioxide. The solution 
was further acidified with hydrochloric acid, the acetone evaporated, and the pale yellow solution 
extracted continuously with ether for 48 hours. Acid products were removed by washing the ethereal 
solution with aqueous sodium hydrogen carbonate, and the acidified alkaline washings also submitted to 
continuous ether-extraction for 48 hours. The semi-solid residue obtained on evaporation of the ether, 
and of other volatile material under reduced pressure at 100°, gave on trituration with chloroform 
colourless crystals (0-22 g.), m. p. 180—181°. The p-phenylphenacyl ester separated from acetone in 
colourless plates, m. p. 210° undepressed by admixture with an authentic specimen of di-p-phenylphenacyl 
succinate (Drake and Bronitsky, J. Amer. Chem. Soc., 1930, 52, 3715). 

Potassium Permanganate Oxidation of O-Tetramethylchlorophorin.—An ice-cold solution of tetramethyl- 
chlorophorin (2 g.) in dioxan (150 c.c.) was treated with small quantities of aqueous permanganate (5%) 
until, after the addition of 95 c.c., a slight excess of the oxidising agent was present. The solution was 
filtered, treated with sulphur dioxide, and filtered again, and then made alkaline and distilled until 
30 c.c. of solution had collected. Treatment of this distillate with aqueous 2 : 4-dinitrophenylhydrazine 
hydrochloride gave a yellowish-orange precipitate which crystallised from aqueous ethanol in yellow 
needles, m. p. and mixed m. p. with acetone 2: 4-dinitrophenylhydrazone, 123—124°. The distillate 
from the acidified oxidation mixture contained a negligible amount of steam-volatile acid as measured by 
titration with standard alkali. 
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700. The Constitution and Properties of a Conjugated Diene Acid 
present in Stillingia Oil. 
By A. CrossLey and T. P. Hitpitcu. 


The unusual short-chain component of the mixed fatty acids of stillingia oil (from seeds 
of Sapium species) has been identified as deca-2 : 4-dienoic acid,* a homologue of sorbic acid. 
Its ultra-violet absorption spectrum resembles that of sorbic acid, a single absorption band 
with head at 260 my. (acid) or 264 my. (ester) and ¢ 24,000. Complete hydrogenation of the 
methyl ester yields methyl n-decoate, and semi-hydrogenation gives a mixture of esters in 
which methyl] dec-3-enoate predominates (ca. 40%), accompanied by about 30% of the A?- and 
A‘-monoethylenic isomers and about 15% each of unchanged diene ester and of saturated methyl 
n-decoate. 


Ir has recently been shown (Hilditch, J. Oil Col. Chem. Ass., 1949, 32, 18) that stillingia oil, 
from the seeds of Sapium sebiferum Roxb., is unique amongst unsaturated fatty oils in the 
presence, along with the usual seed-oil unsaturated C,, acids (linoleic, linolenic, oleic), of a 
shorter-chain acid, n-deca-2 : 4-dienoic acid. The component acids of stillingia oil had been 
studied earlier by Jamieson and McKinney (Oi/ and Soap, 1938, 15, 295) by separation into 
saturated and unsaturated portions by means of their lead salts, and by fractional distillation 
of the methyl esters of the saturated (but not the unsaturated) acids; consequently, although 
these authors remarked upon the somewhat unusually low saponification equivalent of stillingia 
oils compared with that of other vegetable seed oils derived from similar higher unsaturated 
acids, the presence of the short-chain acid was overlooked. Our observation of an absorption 
band in the ultra-violet absorption spectrum at about 260 mu. revealed the presence of an 
unusual acid, which was then found to be due to an unsaturated component of relatively low 
molecular weight (ca. 170), which was readily separable by fractional distillation of the methyl 
esters of the stillingia oil mixed fatty acids and was later found by us to be deca-2 : 4-dienoic 
acid (Hilditch, Joc. cit.). In this communication we record the properties of the acid and the 
evidence on which its constitution is based, and also describe the products of partial hydrogenation 
of its methy] ester. 

The short-chain unsaturated acid was readily obtained from the mixed fatty acids of 
stillingia oil (prepared by cautious hydrolysis with only a small excess of alkali) by converting 
them into methyl esters and separating the lowest-boiling constituents of the latter by distillation 
through an efficient fractionation column at 0:2 mm. pressure. Refractionation of the low- 
boiling esters led ultimately to the production of an apparently homogeneous methyl ester, 
a colourless liquid with a characteristic odour and the following analytical characteristics : 
Found: equiv., 183; C, 71°5; H, 10°0. C,,H,,0, requires equiv., 182; C, 72°5; H, 10°0%. 
On hydrolysis with alkali the ester developed an intense yellow colour (cf. Hilditch, loc. cit.), 
but this feature apparently was caused by traces of autoxidation products. The ester, and 
still more so the acid, is extremely susceptible to atmospheric oxygen, and there is reason to 
believe that the low carbon content recorded is caused by slight attack by oxygen before the 
analysis could be undertaken. 

The purified ester, on hydrogenation with Raney nickel at 110°, smoothly and rapidly 
absorbed 2 moles of hydrogen. The hydrogenated product was distilled and hydrolysed to an 
acid with an equivalent of 171°8 (Calc. for C,)H,,O,: equiv., 172). The acid melted sharply 
at 31—31°5° (unchanged when mixed with synthetic n-decoic acid) (Found: C, 69°8; H, 11-5. 
Calc. for C,95H.,O0,: C, 69°7; H, 117%). The identity of the acid was further checked by the 
melting points of its p-toluidide (76°5°) and of its p-bromophenacy]l ester (67-°0—67°5°), which 
were unaltered by admixture with the respective synthetic compounds. 

Oxidation of the purified diene ester in acetone with potassium permanganate yielded a 
steam-volatile monobasic acid which was proved to be u-hexoic acid by the melting-points of 
its p-toluidide and its p-bromophenacy] ester, both of which were unchanged when mixed 
with the respective derivatives prepared from authentic n-hexoic acid. The natural acid is 
therefore n-deca-2 : 4-dienoic acid, CH,*[(CH,],*[(CH°:CH],°CO,H. The presence of a Cy, acid 
with the more usual linoleic, linolenic, and oleic acids in an unsaturated vegetable seed fat is 
most unusual. The occurrence in a fatty oil of a homologue of sorbic acid is moreover unique. 

Absorption Spectrum of Deca-2: 4-dienoic Acid.—In our preliminary work (Hilditch, loc. 
cit.) on the mixed fatty acids of stillingia oil a band with a head at 257 mu. was observed. In 


* In this paper the acids are numbered on the Geneva system, the number | being assigned to the 
carboxyl carbon atom. 


104 
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the present series of experiments it was found that the band head (cf. fig.), for the purest 
specimen of ester obtained, was at 264 mu. (in alcohol), whilst that for the corresponding acid 
was at 260my. The mean value (six determinations) of E}%, at 264 my. for the purest specimens 
of freshly-distilled methyl ester in alcohol was 1317, corresponding with a molecular extinction 
coefficient « 24,000. Hausser, Kuhn, Smakula, and Hoffer (Z. physikal. Chem., 1935, 29, B, 371) 
found that, in alcohol at 254 mu., sorbic acid has e 24,800, a value with which our determination 
is in satisfactory general agreement. 

Deca-2 : 4-dienoic acid, peculiar so far as is known to the glycerides of stillingia (Sapium) 
seed oils, appears to form about 5% (by weight) or about 8% (by mol.) of the total fatty acids 
present. An account of the proportions of the component fatty acids present in seed oils 
from Sapium species of known origin will be published elsewhere, with, it is hoped, some data 
as to the mode of combination of the conjugated diene acid with the higher fatty acids in the 
glycerides of the oils. 

Partial Hydrogenation of Methyl Deca-2 : 4-dienoate—The hydrogenation of conjugated 
ethenoid systems in an aliphatic chain has been relatively little investigated, except in the case 

of esters of elzostearic acid (Boeseken et al,, 

Rec. Trav. chim., 1927, 46, 629; 1930, 49, 247; 

Steger, van Loon, and van Vlimmeren, Fette 

u. Seifen, 1944, 51, 49; Hilditch and Pathak, 

Proc. Roy. Soc., 1949, A, 198, 323). It was 

therefore of interest to examine the products 

of semi-hydrogenation of the conjugated 

decadienoic ester. A portion of the purified 

ester was allowed to combine with half the 

volume of hydrogen necessary for complete 

saturation in presence of Raney nickel at 110°, 

its extinction coefficient E}%, at 264 mu. 

having then fallen from the original value of 

1317 to 216. The product was fractionally 

distilled (for details see Experimental) into 

five fractions, the middle one representing 

about 64% of the total product. Unchanged 

P P . , . : diene ester was determined in each fraction 

270 290 370 {rom the observed values of E}%, at 264 muy. 

Wave-/ength, mu. Completely hydrogenated (u-decoic) ester was 

determined by quantitative oxidation of the 

fractions with potassium permanganate in acetone, and concurrently the amounts of mono- 

basic acids produced by the oxidation of the mono- and di-ethylenic esters present were 

determined from the equivalents of the fractions obtained when they had been fractionally 

distilled. From the proportions of hexoic, heptoic, and octoic acids so determined, an approxi- 

mate measure of the amounts of the three possible decenoic esters present in the semi-hydro- 

genated ester was obtained. It was found that, at the half-way stage, about 15% each of 

unchanged diene ester and of completely hydrogenated ester (decoate) was present, about 40% 

of the product was methyl dec-3-enoate, and the remaining 30% consisted of the isomeric 

A*®- and A‘-monoethylenic esters. The hydrogenation is largely selective in character in that 

mono-ethylenic esters form about 70% of the half-hydrogenated ester, and that, of these, over 

half consists of the dec-3-enoate, i.e., over half reacts by 1: 4-addition of hydrogen to the 

conjugated diene system; but in the remaining molecules hydrogen appears to have united 
with one or other of the double bonds of the original diene system. 

Farmer and Hughes (J., 1934, 304, 1929) found that, whilst fixation of 1 mole of hydrogen 
by sorbic acid in presence of newly-prepared platinum catalyst led mainly to the production 
of hexoic and unchanged sorbic acid with relatively little formation of hexenoic acids, the 
employment of aged platinum catalysts caused the production of up to 44% of hexenoic acids 
(36% of hex-2-enoic acid) in some instances; the use of Raney nickel, and still more so of 
palladium, as catalysts also resulted in the predominant formation of the dihydro-derivatives 
(apparently mainly ‘hhex-2-enoic acid). 








EXPERIMENTAL, 


Isolation of Decadienoic Acid from Stillingia Oil—A good commercial specimen of stillingia oil 
(1200 g.) was cautiously hydrolysed with only a slight excess of alcoholic potassium hydroxide, and the 
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mixed acids were liberated from the soaps and converted into methyl esters by heating them under 
reflux for a short time in methyl alcohol in presence of a trace of sulphuric acid. The neutral methyl 
esters (1143-5 g.) were distilled through an electrically-heated and packed column under 0-2 mm. 
pressure, the following lowest-boiling fractions being obtained: (a) 42-2 g., b. p. 84—96°, Ei%, 1118 at 
264 mp.; (b) 8-1 g., b. p. 96—110°, E}%, 676 at 264 my.; (c) 43 g., b. p. 110—125°, E}%, 417 at 264 
my.; and (@) 11-8 g. (left in column), E}%, 102 at 264 mp. 

Fractions (b), (¢), and (d) were re-combined and re-fractionated, giving 10-0 g., b. p. 90—94°, Ei%, 
1276 at 264 my.; this fraction was united with fraction (a), and the mixture re-distilled at 0-2 mm. 
pressure through the column, whereupon the following fractions were obtained : 


B.p./0-2mm. £}%, at 264 mp. G. El%, at 264 mp. 
1154 0 Left in column 1279 
“7 


1317 Residue 167 
1359 


Other specimens of the ester were similarly obtained by working up further batches of stillingia oil. 
The purified ester was a colourless mobile liquid with a characteristic, slightly pungent odour, quite 
different in character from that of the corresponding saturated ester. It was unstable when kept in 
presence of air and light; when it was heated with alcoholic potassium hydroxide a strong yellow colour 
of varying intensity always developed, but it is considered that this is a secondary effect caused by the 
presence of traces of autoxidised compounds since it appeared to be minimal when the ester was freshly 
distilled. The corresponding acid is still less stable and rapidly commences to autoxidise and polymerise 
Several analyses led tolow values for carbon (cf. p. 3353). Tests for the presence of aldehyde or ketone 
groups gave negative results, and the ester possessed no acetyl value, indicating the absence of alcoholic 
hydroxyl groups. 

The methy] ester and the free acid exhibit a single broad absorption band in the ultra-violet spectrum 
(figure) with a well-defined head at 264 my. (ester) or 260 my. (acid). The extinction coefficient (mean 
of six determinations) of the purest specimens of the methyl ester (in alcohol) at 264 mp. was E}%, 1317 
(molar extinction coefficient ¢ 24,000). When kept at 0° under nitrogen for a few days the ester developed 
a slight yellow colour, and the value of £}%, fell by about 30 units; it remains unchanged in these 
respects, however, indefinitely when kept at —70°. When the ester is heated with an excess of alkali 
in ethylene glycol at 170° or 180° (as in the spectroscopic determination of linolenic and linoleic acids), 
the band at 260 my. gradually disappears and a new band appears at 238 my. (E}%, 1056 after heating 
at 180° for 1 hour with potassium hydroxide in ethylene glycol); the cause of this has not been traced, 
although it is consistent with decarboxylation of a diene acid and production of a conjugated diene 
hydrocarbon. The absorption band of the original ester is similar in position and molar extinction 
coefficient to that of sorbic acid. 

Iodine-absorption methods are of little value in characterising deca-2 : 4-dienoic acid or esters, as 
would be expected in view of the presence, not only of a conjugated diethenoid system, but also of the 
contiguity of a carboxyl group. The methyl ester gave somewhat variable results both with Wijs 
reagent (iodine value ca. 130, rf hour’s contact) and by the Toms bromine-vapour absorption method 


{Found: ca. 240. Cathie, (2 double bonds) requires 279]. Similarly, in the semi-hydrogenated 


ester, distillate fractions 3 and 4 (p. 3356), in which methyl dec-2-enoate as well as the deca-2 : 4-dienoate 
are present, possess iodine values (Wijs) which fail to correspond with the unsaturation shown to be 
present in the respective fractions. 

Constitution of the Unsaturated Cy, Acid.—Hydrogenation of the methyl ester. The purified methyl 
ester (20-3 g.; Ei%, 1317 at 264 my.), hydrogenated in presence of Raney nickel at 110°, absorbed 
4300 ml. of hydrogen in 40 minutes and continued to absorb hydrogen less rapidly during the next 
60 minutes, the total absorption being 5100 ml. (measured at 15°). This corresponds with the fixation 
of 1-95 moles of hydrogen per mole of ester. The product (18-6 g.) yielded on distillation 17-6 g. of a 
liquid ester which on hydrolysis gave an acid which, after crystallisation from ether at —45°, melted 
8 ly at 31—31-5° (unchanged when mixed with authentic n-decoic acid) (cf. p. 3353). 

xidation of the methyl diene ester. The ester (18 g.) was dissolved in acetone (180 ml.) and oxidised 
with powdered potassium permanganate (180 g.), the solution being gently refluxed for 2 hours after 
all the permanganate had been added. After removal of the acetone and decolorisation of the aqueous 
solution of the acidified products of oxidation, the lower fatty acids were removed by distillation with 
steam, recovered from the condensate, and, after being dried in ethereal solution, were distilled through 
a semimicro-fractionating column with the following results : 


Fraction. G. B. p./760 mm. Equiv. Fraction. ‘ B. p./760 mm. Equiv. 
0-13 70—110° 600 6 . 198° 113-9 
0-68 110—140 99-7 7 . 200 116-4 
0-72 160—184 110-3 8 . 200—190 121-6 
2-26 184—188 113-1 9 . Residue 217-9 
0-99 194 114-3 


Total wt.: 6-99 g. 


The equivalents show that, apart from traces of ether, water, and small proportions of acids of lower 
molecular weight than hexoic, the main component approximated exclusively to a molecular weight 
of 114—116 (hexoic acid, 116). Fractions 5 and 6 gave a p-toluidide, m. p. 74-5—75-5° which, when 
mixed with an authentic specimen (m. p. 76°) prepared from synthetic m-hexoic acid, melted at 74-5— 
76°, and a p-bromophenacy] ester of m. p. 70-5—71-5° which remained unchanged when mixed with an 
authentic specimen (m. p. 70-5—72°). 
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There is little difference in the melting points of the p-toluidides and -bromophenacy] esters of 
n-hexoic and n-decoic acid (above); but mixed melting points of, e.g., the p-toluidides of n-hexoic and 
n-decoic acid gave depressions of about 30°. The identity in these cases is established almost entirely 
by the behaviour on admixture with known derivatives rather than by the specific melting point of any 
single derivative. 

Semi-hydrogenation of Methyl Deca-2 : 4-dienoate.—The ester (24-4 g.) was hydrogenated at 110° in 
presence of Raney nickel until approx. 1 mole (3050 ml.) of hydrogen per mole of ester had been absorbed. 
The filtered product (which had E}%, 216 at 264 mp.) was then fractionally distilled under reduced 
pressure giving : 

Iodine value Saturated ester 
Fraction. ; El%, at 264 mp. (Wijs, 4 hr.). (Me decoate), %. 
. 87-5 
76-0 } 34-0 
56-1 11-5 


a1 } 60 


Fractions 1 and 2, and 4 and 5, were combined and these two groups, and also fraction 3, were 
quantitatively oxidised in acetone solution with excess of powdered permanganate; any completely 
hydrogenated methyl decoate remained unchanged and was recovered and weighed, whilst the monobasic 
acids produced by oxidative scission of the decenoic and decadienoic esters present were also recovered 
and submitted to micro-fractionation with the following results : 


Fraction 1+ 2: 3-18 g. yielded 1-08 g. of saturated ester (34-0%). 
od oe te oe “eee we : 
a 4+5: 320g. ,, 019g. ,, 


Monobasic acid (C,, Cz, Cs) fractions obtained from oxidation of fractions 1—2, 3, and 4—5. The acid 
oxidation products yielded the following fractions : 


Fractions 1-2. Fraction 3. Fraction 4-5. 
B. p. Equiv. 
160° 113-7 

160—180 112-4 
180—205 122-9 
205—210 129-1 


9 


Equiv. 
127-5 
120-3 
125-7 
128-9 
133-7 
136-5 
139-5 
142-0 


ooceooe 
em Poor on 
fe Beh oe 


> 
rs 
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The lowest-boiling fractions of group 1—2 contained traces of acids lower than hexoic. The rest 
of the acids conformed with mixtures of hexoic, heptoic, and octoic, corresponding respectively with 
the scission-products of dec-2, -3-, and -4-enoic acids. The presence of m-heptoic acid was not con- 
clusively established, but the steady increase in molecular weight (cf., especially, the third—sixth 
fractions of group 3) differs quite definitely from the more abrupt change between about 125 and 135 
which is characteristic in similar fractionations of hexoic and octoic acids alone (e.g., in the lower fatty 
acids of milk fats). The p-bromophenacyl ester of the fourth fraction in group 3 (equiv., 128-9; 
corresponding with a mixture of about 90% of heptoic and 10% of hexoic acid) was prepared, but its 
melting point could not be raised above 62° (m. p. of p-bromophenacyl ester of synthetic -heptoic 
acid, 71°), probably owing to the impossibility of separating the admixed ester of hexoic (and possibly 
also traces of octoic) acid present; the melting point (62°) of the ester was raised to 65—66° on admixture 
with synthetic p-bromophenacyl] n-heptoate (m. p. 71°) and depressed to 48—53° by admixture with 
synthetic p-bromophenacyl n-hexoate (m. p. 70-5—71-5°). ° 

An approximate estimate of the ae epee of hexoic, heptoic, and octoic acids can, however, be 
obtained on the assumption that each of the separated fractions is a binary mixture of the three homo- 
logues. The pa of these acids, and those of the corresponding decenoic acids from which they 
were produced, can thus be roughly given as follows : 

Corresponding decenoic acids, 
Hexoic, Heptoic, Octoic, 
Semi-hydrogenated ester. 
Fractions 1-2 
Fraction 3 
Fractions 4-5 


The approximate composition of the esters in the original fractions 1—5 of semi-hydrogenated methyl 
deca-2 : 4-dienoate can then be deduced as follows : 


fully hydrogenated methyl decoate from the oxidation data above; 

unchanged methyl deca-2 : 4-dienoate from the spectroscopic data ; 

methyl dec-4-enoate, from the observed proportions of hexoic acid after deducting the amount 
of hexoic acid produced from the unchanged diene ester ; 

methyl dec-2- and -3-enoates, from the proportions respectively of octoic and heptoic acids. 
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The approximate data thus obtained are : 


A —, Deca-2 : 4- 
Semi-hydrogenated ester. Decoate. : ‘ -2-. dienoate. 
g. g. 3 g. g 
Fractions 1-2 3-8 1-3 , ; -- 0-04 
Fraction 3 14-68 1-69 , ° 3-24 1-91 
Fractions 4-5 4-45 0-26 . 0-65 1-51 





Total weights 23-02 3-28 2-78 9-61 3-89 3-46 
100-0% 14% 12% 42% 17% 15% 


We wish to mention that Dr. H. C. Dunn was responsible for earlier preliminary work on stillingia 
oil, which led up to the results now recorded, and to express our thanks to him. We thank the Colonial 
Products Research Council for a grant to one of us (A. C.), and for authority to publish this paper. 
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701. The Crystal Structures of the Acid Salts of Some Mono- 
basic Acids. Part I. Potassium Hydrogen Bisphenylacetate. 


By J. C. SPEAKMAN. 


The crystal structure of potassium hydrogen bisphenylacetate, KH(C,H,O,),, has been 
studied by the X-ray-diffraction method. No discrete molecule of this formula exists in the 
solid state. The structure consists of infinite layers of potassium and hydrogen atoms (or 
ions) sandwiched between pairs of layers of phenylacetate residues, whose carboxyl groups 
link the potassium and hydrogen atoms together from either side. Each potassium ion is at 
the centre of an octahedron of six approximately equidistant oxygen atoms, and each ~~ 
atom is situated between two oxygen atoms and constitutes a short hydrogen bond. This 
bond is remarkable in being effectively symmetrical, since the two oxygen atoms lie about a 
crystallographic centre ofsymmetry. The possible significance of this observation is discussed. 


Most monocarboxylic acids (HX) form, not only normal salts (e.g., KX), but also acid salts, 
often of the type KHX,. The same is true of many other kinds of monobasic acids. (For some 
references see Smith and Speakman, Tvans. Faraday Soc., 1948, 44, 1031; N. Smith, Thesis, 
Sheffield, 1949.) From time to time structural formule have been proposed for these compounds 
(e.g., by Farmer, J., 1903, 88, 1440; Pfeiffer, Ber., 1914, 47, 1580; Ross and Morrison, /., 
1933, 1016; Vitale, Gazzetta, 1936, 66, 569), but are supported by little direct evidence. 
Therefore it seemed useful to examine some of these acids salts by X-ray-diffraction methods. 
This paper describes an investigation of the crystal structure of potassium hydrogen bispheny]l- 
acetate, (C,H,*CH,°CO,),HK, and follows a preliminary note (Nature, 1948, 162, 695). 


EXPERIMENTAL, 


Preparation and Preliminary Examination.—The acid salt was prepared by a method described 
elsewhere (Smith and Speakman, Joc. cit.). Choice of a solvent for recrystallisation is severely limited 
because the compound breaks down into its constituents (HX and KX) in solution, and solvents that 
dissolve the one will generally not dissolve the other. Ethyl alcohol was the only liquid found suitable. 
From it crystals developed as laths elongated in the direction of the b-axis, and with {100} most pro- 
minent. The forms {001} and {011} usually also appear, and {010} occasionally. Cleavage readily 
occurs parallel to (001) and (010), and to (100) when the specimen is sufficiently thick. Under the 
polarising microscope the crystals were found to be biaxial, with the refractive indices (roughly deter- 
mined with white light) 1-52 parallel to [b], and 1-61 and 1-64 approximately parallel to [a] and [c]}, 
respectively. The first corresponds to a, and the other two nearly to Band y. The literature appears to 
contain no previous crystallographic measurements on this substance. 

Crystal Data.—The following data were established by single-crystal rotation and oscillation photo- 
graphs, using ae K-a radiation (A = 1-54 4.). 

Potassium hydrogen bisphenylacetate; KH(C,H,O,),; M, 310-4; m. p. 142°; monoclinic prismatic ; 
a = 28-4 (+ 0-05), b = 4-50 (+ 0-02), c = 11-97 (4+ 0-03) a., B = 90-4° (+ 0-3°); volume of unit cell, 
1530 a.3; d, calc., 1-347, found, 1-33—1-34; four molecules per unit cell; F(000), 648; absorption 
coefficient for X-rays (A = 1-54 4.), p = 32-6 cm.. 

Absent spectra: (hkl) when h +h +1 is odd; (h0/) when either hf or /] is odd. Space group; 
C,4 — Ia or Cy* — I2/a (equivalent to C2/c of ‘‘ Internationale Tabellen’’). The latter space group 
was adopted and is justified by the outcome; it implies that each stoicheiometric molecule possesses 
either a centre of symmetry or a two-fold axis. 

Experimental Methods.—Relative-intensity measurements were estimated from Weissenberg photo- 
graphs by the multiple film technique (cf. Robertson J. Sci. Instr., 1943, 20, 169.). They were ultimately 
placed upon an absolute scale by comparison of observed and calculated structure amplitudes. Absorp- 
tion is rather high, and it was necessary to use fairly small crystals and to give fairly long exposures. 
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In one series an attempt was made to correct for absorption by a simplified version of Albrecht’s method 
(Rev. Sci. Instr., 1940, 10, 221); but the results did not differ greatly from those of an alternative series 
Fic. 1. 


Patterson syntheses (|Fxoi|*) for (a) rubidium and (b) potassium hydrogen bisphenylacetate. 
Orthogonal axes. Contour-line scale arbitrary. 


1(a). 


1 
14a | 

















Fourier synthesis (Fi) for potassium hydrogen bisphenylacetate, projected along b axis. Contour-line 
scale; 1 electron per sq. a. ; line of unit electron-density broken. 
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for which the crystal was cut to a nearly square cross-section, so that absorption would be about the 
same in all directions and was ignored. The latter procedure was adopted subsequently. The other 
usual corrections were applied as for ideally imperfect (mosaic) crystals. Intensities were measured for 
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pol, hil, - and hkO. The greatest range of observed intensities was about 1000:1. Nearly 400 spectra 
were recorded. 

Details of Analysis.—The shortness of the b-axis, taken in conjunction with the optical data, suggested 
that the molecules lay roughly parallel to the xz-plane, and that the structure could most profitably be 
studied by means of projection along [0]. 

Isomorphous replacement of the potassium was likely to be helpful in the analysis. Attempts were 
first directed towards preparing thallous hydrogen bisphenylacetate, but always resulted in the normal 
salt, T1(C,H,O,). An isomorphous ammonium salt was easily made, but the crystals quickly became 
opaque, presumably owing to loss of ammonia. Rubidium hydrogen bisphenylacetate, RbDH(C,H,O,),, 
however proved to be very suitable. It was closely isomorphous with the potassium salt, though the 
b- and c-axes were sensibly longer: @ = 29-0, (+ 0-4), b = 4-59 (+ 0-03), c = 12-3, (+ 0-05) a.; B was 
not measured, but ~ 90°. 

Relative intensities were measured for the h0/ zone of the rubidium salt, and a Patterson projection 
was made along the b-axis. The result (Fig. 1a) shows that the presence of the heavy atom leads to a 
clear image of the phenylacetate residue. [In the light of this, it subsequently became evident that the 
corresponding projection for the potassium salt (Fig. 1b) would, in this instance, have been a trustworthy 


Fic. 3. 


Numbering and arrangement of atoms in b-axis projection, based on Fig. 2. (The centres of symmetry 
shown on the line x = 0 are at y = 0 or $b; that on x = ja is at y = fb or #b.) 
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guide towards a preliminary structure.] With the lead given by Fig. la, the phases of the principal 
structure factors in the A0/ zone could be ascertained, and further progress made by successive Fourier 
syntheses for the potassium salt. The third and final electron-density map is shown in Fig. 2, with a 
change of origin explained later. In this last synthesis advantage was taken of the occurrence of only 
even orders of f to evaluate the electron-density at 3° intervals along x; altogether, the density was 
computed at 900 points in the asymmetric unit. All the atoms are clearly resolved, and their x- and 
z-co-ordinates can be fixed. The positions selected are marked by crosses, and the situation is 
further elucidated by Fig. 3. The small “ tail” associated with the peak for O(1) is presumed to be a 
diffraction effect caused by the proximity of the heavy atom. 

This favourable aspect of the half-molecule implies that good resolution cannot be expected along 
either of the other principal axes. Nevertheless much information about the y-co-ordinates can be 
reasonably inferred from Fig. 2 or3 alone. In the first place the space-group requires there to be centres 
and two-fold axes of symmetry which are indistinguishable in this projection. Either the potassium 
atom is at a centre and the mid-point between O(2) and O(2’) on an axis, or the potassium is on the axis 
and the mid-point at the centre. The latter must be correct since the oxygens are separated by only 
1-85 a. in projection, a distance too long for a simple covalent bond, and much too short for a hydrogen 
bond or for no bond at all. Therefore the oxygen atoms must be at different levels, and they must be 
related by the centre, not the axis. This centre of symmetry was thereafter taken as origin. The 
potassium ions lie on digonal axes. 

In the second place, the foreshortened appearance of the molecule in the direction of CIC) 
indicates that both the carboxyl group and the benzene ring slope downwards (or upwards) from C(2), 
On the other hand, the projected distance C(5)-C(8) is nearly 2-8 a., implying little or no foreshortenin 
in this direction. This conclusion is reinforced by the more sensitive test that the lines C(3)-C(7) an 
C(4)-C(6) are within 1° of being perpendicular to the line C(5)-C(8). The inclinations of the carboxyl 
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group at about 41°, and of the benzene ring at about 30°, to (010) is further supported by the high 
value of F(510). 

In the third place, the line O(1)—O(2) is not perpendicular to C(1)-C(2), and therefore, provided that 
the carboxyl group is approximately symmetrical, the oxygen atoms must be at different levels. These 
considerations, along with the assumption of normal values for the interatomic distances and of a flat, 
eo ring, led to a set of y-co-ordinates which needed only minor emendation as the analysis 
proc ; 

Special importance attaches to the precise location of the potassium ions, which must be approxim- 
ately at y= +120. This ameter cannot be exactly correct however, since, if it were, the heavy 
atom would contribute to F only when & and / are either both odd or both even, and the average value 
of the amplitudes would therefore be greater when (k + /) was even than when it wasodd. This is true 
when FY is small, but ceases to be true when k > 2. The best agreement was obtained with y slightly less 
than 3b. 

By use of the y-co-ordinates thus allocated, the signs of F(4k0) were ascertained, and a Fourier 
synthesis performed to give the [z] projection shown in Fig. 4. Although there is no resolution of 
individual atoms, this map is useful in confirming the molecular orientation assumed, and more parti- 
cularly in defining the position of the potassium ions at y = + 0-206. Owing to the limited number of 
reflexions available in this zone, there is some false detail. For example, it can easily be demonstrated 
that the low mound at x = 0, y = 40 is a diffraction effect arising from the synthesis of the large 
at 0-206b with only 5 ordersofk. Therefore the validity of this projection was not thought to justify the 
small changes in the y-co-ordinates of the ring carbons needed to bring these atoms into exact conformity 
with the electron-density peaks. The positions allocated to the atoms are marked in Fig. 4. 


Fic. 4. 


Fourier synthesis (Fy) for potassium hydrogen bisphenylacetate, projected along c-axis. Contour-line 
scale : 2 electrons per sq. a. ; line for 2 electrons per sq. a. broken. 
' Scale . 
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Atomic Co-ordinates and Structure Factor Calculations.—The structure adopted is expressed by the 
co-ordinates shown in Table I. It is also useful to state the atomic positions (%’, y, z’) with respect to 
orthogonal axes (e.g., cf. Abrahams and Robertson, Acta Cryst., 1948, 1, 258 With B = 90-4° (and 
(c’] made to coincide with [c]), x’ does not differ appreciably from *%, and z’ differs only slightly from z. 


TABLE I. 


Atomic Co-ordinates. 
(Origin at centre of symmetry. See Fig. 3 for numbering of atoms. ¥%, y, and z in A.) 
%/a. yd. le alc. Zz. 
0-0000 0-206 ° 0-2500 2-99 
0-0446 0-290 , —0-1430 —1-72 
0-0283 0-200 ° 0-0350 
0-0483 0-318 . —0-0458 
0-0850 0-540 . —0-0070 
0-1296 0-373 , 0-0467 
0-1354 0-373 . 0-1667 
0-1742 5 0-218 : 0-2067 
0-2042 . 0-062 D 0-1400 
0-1983 , 0-062 . 0-0208 
0-1604 . 0-218 ; —0-0200 
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The final structure was tested by comparing observed and calculated structure amplitudes for 
hOl, hil, h21, and hkO. In the absence of independent information about the numerous specific and 
anisotropic influences which must affect the scattering of X-rays by crystallographically-different atoms, 
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TaBLe II. 
Observed Structure Amplitudes and Calculated Structure Factors for h0l. 
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TABLE IIl—continued. 
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TABLE III. 


Observed Structure Amplitudes and Calculated Structure Factors for hk0. 


2 sin 0. is s hkO. 2 sin 6. 
0-34 11,30 1-18 
0-38 1-24 
0-43 
0-50 1-37 

1-37 
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the following simple scattering-curves were adopted : for the carbon and oxygen atoms the James and 
Brindley functions (“ Internationale Tabellen,”’ p. 571) were used, each diminished by the same isotropic 
temperature factor, e-!¢sin29, and that for oxygen increased in the ratio 8}/8 owing to the presence of an 
average formal charge of —4 on these atoms. (This may be justified by writing the formula, for the 
present purpose, as KtH+(C,H,O,),~.) An arbitrary curve was then constructed for potassium and 
may be indicated by the following values : 


0-1 0-2 0-3 0-4 5 0-6 0-7 0:8 0-9 

18-0 15-5 12-5 9-7 7:5 ‘9 5-0 4-35 3-85 3-45 
Observed structure amplitudes and calculated structure factors are given in Tables II and III for the 
two principal zones. With h0/ the average discrepancy for the 126 observed reflexions is 14-1% (factors 
too weak to be observed have been neglected) ; and it falls below 13% if F(200) and F(400) are omitted, 
these terms being liable to large extinction errors. With hkO the discrepancy is about 134%, though the 
test is much less exacting here, as only 42 reflexions were observed. Structure factors (not given here) 
were also compared for All (120 spectra) and for h42/ (100 spectra), with average discrepancies of about 
174% and 184% respectively. This agreement seems adequate to support the structure recorded in 
Table I, though it would be less good were it not for the occurrence of several factors of high amplitude. 
The y-co-ordinates are less accurately known than the others, because only 5 orders of k are accessible to 
copper radiation, and only 2 when the crystal is rotated about the b-axis. 
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DISCUSSION. 


The chief interest of this structure attaches to the region of the carboxyl groups, for it is 
possible that the frequent occurrence of these acid salts depends on their possessing common 
structural features here. This region is most easily described by reference to Fig. 5. The 
potassium ions lie in the (200) planes, with the carboxyl groups disposed to either side. Every 
potassium atom is situated at the centre of an octahedron of oxygen atoms; four of these 
[O(1)] are at 2°88 a. and two [O(2)] at 2°75 a., and the octahedron is distorted by a displacement 
of the last two atoms (counter-clockwise as seen in Fig. 3). The values for the K—-O separations 
are within the limits found in previous work (e.g., Crowfoot, Bunn, e¢ al., ‘‘ The Chemistry of 
Penicillin,” Oxford Univ. Press, 1949, p. 347; Cox, Jeffrey, and Stadler, this vol., p. 1792). 
In Fig. 2 the peak representing the potassium ion is elongated, roughly in the direction of [101]. 
This feature, which persisted throughout the successive refinements, may signify that the way is 
open for the ion to vibrate more freely in this direction owing to the above-mentioned distortion 
of the octahedron of oxygen atoms. 

Fie. 5. 
Arrangement of potassium ions and ae groups. The potassium ions lie in the (200) planes ; the 
4 


carboxyl groups represented by heavy lines are on the nearer side, those represented by faint lines 
on the further side, of these planes. 
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To each pair of phenylacetate residues there also corresponds an acidic hydrogen atom. 
This atom can hardly be located elsewhere than between O(2) and O(2’), which are taken to be 
about 2°55 a. apart. This distance is not very exactly known because of the special difficulty of 
fixing the y-co-ordinate of O(2), but it is almost certainly less than 2°65 a. and therefore implies 
a strong hydrogen bond such as has been found in inorganic acid salts (Zachariasen, J]. Chem. 
Physics, 1933, 1, 634; West, Z. Krist., 1930, 74, 306), in some inorganic oxy-acids (Wells and 
Bailey, this vol., p. 1288), and in some dicarboxylic acids (e.g., Dunitz and Robertson, J., 1947, 
151). Allthe hydrogen bonds for which detailed information has hitherto been available appear 
to be unsymmetrical; the proton appears to be closer to one of the electronegative atoms than 
to the other (¢.g., cf. Pauling, ‘‘ The Nature of the Chemical Bond,” 1939, Chap. IX, and especially 
p. 281). The hydrogen bond in potassium hydrogen bisphenylacetate is of special interest in 
that, by direct crystallographic requirement, it appears to be symmetrical. This effect may 
be statistical, with the proton alternately in two positions of minimum energy on either side 
of the centre. On the other hand, Huggins (J. Phys. Chem., 1936, 40, 723) has suggested that 
such a double minimum occurs only in the longer and weaker bonds (for example, those in 
ice—2°75 a.), and that short hydrogen bonds may have a single position of minimum energy 
for the proton and be truly symmetrical when the environment is so (as here). This environ- 
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mental symmetry is achieved by supposing the system to be a resonance hybrid involving 
structures such as: 


eK 


The system should be considerably stabilised as a result. 

The crystal can also be described as having a layer structure, with sheets of phenylacetate 
residues (P) and of potassium and hydrogen atoms (KH) arranged parallel to (100) and in the 
order: P, KH, P, P, KH, P, . . . Ready cleavage parallel to this plane would be expected, as 
was observed. 

There is no evidence for the existence of discrete molecules, KH(C,H,O,),, and so no support 
for some of the constitutions formerly proposed for this type of compound. Acid salts like 
potassium hydrogen bisphenylacetate exist only as infinite layer structures in the solid state, and 
certainly break down into the free acid and the ions of the normal salt in dilute solution. (In 
very concentrated solutions there may be some tendency to form complex anions; cf. Smith and 
Speakman, Joc. cit., p. 1033.) There are however a few examples of acid salts that dissolve in 
non-polar solvents and seem to be genuine covalent compounds. It would be of great interest to 
know whether there is then any important difference in crystal structure, and such an investig- 
ation is being undertaken. 

In the preliminary stages of this analysis, the benzene ring was assumed to be a regular 
planar hexagon. The final structure (Table I) involved slight changes in co-ordinates, but not 
such as to distort the ring notably. Some of the more important interatomic distances derived 
from Table I are shown in Table IV. Two of the aromatic C-C bonds appear to be longer than 
the others, and it is just possible that this difference is significant. The highest refractive index 
was for light with its electrical vector vibrating nearly in the direction of [z]. This is consistent 
with the structure found, for the benzene rings are almost parallel to this axis. 


TaBLeE IV. 
Principal Interatomic Distances (A.). 

Atoms. Distance. Atoms. Distance. Atoms. Distance. Atoms. Distance. 
O(1)-O(2) 2-22 C(1)-C(2) 1-52 C(3)-C(4) 1-44 C(6)-C(7) 1-43 
cfh-ou) 1-18, C(2)-C(3) 1:57 C(4)-C(5) 1-39 C(7)-C(8) 1-36, 
C(1)-O(2) 1-24, C(1)-C(3) 2-55 C(5)-C(6) 1-36, C(8)-C(3) 1:38 

The lengths of the carboxylic C-O bonds shown in Table IV are somewhat shorter than might 
be expected. The uncertainty of these values is thought to be at least + 0°05 4. It is perhaps 
noteworthy that similarly low values for the C-O bond-lengths were found in the X-ray work on 
potassium benzylpenicillin (Crowfoot, Bunn, ef al., loc. cit.), whereas measurements on the 
sodium salt indicated apparently longer bonds. For the present compound the difference found 
between the lengths of C(1)—O(1) and C(1)—O(2) recalls the situation obtaining in the dimers of 
some carboxylic acids (Karle and Brockway, J. Amer. Chem. Soc., 1944, 66, 574), and may be 
genuine: the postulated structure requires the former bond to resemble the C-O bond in an 
ionised, and the latter the C—O bond in an un-ionised, carboxyl group. If this were so, a difference 
of length in the sense found would then be expected. 

The co-ordinates in Table I require the angle O(1)—C(1)—-O(2) to be about 132°, and 
C(1)-C(2)-C(3), 111°. The former value is anomalously high, but is subject to considerable 
uncertainty. 

Only two intermolecular carbon-carbon distances are less than 4°0 a. These are (a) that 
between the atoms C(7) of two benzene rings immediately to either side of the screw-axis at 
(4, y, 0), which is 3°7, a., and (6) that between C(5) and C(8) of rings related by the c-glide plane, 
which is 3°8 a. Since the intermolecular van der Waals distance is generally taken to be about 
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3°5 a. for aromatic carbon atoms (e.g., cf. Abrahams and Robertson, loc. cit., p. 255), the present 
structure seems to be an unusually open one. 


The author acknowledges the pleasure and profit he has derived from discussions with Professor 
J. M. Robertson, F.R.S., and with Dr. T. H. Goodwin. 
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702. Partial Asymmetric Synthesis in a Reformatsky Reaction. 
By Joan A. Rep and E, E. TURNER. 


When acetophenone, (—)-menthyl bromoacetate, and zinc interact in benzene solution, 
a partial ‘“‘ asymmetric reaction’ takes place, as is shown by the fact that the (—)-menthyl 
B-hydroxy-f-phenylbutyrate formed after acidification is hydrolysed to a (+)-rotatory f- 
hydroxy-f-phenylbutyric acid. Partial asymmetric synthesis can therefore occur during the 
addition of a dissymmetric reagent to a carbonyl group present in a molecule containing no 
“‘ fixed centre of asymmetry.” 


Tue classical researches of McKenzie and his school (J., 1904, 85, 1249, etc.; Evgeb. Enzymforsch., 
1936, 5, 49) showed that when a Grignard reagent, R’’"MgX, reacted with an «-keto-ester, 
R:CO-CO,R’, where R’ is “ optically active,” there took place what was later termed an 
“asymmetric reaction’ (Harris and Turner, Quarterly Reviews, 1948, 1, 299), that is, the two 
diastereoisomerides A and B were formed in unequal amounts : 

MgX ; R” 

A R—C—CO,R’ B R—C—CO,R’ 

” MgX 
Replacement in the parent hydroxy-ester of the active group R’ by hydrogen gave unequal 
quantities of the free (+-)- and (—)-hydroxy-acids, so that the whole process was an ‘‘ asymmetric 
synthesis ’’ in the original definition of the term. McKenzie was inclined to favour an explanation 
involving “induced asymmetry ” in the carbonyl group undergoing reaction. Kenyon and 
Partridge (J., 1936, 1313) took the view that collisions between molecules of the Grignard 
reagent and molecules of the keto-ester which led to one diastereoisomeric intermediate (e.g. A) 
were more likely to occur than those leading to the other, adding that “it is a difference in 
energy associated with the diastereoisomeric intermediate products which is responsible for the 
one-sided addition.’”” Other considerations are, however, probably involved. 

In the reaction between the Grignard reagent and the keto-ester, the two diastereoisomerides 
are admittedly formed in unequal quantities. Since, however, they are not interconvertible, 
mechanistic differentiation must be sought at the stage of the two corresponding transition 
states, from which they are formed irreversibly. The two transition states, A’ and B’, (1) 
must have different energies, since they are of the nature of diastereoisomerides, and (2) are 
formed reversibly from the reactants. We thus have a mechanism whereby the route with the 
lower activation energy can be followed preferentially and an “‘ asymmetric reaction ”’ is possible. 
The process can be represented 


R'MeX + R-CO-CO,R 
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The “ equilibrium ”’ between the two transition states bears a formal resemblance to that between 
two diastereoisomerides undergoing first-order asymmetric transformation. 

So far, an asymmetric reaction of the general type under discussion (i.e., the addition of an 
organometallic compound to a carbonyl group) has only been observed when the “ fixed centre 
of asymmetry ”’ is in one of the groups attached to the carbonyl group, but two diastereoisomeric 
states corresponding to A’ and B’ could be predicted if there were an “ optically active ” group 
in the organometallic reactant and none in the carbonyl compound, provided the final stage 
in the synthesis leads to a new and formally asymmetric carbon atom. Such an “asymmetric 
reaction ”’ could not be explained on the grounds of induced asymmetry in the carbonyl group, 

We have accordingly examined the interaction of acetophenone with (—)-menthyl bromo- 
acetate in benzene solution in the presence of zinc (Reformatsky reaction). Hydrolysis of the 
total (—)-menthyl #-hydroxy-$-phenylbutyrate formed gave a (+)-rotatory specimen of 
6-hydroxy-$-phenylbutyric acid. The experimental reproducibility of the result is shown by 
the following table, which gives the results of representative experiments. 


wn ee Zinc, Yield Concn. 
g. Benzene, Reaction of acid, [a]?,,* [a]25. (in 
(g. “mol ). (g. sm ). (g.-mol.). ml. conditions. g. ( %). +0-05°. EtOH). 
, 30 Reactants mixed at once. 2-35 2-57° 2- 11-75 
Boiled for 43 hours. 65 
Reactants mixed at once. 1-80 2-31 f 9-00 
Boiled for 3} hours. 50 
Ester added during 3hours. 1-975 2-43 i’ 9-88 
Boiled for 4 hours. 55) 
Ester added during lhour. 2- 2-40 2- 10-13 
Boiled for 9} hours. 
Mixed at once. 2: 2-47 2- 10-35 
Boiled for 104 hours. 
Large scale experiment. 2-34 2-64 9-10 
Ester added during 7} hours. (53) 
Boiled for 4 hours. 3-01 3-38 22-05 


* All rotations are positive. 


The two transition states and the two antepenultimate products in this asymmetric 
synthesis may be expressed as below : 


g- 
CoH GOLCH 














C,H0,C-CH; O2nBr BrZn0 CH; CO;C,H, 


The somewhat low yield (50—65%) may be attributed (cf. Hussey and Newman, J. Amer. 
Chem. Soc., 1948, 70, 3024) to loss of material by the side-reaction : 


C,H,-CO-CH, => C,H,-C=CH, —BS2™CHrC0rCiHs 





H,O H 


_———av oe 
+ CHgCO,gC Hy, 
*ZnBr 





Acetophenone and acetic acid were in fact identified in the reaction product. Details of the 
synthesis are given in the experimental section. Care was naturally taken that no hydroxy-acid 
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was lost during the process. It may be noted that no interconversion of (+-)- and (—)-forms 
could have occurred at the hydrolysis stage, since the new asymmetric carbon atom is not in the 
a-position with respect to the ester grouping. 
The degree of asymmetric reaction (i.e., the specific rotation of the product) showed no 
appreciable dependence on reaction conditions, such as the rate of mixing or the volume of solvent. 
The specific rotation in ethyl alcohol of the 6-hydroxy-$-phenylbutyric acid obtained was 
only slightly increased by crystallisation from light petroleum : 


(a]éteo- [a)sfe1- C. 
{ +2-67° +3-02° 15-13 
+2-34 +2-64 9-10 
: : ° +2-79 +3-15 14-35 
Crystallised acid (m. p. 69—71°, indef.) 12-44 12.73 7-74 
As is seen from these figures, the specific rotation varies appreciably with concentration. 

Racemic $-hydroxy-$-phenylbutyric acid was synthesised by the Reformatsky reaction 
from acetophenone and ethyl bromoacetate. It melted at 71—72°. Arbusov (J pr. Chem., 
1901, (ii), 64, 553), who described it as being formed by the oxidation of phenylmethylallyl- 
carbinol, recorded m. p. 50—53°. 


Crude acid 


EXPERIMENTAL. 


M. p.s are uncorrected. Most analyses are by Drs. Weiler and Strauss. Rotations were measured 
in all-glass water-jacketed tubes at 25° + 0-01°, the length being 2 dm. unless otherwise stated. 

(—)-Menthyl Bromoacetate.—(a) A mixture of bromoacetic acid (70 g., 0-05 g.-mol.) and menthol (300 g., 
1-93 g.-mols.) was heated in the presence of dry hydrogen bromide for 8 hours at 100°. An ethereal 
solution of the reaction mixture was washed with 10% sodium carbonate solution and then with water, 
and dried (Na,SO,). (—)-Menthyl bromoacetate, containing a trace of menthol, was obtained from this 
solution by distillation ; it had b. p. 108—116°/2—3 mm. (yield, 76-2 g.,55%). After one crystallisation 
from light petroleum (b. p. 40-60") (—)-menthyl bromoacetate was obtained as needles, m. p. 18-5— 

19-5°, [aJ#,9 —68-3° +0-2°, [a}28,, —77-4° +0-2° (c, 2-5 in chloroform) (Found: C, 52-6; H, 7-77; Br, 
28-3. Calc. for C,.H.20,Br: C, 52-0; H, 7: 65: Br, 28-8%). The ester has been described hitherto as a 
liquid. 

. (b) (Cf. Smiles, J., 1905, 87, 454.) A solution of bromoacetic acid (78 g., 0-56 g.-mol.) in thionyl 
chloride (55 ml.) was boiled under reflux for 2} hours, the reaction mixture then being distilled through 
a packed column; the bromoacetyl chloride had b. p. 121—125° (yield, 69 g., 78%). Menthol (67 g., 
0-43 g.-mol.) was added to bromoacetyl chloride (67 g., 0-425 g.-mol.) at room temperature with shaking. 
After 15 minutes the reaction mixture was slowly warmed to 100° and kept at that temperature for 
20 minutes. (—)-Menthyl bromoacetate, b. p. 136°/8 mm. (yield, 96-5 g., 82 qe)» was isolated as in (a) ; 
after one crystallisation it had [a]?5,. —68-9° +0-2°, [a]25., —78-0° +0 “2°, [a] 67-9° +0-8° (c, 2-5 in 
chloroform) (Found: C, 52-1; H, 7-88; Br, 29-0. Calc. for C,,H,,0,B : C, 52-0; H, 7-65; Br, 28-8%). 

Partial Asymmetric Synthesis of p-Hydroxy- B- phenylbutyric “4 cid. se solution of (—)-menthyl bromo- 
acetate (30-47 g., 0-11 g.-mol.) in benzene (]0 ml.) was added dropwise with mechanical stirring, durin 
7} hours, to a boiling solution of acetophenone (13-2 g., 0-11 g.-mol.) in benzene (50 ml.; thiophen-free 
in the presence of zinc needles (10-8 g., 0-165 g.-atom). Boiling and stirring were continued for a further 
4 hours after addition was completed. The reaction mixture was kept overnight at room temperature, 
and finally the liquid was decanted from unreacted zinc (3-68 g., 0-0564 g.-atom) which was washed with 
ether and water. The combined liquids were treated with ice (25 g.) and 5Nn-sulphuric acid (100 ml.). 
The aqueous layer was extracted with ether (1 x 100, 2 x 50 ml.); the combined ether extracts and 
benzene solution were washed with water (3 x 25 ml.) and dried (Na,SO,). Concentration of this solution 
to dryness, finally under reduced pressure, gave 33-32 g. of a yellow oil which solidified when kept. This 
product had a bromine content of 1-71%, corresponding to 1-98 g. of unchanged (—)-menthyl bromo- 
acetate. The product was hydrolysed in 2 portions, each using 15-15 g. of “‘ester’’ (corresponding to the 
product obtained from 0-05 g.-mol. of (—)-menthyl bromoacetate). 

(a) The product (15-15 g.) was boiled under reflux with 2-5n-potassium hydroxide (25 ml.; 0-0625 
g.-mol. of potassium hydroxide) and ethyl alcohol (50 ml.) for 4 hours. $-Hydroxy-f-phenylbutyric 
acid was isolated (as described below) as an oil (yield, 4-735 g.; 53%), which solidified on a prolonged 
standing. This had [a]35,. +3-01° +0-05°, [a}25,, +3-38° +0- 05° (c, 22-05 in alcohol); [a]?5,, +2: 34° 
+0-05°, [a]?5,, +2-64° TO: “05° (c, 9-1 in alcohol) (Found: M (by titration), 181. Cole. for om 
M, 180). 

(b) The condensation product (15-15 g.) was boiled under reflux with N-potassium hydroxide (62-5 ml., 
0-0625 g.-mol. of potassium hydroxide) and ethyl alcohol (30 ml.) for 17 hours; at the end of the hydrolysis 
there were still two layers whereas in (a) a clear solution had been obtained. - Hydroxy- B-phenylbutyric 
acid (yield, 4-365 g., 49%) was obtained as in (a), and had [a] 0 +2- -73° +0-05°, (alte tag. + 3°06° +0-05° 
(c, 15-75 in alcohol) (Found : C, 66-4; H, 7-04. Calc. forC,,H,,0,: C, 66-7; H, 6-7 1). 

Systematic Examination of the Products of Hydrolysis.—The product from 0-05 g.-mol. of (—)-menthyl 
bromoacetate was boiled with aqueous alcoholic potassium hydroxide (see above); finally the alcohol 
was removed by distillation, the residue then being extracted with ether (1 x 50, 5 x 25 ml.) to 
remove neutral compounds. The ethereal extract was concentrated to dryness, and the 9-73 g. of oil 
left were steam-distilled. A small amount (0-04 g.) of non-steam-volatile residue was extracted by means 
of ether, and gave, in alcohol (15 ml.), a33,, —0-07°, az3,, —0-08°. This oil was not soluble in alkali, nor 
was it hydrolysed further by boiling with alkali. The steam-volatile material was a mixture of menthol 
andacetophenone. From 4-87 g. of neutral products 2-1 g. of acetophenone 2 : 4-dinitrophenylhydrazone, 


oH 2,0. 3° 
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m. p. 239—240°, were obtained ; crystallised from aqueous acetic acid, this had m. p. 242—243° (decomp.). 

The aqueous alkaline solution (after removal of the neutral products as above) was acidified with 
5n-sulphuric acid and the £-hydroxy-f-phenylbutyric acid extracted with ether (1 x 50, 3 x 20 ml). 
The ethereal extract was washed with water (3 x 20 ml.), dried (Na,SO,), and concentrated to dryness, 
thereby giving the products described above. The acid aqueous layer (after extraction of B-hydroxy-p- 
phenylbutyric acid) was optically inactive. Steam-distillation gave acetic acid, requiring 11-8 mi. of 
N-KOH for neutralisation (to thymol-blue). 

Preparation of (+)-B-Hydroxy-B-phenylbutyric Acid.—A solution of ethyl bromoacetate (3-34 g., 
0-02 g.-mol.) and acetophenone (2-88 g., 0-024 g.-mol.) in benzene (15 ml.) was boiled under reflux in the 
presence of zinc (1-31 g., 0-02 g.-mol.) for 1} hours. The condensation product (4-365 g.) obtained as in 
the above example, was hydrolysed by boiling under reflux with 2-5N-potassium hydroxide (10 ml.; 
0-025 g.-mol. of potassium hydroxide) and ethyl alcohol (25 ml.). The product of hydrolysis was worked 
up as in the above experiment and £-hydroxy-f-phenylbutyric acid (yield, 2-355 g.; 65%) was obtained 
as an oil which solidified when kept. On crystallisation from light petroleum (b. p. 100—120°) needles 
were obtained, m. p. 71—72° (Found: C, 66-7; H, 6-85. Calc. for CysH,,0,: C, 66-7; H, 6-71%). 


This work was made possible by the receipt of grants from the Department of Scientific and Industria] 
Research and from Imperial Chemical Industries Ltd. 


UNIVERSITY OF LONDON (BEDFORD COLLEGE). [Received, September 5th, 1949.] 





703. The Condensation of Aliphatic Diketones with Hex-1-yne. 
By J. CymMERMAN and (Miss) P. Rows-Smitu. 


Condensations have been effected between hexynylmagnesium bromide and diacetyl, 
acetonylacetone, and cyclohexane-| : 4-dione, giving the expected diacetylenic glycols (I), (II), 
and (III) in excellent yields. Their structures have been proved by complete hydrogenation 


to the saturated glycols (IV), (V), and (VI), of which (IV) and (V) have also been prepared by 
independent syntheses. 


ALTHOUGH there exists an abundant literature dealing with the condensation of acetylene with 
both saturated and unsaturated carbonyl compounds (cf. Johnson, “‘ The Chemistry of the 
Acetylenic Compounds,” London, 1946), no such condensations with dicarbonyl compounds 
have been reported. Dane (Amnalen, 1938, 536, 195) reports failure to obtain the required 
diacetylenic glycol from ethynylmagnesium bromide and cyclopentane-1 : 2-dione. Similarly, 
there exist very few reports of the reaction of substituted acetylenes with dicarbonyl compounds. 
Wilson and Hyslop (J., 1923, 2612; 1924, 1556) obtained the diacetylenic glycols from phenyl- 
acetylenylmagnesium bromide and diacetyl or acetonylacetone, but report failure to condense 
this Grignard reagent with acetylacetone, benzil, or dibenzoylethylene, and octadec-1l-ynyl- 
magnesium bromide was condensed with the long-chain diketone, dodecane-3 : 18-dione, by 
Meyer (Helv. Chim. Acta, 1937, 20, 1179) to give the expected diacetylenic diol. 

While our work was in progress, Milas, Brown, and Phillips (J. Amer. Chem. Soc., 1948, 70, 
2862) described the condensation of acetylene with diacetyl and acetonylacetone to give the 
expected diacetylenic glycols. Work on the preparation of such glycols is proceeding in our 
laboratories and the results will be published in due course. Meanwhile the condensation of the 
substituted acetylene, hex-l-yne, with three simple aliphatic diketones has been studied. 

When hexynylmagnesium bromide (3 moles; Cymerman, Heilbron, and Jones, J., 1944, 146) 
reacted with diacetyl (1 mole) in boiling ether, the expected 7 : 8-dimethyltetradeca-5 : 9-diyne- 
7: 8-diol (I) was obtained in 96% yield. The product contained 2 active hydrogen atoms 
(Zerewitinoff), and absorbed 4 moles of hydrogen on quantitative hydrogenation. It showed 
no appreciable light absorption in the ultra-violet region. Evidence for the «8-glycol structure 
was supplied by reaction with lead tetra-acetate (Criegee, Annalen, 1930, 481, 275; Ber., 1931, 
64, 260) which afforded the known oct-3-yn-2-one (VII). Apparently the only reported use of 
lead tetra-acetate for fission of an acetylenic 1 : 2-glycol is due to Ruzicka, Plattner, and Widmer 
(Helv. Chim. Acta, 1942, 25, 1086) who obtained the acid (VIII) by fission of the diol (IX). 


(I.) CH,(CH,],*C?C-CMé(OH)-CMe(OH)-CiC-(CH,],°CH, CH,*(CH,],"C:C-CO-CH, (VII) 
(IX.) CH,*CiC-[CH,],-CH(OH)-CH(OH)-[CH,],"C:C-CH, CH,y’CiC-(CH,],,CO,H_ (VIII) 
Hydrogenation of the glycol (I) afforded 7 : 8-dimethyltetradecane-7 : 8-diol (IV) which was 

also synthesised from methyl] hexyl ketone by an adaptation of the method of Adams and Adams 


(Org. Synth., Coll. Vol. I, p. 459). This material, a viscous oil, could not be induced to crystallise, 
probably owing to its existence in meso- and racemic modifications. 
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Condensation of hexynylmagnesium bromide with acetonylacetone gave an 80% yield of 
7 : 10-dimethylhexadeca-5 : 11-diyne-7 : 10-diol (II) which closely resembled (I) in behaviour. 
Complete hydrogenation of (II) gave 7: 10-dimethylhexadecane-7 : 10-diol (V), solidifying on 
storage to crystals (m. p. 32°) which must be a stereochemically pure form of the compound. 


CHy"(CHy]5°C?C-CMe(OH)-(CH,),*CMe(OH)-CiC-[CH,],°CH, CH,*(CH,},-CMe(OH)-*CMe(OH)-(CH,),-CH, 
(II.) (IV.) 


edie 
CH,:(CH,],-CMe(OH)-[CH,],*CMe(OH)-[CH,],°CH, CH <M 
(V.) CHis \/ ~CoHis 
(X.) O 


This was also synthesised in quantitative yield by the action of hexylmagnesium bromide on 
acetonylacetone. 

The preparation of substituted tetrahydrofurans from aé-glycols is well known, and 
dehydration of the glycol (V) by means of potassium hydrogen sulphate afforded 2 : 5-dimethyl- 
2 : 5-di-n-hexyltetrahydrofuran (X), which was also obtained as a by-product in the distillation of 
(V) obtained by hydrogenation of (II). 

The interesting cyclic diketone, cyclohexane-1: 4-dione, was condensed with hexynyl- 
magnesium bromide to give a quantitative yield of the crystalline 1 : 4-dihex-1'-ynylcyclo- 
hexane-1 : 4-diol (III). Purification afforded evidence of two stereoisomeric forms, only one of 
which (m. p. 88—89°) could be isolated pure, the other (m. p. 73—-75°) being readily converted 
into the stable higher-melting form during repeated recrystallisation. Hydrogenation of the 
glycol (m. p. 88—89°) yielded 1 : 4-di-n-hexylcyclohexane-1 : 4-diol (VI) as a pure stereomer, 


CHy[CH,]sC:C\ OH C.His\ _/OH 
H,c’ ‘CH, HC” 


H, 
| 


(III.) (VI.) 


H,C\ CH, H,C\_/CH, 
CH,-(CH,],C:C” OH C,H,,“ ‘OH 


m. p. 98—99°, in excellent yield. Attempted synthesis of (VI) from m-hexylmagnesium bromide 
and cyclohexane-1 : 4-dione gave only an uncrystallisable oil; this behaviour is not surprising 
since the compound must exist as a mixture of racemic and meso-forms. 


EXPERIMENTAL, 


7 : 8-Dimethyltetradeca-5 : 9-diyne-7 : 8-diol (I).—A solution of hex-l-yne (29-5 g.) in ether (150 c.c.) 
was added to an ethereal solution of ethylmagnesium bromide (from 7-2 g. of magnesium), and the 
mixture refluxed for 3 hours. A solution of diacetyl (8-6 g.) in ether (100 c.c.) was dropped into the 
cooled reaction mixture in a nitrogen atmosphere, after which the whole was refluxed with stirring for 
4 hours and then set aside overnight. The complex was decomposed by the addition of ammonium 
chloride solution (ice), the aqueous layer acidified to Congo-red with dilute sulphuric acid (10%), and the 
product isolated in the usual manner by extraction with ether. Distillation of the washed and dried 
ethereal extracts afforded 7 : 8-dimethyltetradeca-5 : 9-diyne-7 : 8-diol (24-3 g., 96%) as a colourless 
pleasant-smelling oil, b. p. 94—95°/0-01 mm., 113°/0-08 mm., n# 1-4746 (Found: C, 77-1; H, 10-55. 
C,,H,,O0, requires C, 76-8; H, 10-5%). Active hydrogen (Zerewitinoff) : the glycol (97-1 mg.) evolved 
18-9 c.c. of methane at 24°/757 mm., equivalent to 2-0 active hydrogen atoms per mol. It showed no 
light absorption of appreciable intensity in the ultra-violet region (2150—3500 a.). 

Quantitative hydrogenation. A ‘solution of the glycol (247 mg.) in methyl acetate (25 c.c.), shaken 
with platinic oxide (25 mg.) and hydrogen until absorption ceased, absorbed 98 c.c. of hydrogen at 
28°/755 mm., equivalent to 4-0 double bonds per mol. 

Oct-3-yn-2-one.—A solution of the above glycol (2 g.) in dry benzene (50 c.c.) was treated with glacial 
acetic acid (5 drops) and lead tetra-acetate (5-5 g.). The mixture was set aside for 48 hours at room 
temperature, and unused lead tetra-acetate then decomposed by addition of water. Precipitated lead 
peroxide was filtered off and the filtrate extracted with ether. Removal of solvent from the washed and 
dried extracts left a residue of oct-3-yn-2-one (0-4 g., 20%) as a colourless liquid, b. p. 100—102°/35 mm.., 
n?2 1-4465 (Kroeger and Nieuwland, J. Amer. Chem. Soc., 1936, 58, 1861, give b. p. 76—77-5°/15 mm., 
n# 1-4446). The 2: 4-dinitrophenylhydrazone had m. Pp. 87—-88°, undepressed on admixture with an 
authentic specimen (Bowden, Heilbron, Jones, and Weedon, J., 1946, 43; m. p. 87—88°). 

._ 7: 8-Dimethyltetradecane-7 : 8-diol_—(a) A solution of 7 : 8-dimethyldeca-5 : 9-diyne-7 : 8-diol (2-5 g.) 
in methyl acetate (100 c.c.) was shaken with platinic oxide (100 mg.) and hydrogen until absorption 
ceased. The catalyst was filtered off and the sclvent removed, leaving a residue of 7 : 8-dimethyltetra- 
decane-7 : 8-diol (2-25 g., 90%) as a colourless viscous oil, b. p. 114°/0-02 mm., n? 1-4560 (Found: C, 
74:0; H, 13-6. C,,.H;,0, requires C, 74-3; H, 13-25%). Active hydrogen (Zerewitinoff): the diol 
(56-6 mg.) evolved 11-0 c.c. of methane at 29°/758 mm., equivalent to 2-0 active hydrogen atoms per mol. 

(6) A solution of mercuric chloride (4-5 g.) in dry ether was added gradually to magnesium (4 g.) 

10H 
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covered with a solution of methyl hexyl ketone (15 g.) in dry benzene (40 c.c.), and the mixture refluxed 
for 6 hours with frequent shaking. The reaction mixture was set aside overnight and filtered from 
magnesium, the solid being returned to a flask and refluxed for 10 minutes with benzene-ether (25 c.c.; 
1: 1) which was then filtered. The combined filtrates were dried and the solvent removed, leaving a 
residue of 7 : 8-dimethyltetradecane-7 : 8-diol (10 g.,66%) asa colourless viscous liquid, b. p. 112°/0-02mm., 
116°/0-05 mm., n> 1-4556. Attempted distillation at 2 mm. resulted in extensive dehydration. Active 
hydrogen (Zerewitinoff) : the diol (61-0 mg.) evolved 11-8 c.c. of methane at 27°/760 mm. (2-0 active 
hydrogen atoms per mol.). 

7: 10-Dimethylhexadeca-5 : 11-diyne-7 : 10-diol (II).—Condensation of hexynylmagnesium bromide, 
from hex-l-yne (24-5 g.) and magnesium (7-2 g.), with acetonylacetone (11-4 g.) in ether (400 c.c.) by 
the method described above afforded 7 : 10-dimethylhexadeca-5 : 11-diyne-7 : 10-diol (22-2 g., 80%) asa 
colourless viscous liquid, b. p. 131—132°/0-01 mm., n#} 1-4800 (Found: C, 78-3; H, 10-9. C,,H,0O, 
requires C, 77-75; H, 10-85%). Active hydrogen (Zerewitinoff) : the diol (95-5 mg.) evolved 16-7 c.c. of 
methane at 20-5°/752 mm. (2-0 active hydrogen atoms per mol.). It showed no light absorption of 
appreciable intensity in the ultra-violet. Quantitative hydrogenation : a solution of the glycol (379 mg.) 
in methyl acetate (25 c.c.), shaken with platinic oxide (25 mg.) and hydrogen until absorption ceased, 
absorbed 94 c.c. of hydrogen at 22°/758 mm. (3-9 double bonds per mol.). 

7 : 10-Dimethylhexadecane-7 : 10-diol.—(a) A solution of 7: 10-dimethylhexadeca-5 : 11-diyne-7: 10- 
diol (3-2 g.) in methyl acetate (120 c.c.) was shaken with platinic oxide (25 mg.) and hydrogen until 
absorption ceased. Removal of the catalyst by filtration and distillation of the residue afforded 2 
fractions: (i) 2: 5-dimethyl-2 : 5-di-n-hexyltetrahydrofuran (0-4 g., 13%), b. p. 88°/0-006 mm., n? 
1-4550, as a pale yellow mobile liquid (see below), and (ii) 7 : 10-dimethylhexadecane-7 : 10-diol (1-6 g., 
50%) as a colourless very viscous oil, b. p. 120°/0-006 mm., ? 1-4600, which on storage solidified to 
give white needles, m. p. 30—32° (Found: C, 75-45; H, 13-8. C,,H 3,0, requires C, 75-45; H, 13-4%). 
Active hydrogen (Zerewitinoff): the diol (42-8 mg.) evolved 7-7 c.c. of methane at 23°/764 mm., 
equivalent to 2-1 active hydrogen atoms per mol. 

(b) A solution of n-hexylmagnesium bromide, from n-hexyl bromide (8 g.) and magriesium (1-15 g.) 
in ethér (50 c.c.), was cooled to 0° (ice) and treated with a solution of acetonylacetone (2-28 g.) in ether 
(50 c.c.). The mixture was refluxed for 10 hours and set aside overnight. Isolation of the product as 
described above afforded 7 : 10-dimethylhexadecane-7 : 10-diol (5-7 g., 99%) as a colourless very viscous 
oil, b. p. 131—133°/0-02 mm., n?$ 1-4606, which on storage solidified to white needles, m. p. 30—31°, 
undepressed on admixture with the specimen obtained above. 

2 : 5-Dimethyl-2 : 5-di-n-hexyltetrahydrofuran.—A mixture of 7: 10-dimethylhexadecane-7 : 10-diol 
(0-68 g.) and freshly powdered potassium hydrogen sulphate (1 g.) in a small Claisen flask was maintained 
at 180—190° (bath temperature) for 1-5 hours under a vacuum of 20 mm. Distillation of the product, 
using an oil pump, afforded 2 : 5-dimethyl-2 : 5-di-n-hexyltetrahydrofuran (0-4 g., 66%) as a pale yellowish 
mobile liquid possessing a pleasant odour, b. p. 128°/0-3 mm., nf 1-4551 (Found: C, 80-55; H, 13-8. 
C,,H;,0 requires C, 80-55; H, 13-5%). The compound showed no active hydrogen by the Zerewitinoft 
method. 

1 : 4-Dihex-1’-ynylcyclohexane-1 : 4-diol (III).—Condensation of hexynylmagnesium bromide, 
from hex-l-yne (24-5 g.) and magnesium (7-2 g.) in ether (250 c.c.), with cyclohexane-1 : 4-dione (10-2 g., 
purified by sublimation at 80—90°/0-02 mm.) in dry ether—benzene (150 c.c.; 1:1) was effected by the 
method described above. Addition of dry benzene (100 c.c.) was necessary to dissolve the white 
magnesium complex formed. Isolation of the product in the usual manner gave a white solid (24-5 g.), 
m. p. 67—71°, which on crystallisation from light petroleum (b. p. 60—80°) afforded white needles 
(18-5 g., 74%) of 1 : 4-dihex-1’-ynylcyclohexane-1 : 4-diol, m. p. 88—89° (Found: C, 78-25; H, 9-95. 
C,,H,,O0, requires C, 78-2; H, 10-2%). Active hydrogen (Zerewitinoff) : the diol (97-7 mg.) evolved 
16-5 c.c. of methane at 22°/758 mm. (1-95 active hydrogen atoms per mol.). It showed no light absorption 
of appreciable intensity in the ultra-violet region. 

1 : 4-Di-n-hexylcyclohexane-1 : 4-diol.—A solution of 1 : 4-dihex-1’-ynylcyclohexane-1 : 4-diol (0-24 g.) 
in methyl acetate (25 c.c.), shaken with hydrogen in the presence of platinic oxide (25 mg.) until absorption 
ceased, absorbed 88 c.c. of hydrogen at 27°/750 mm., equivalent to 4-0 double bonds per mol. The 
catalyst was filtered off and removal of solvent left a residue of 1 : 4-di-n-hexylcyclohexane-1 : 4-diol 
(0-22 g., 88%), crystallising from light petroleum (b. p. 60—80°) in white plates, m. p. 98—-99° (Found : 
C, 75-55; H, 12-9. C,,H;,0O, requires C, 76-0; H, 12-75%). Active hydrogen (Zerewitinoff): the 
diol (25-4 mg.) evolved 4-3 c.c. of methane at 23-5°/767 mm. (2-0 active hydrogen atoms per mol.). 
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704. The a- and the B-Form of 2:3: 4: 6-Tetra-acetyl p-Galacto- 
pyranose Anilide. 


By K. Butter, F. Smitu, and M. Stacey. 


Acetylation of p-galactose anilide under the appropriate conditions gives the a- and the 
B-pyranose form of 2 : 3: 4: 6-tetra-acetyl p-galactose anilide. It has also been found that the 
a-form may be made by treatment of 2:3:4:6-tetra-acetyl p-galactose with alcoholic 
aniline, while the B-form is produced by reaction of 2:3: 4: 6-tetra-acetyl a-p-galacto- 
pyranosyl bromide with aniline. The two isomers are interconvertible, and removal of the 
aniline group from each of them by the agency of formic acid gives 2: 3 : 4: 6-tetra-acetyl 
p-galactose. 


SuGaAR anilides and methylated sugar anilides usually display mutarotation (Irvine and McNicoll, 
J., 1910, 97, 1450; Sorokin, J. pr. Chem., 1888, 37, 292). It has been recognised that this 
phenomenon is probably due to the existence in solution of more than one form of the anilide, 
but the structural changes which are accompanied by mutarotation have not been ascertained 
because the isomeric anilide formed during mutarotation has never been isolated. It would, 
therefore, appear that that form of the anilide produced during mutarotation is stable only in 
solution. Support and illustration of this follows from the fact that removal of solvent from the 
solution of an anilide which has attained equilibrium regenerates the original anilide, and unless 
the anilide is sensitive to traces of water, the mutarotation and regeneration may be repeated 
indefinitely. 

It should be noted, in this connection, that p-ribose affords two anilides, one of which is said 
to have a pyranose and the other a furanose structure; the former may be converted into the 
latter in boiling alcohol (Lee, e¢ al., J. Org. Chem., 1946, 11, 75; U.S.P. 1945, 2,384,102, 
2,384,103, 2,384,104; Howard et al., J., 1946, 855). The mutarotation of anilides, however, 
cannot be due solely to an equilibrium between furanose and pyranose forms, because those 
anilides which cannot have a furanose structure such as 2:3: 4: 6-tetramethyl D-galactose 
anilide also exhibit mutarotation (Haworth and Leitch, J., 1918, 113, 197). 

p-Galactose anilide behaves like its 2 : 3: 4 : 6-tetramethyl derivative in that it exists only in 
a single crystalline form which displays mutarotation in suitable solvents and can be recovered 
from the equilibrium solution as the original crystalline substance. Although conditions have 
not been ascertained for isolating the second form of galactose anilide present in an equilibrium 
solution, this work shows that acetylation enables the mutarotation to be arrested and two 
crystalline forms of tetra-acetyl D-galactose anilide to be separated. The evidence in favour of 
assigning pyranose structures to these two forms is based upon the following experimental 
facts : D-galactose anilide (which is probably the $-isomer since it shows an upward mutarot- 
ation), prepared by boiling D-galactose with methyl-alcoholic aniline (Irvine and McNicoll, 
loc. cit.), gives, on acetylation with an excess of a mixture of acetic anhydride and pyridine 
either at room temperature or on warming, a crystalline tetra-acetyl D-galactose anilide, m. p. 
176°, [«]?? +238° (in pyridine), designated the A-form. When the acetylation of p-galactose 
anilide is carried out with the calculated amount of acetic anhydride in pyridine solution at 
—5°, there is produced an isomeric crystalline tetra-acetyl galactose anilide, m. p. 121°, [a]}* 
— 58° (in pyridine), called the B-form. Catalytic deacetylation of either the A- or the B-form 
of the anilide by Zemplén’s method (Ber., 1923, 56, 1705; 1926, 59, 1258; 1936, 69, 1827) gives 
rise to the original D-galactose anilide. 

The B-form may be transformed into the A-form by treatment with a mixture of pyridine 
and acetic anhydride at room temperature. Furthermore, each of the two forms undergoes 
mutarotation in moist pyridine to give a mixture of both, which can be separated by fractional 
crystallisation. These transformations are shown in the scheme below. 

When either the A- or the B-form is warmed with 0°5% formic acid in aqueous alcohol or 
aqueous acetone there is formed in good yield the characteristic crystalline 2 : 3: 4 : 6-tetra- 
acetyl 8-p-galactopyranose. In the absence of acyl migration, which seems most improbable, 
this observation indicates that both the A- and the B-form of the anilide have the pyranose 
configuration. Further evidence for this conclusion follows from the fact that treatment of 
2:3:4: 6-tetra-acetyl D-galactopyranose with alcoholic aniline yields the A-form of the anilide, 
while the reaction of 2: 3: 4: 6-tetra-acetyl «-D-galactopyranosyl bromide with aniline gives 
the B-form. Since acetobromo-sugars normally yield $-glycosides, it is concluded that the 
B-form must be 2 : 3 : 4 : 6-tetra-acetyl B-D-galactopyranose anilide, from which it follows that the 
A-form must be the «-anilide. 
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The transformation of one acetylated anilide into the other is a common phenomenon in the 
mono- and the di-saccharide series (Frérejacques, Compt. rend., 1937, 204, 1480). The facility 
of the conversion is analogous to the ease with which the «- and the $-form of 3 : 6-anhydro- 
methylglucopyranoside can be transformed into the corresponding «- and $-forms of 3 : 6-anhydro- 
methylglucofuranoside (Haworth, Owen, and Smith, J., 1941, 88); the transformation also 
recalls the rapid conversion of the a-form of 2 : 4-dimethyl 3 : 6-anhydromethylgalactopyrano- 
side into the §-form of the same sugar which is effected by traces of acids (Haworth, Jackson, 
and Smith, J., 1940, 620). It seems not unlikely that in all these cases there is an intermediate, 
unstable, open-chain form in which C,,, carries a positive charge. 


Veneers B-p-Galactose anilide a 
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2:3: 4: 6-Tetra-acetyl Moist pyridine 


2:3: 4: 6-Tetra-acetyl 
a-D-galactose anilide. 


B-p-galactose anilide. 











(A form) (B form) 
Alcoholic aniline 0-5% Formic acid x: [sm 
CH,"OAc CH,OAc 
AcO 0. OH — o. H 
OAc #H Ka H 
| INS | 
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2:3:4: 6-Tetra-acetyl 2:3:4: 6-Tetra-acetyl 
B-p-galactopyranose. a-D-galactopyranosyl bromide. 


While the curious transformation observed in the 3 : 6-anhydro-derivatives of glucose and 
galactose is suggested to be due in part to the steric effect of the 3 : 6-anhydro-ring and to the 
formation of a positive carbonium ion at C,,, the new phenomenon of the occurrence of two 
isomeric anilides with the same ring structure recorded in this paper may be due partly to the 
influence of the electrophilic aromatic secondary amine group and also to the induced stability 
of the groups at C,,, due to the steric effect of the acetyl groups. 


EXPERIMENTAL. 


D-Galactose Anilide——(a) A suspension of galactose (10 g.) in methyl alcohol (300 c.c.) containing 
aniline (10 c.c.) was boiled for 4 hours. During this process the galactose dissolved. Removal of 
the solvent by distillation in a vacuum followed by recrystallisation of the residue from methyl alcohol 
gave p-galactose anilide (10-4 g.), m. p. 151—153° (decomp.). 

(6) A solution of aniline (1 g.) in ethyl alcohol (5 | was mixed with a solution of galactose (1 g.) 
in water (10 c.c.), the pH of which had been adjusted to 3—5 by addition of 0-01N-sulphuric acid. After 
being kept at room temperature for 4 days, the solution deposited crystals of D-galactose anilide, which 
when filtered off, washed with methyl alcohol, and dried (0-92 g.), had m. p. 157—159° (decomp.). 

The anilide showed [a]}® —114-7° initial value (c, 5-4 in dry pyridine) changing in 48 hours to —56°. 
Removal of the solvent from the equilibrium solution left a colourless syrup which showed [a]}? —53° 
initial value (c, 5-4 in pyridine) changing to —55-3° in 3 days. Trituration of the syrupy mixture of the 
a- and the £-form of the anilide with methyl alcohol caused crystallisation of the original B-isomer (yield 
quantitative), m. p. 147—148° (decomp.), [a]}? —112° initial value in pyridine changing to —55-5° in 
48 hours. 

Acetylation of D-Galactose Anilide.—(i) (a) To a solution of galactose anilide (2 g.) in phosphoric 
oxide-dried pyridine (20 c.c.) at 0°, acetic anhydride (8 c.c.) was added. After the mixture had been 
kept for 18 hours at 0° and for 18 hours at room temperature, it was poured with stirring into ice-water 
(150—200 c.c.). The plastic mass which separated was triturated with water and kept overnight. 
Recrystallisation of the product from methyl alcohol gave 2: 3: 4: 6-tetra-acetyl a-D-galactose anilide 
(1-74 g.), m. p. 175—176°, [a]}? +202° (c, 1-0 in chloroform), +238° (c, 1-0 in pyridine) [Found : C, 56-8; 
H, 7%) N, 3°35; OAc (by hydrolysis), 39-2. C.9H,,O,N requires C, 56-75; H, 5-95; N, 3-31; OAc, 
40-67%). 
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(b) To a hot solution of galactose anilide (2 g.) in dry pyridine (20 c.c.), acetic anhydride (8 c.c.) 
was added and the mixture was kept at room temperature for 18 hours. Isolation and crystallisation 
of the product in the normal manner gave 2: 3: 4: 6-tetra-acetyl a-p-galactose anilide (0-96 g.), m. p. 
175—176° (after recrystallisation from methyl alcohol). 

(ii) Acetic anhydride (10 c.c.) was added to a solution of galactose anilide (5 g.) in dry pyridine (40 c.c.) 
cooled to 0°. The mixture was left at 0° for 18 hours and then poured into ice-water. After trituration 
of the product with water and crystallisation from methyl alcohol, 2 : 3 : 4 : 6-tetva-acetyl B-p-galactose 
anilide was obtained (2-0 g.), m. p. 120—121°, [a]}® —31-4° (c, 1-2 in chloroform), —58° (c, 1-0 in pyridine) 
(Found: C, 57-0; H, 6-0; N, 3-4; OAc, 39-3%). 

(iii) To a solution of galactose anilide (3 g.) in dry pyridine (20 c.c.) cooled to —5°, acetic anhydride 
(5 c.c.) was added and the mixture kept at 0° for 2 days. Isolation of the product in the usual manner, 
followed by recrystallisation from methyl alcohol, gave both a- and §-forms of tetra-acetyl galactose 
anilide. Separation of the a-form was effected by flotation in methyl alcohol, and, after recrystallisation 
from this solvent, both forms were obtained in a pure state (a-form, 0-36 g.; B-form, 2-53 g.). 

Regeneration of D-Galactose Anilide from the Acetates——When a solution of tetra-acetyl f-galactose 
anilide (0-5 g.) in absolute methyl alcohol (10 c.c.) was treated with a trace of sodium (ca. 1 mg.), crystals 
of p-galactose anilide were deposited after 2 days at room temperature, m. p. and mixed m. p. 153—154°. 

A methyl-alcoholic solution (10 c.c.) of the a-form (0-1 g.) also yielded p-galactose anilide when treated 
in a similar manner. 

Interconversion of the a- and the B-Form of Tetva-acetyl D-Galactose Anilide.—A 1% solution of either 
the a- or the £-form in dry pyridine showed little or no change in rotation when boiled for 7 hours. On 
the addition of 1 drop of water, mutarotation commenced and reached the same constant value. The 
a-form showed [a]7’ +238° (initial value) changing to +20° in 3 hours. The f-form showed [a]}§ —58° 
changing to +20° in 9 hours. 

The products from each of the equilibrium solutions were isolated by pouring them into water. 
Fractional crystallisation from methyl alcohol gave in both cases the a- and the f-form of tetra-acetyl 
p-galactose anilide. 

Treatment of the 2:3: 4: 6-Tetra-acetyl D-Galactose Anilides with Acetic Anhydride and Pyridine.— 
(a) a-Anilide. The acetylation mixture, consisting of tetra-acetyl a-galactose anilide (0-2 g.), dry 
pyridine (4 c.c.), and acetic anhydride (1-5 c.c.), was kept at 0° for 18hours. Isolation and crystallisation 
of the product in the normal manner gave the original material (0-124 g.), m. P: 170—171°. When the 
treatment was carried out at room temperature, the solution showed : [a]}? +225° (initial value); +192° 
(2. hours); -+160° (5 hours); +108° (10 hours); +80° (15 hours) +65° (20 hours); +40° (30 hours) ; 
+15° (45 hours); -+6° (70 hours) (constant). 

(b) B-Anilide. When a solution of 2:3: 4: 6-tetra-acetyl B-galactopyranose anilide (1 g.) in dry 
pyridine (20 c.c.) was treated with acetic anhydride (8 c.c.) at room temperature, it showed: [a]?? —58° 
(initial value); —38° (6 hours); —31° (10 hours); —17-5° (20 hours); —13° (25 hours); —9-5° (30 
hours); —0-5°(50 hours); +2°(70hours). After 18 hours a mixture of the a- and the £-form of tetra- 
acetyl galactopyranose anilide isolated from the reaction mixture (0-5 g.) had m. p. 114—121°. A 
mixture of the two forms was similarly obtained after the acetylation mixture had been left for 60 hours. 

Preparation of Tetra-acetyl B-p-Galactose Anilide from a-Acetobromo-pD-galactose.—A solution of 
a-acetobromo-p-galactose (8 g.) and aniline (2 c.c.) in dry ether (50 c.c.) was shaken with excess of silver 
carbonate for 2 days. After filtration, the ethereal solution was dried (CaCl,), and the solvent removed 
in a vacuum. The residue crystallised spontaneously on addition of light petroleum. The crystals 
of 2:3: 4: 6-tetra-acetyl B-p-galactose anilide were filtered off, washed with ethyl alcohol, and dried 
(yield 5-5 g.); m. p. 119—120°. Evaporation of the mother-liquors at room temperature gave a mixture, 
m. p. 108—135°, of a- and f-tetra-acetyl galactose anilide (0-19 g.). 

Preparation of Tetra-acetyl a-D-Galactose Anilide from Tetra-acetyl B-pD-Galactose—When a solution 
of 2: 3:4: 6-tetra-acetyl B-p-galactose (70 mg.) and aniline (20 mg.) in absolute ethyl alcohol (10 c.c.) 
was boiled for 2 hours and the solvent removed by distillation under reduced pressure, there was obtained 
a clear, viscous, yellow liquid. Nucleation with the a-form of tetra-acetyl p-galactose anilide resulted 
in crystallisation. Separation of the crystals by trituration with methyl alcohol followed by recrystal- 
lisation from methyl alcohol yielded tetra-acetyl a-p-galactose anilide (44 mg.), m. p. and mixed m. p. 
175—176°. 

Removal of the Anilide Group.—(a) From 2:3: 4: 6-tetva-acetyl a-p-galactose anilide. A suspension 
of the anilide (1 g.) was treated for 5 hours in boiling ethyl alcohol (10 c.c.) with 0-5% aqueous formic 
acid (40 c.c.) in an atmosphere of carbon dioxide. The anilide dissolved and a pale yellow solution 
resulted. The alcohol was removed by distillation under reduced pressure and the residual solution 
was extracted three times with chloroform. The combined extracts were washed successively with 
0-2n-hydrochloric acid, 5% sodium hydrogen carbonate solution, and water, and dried (MgSO,). _Distill- 
ation of the solvent in a vacuum gave 2:3: 4: 6-tetra-acetyl f-p-galactose, which crystallised on 
treatment with absolute ethyl alcoho] and light petroleum. After two crystallisations from acetone— 
ether-light petroleum, the product (0-35 g.) showed [a]?# +26° (c, 1-0 in chloroform), m. p. and mixed 
m. p. 125—126°. ; 

(b) From 2:3: 4: 6-tetra-acetyl B-p-galactose anilide. Treatment of a suspension of this anilide 
(1-0 g.) in acetone (10 c.c.) and 0-5% formic acid (40 c.c.) as in (a) gave tetra-acetyl B-p-galactose (0-3 g.), 
m. p. and mixed m. p. 127—128°, [a]? +23° (c, 1-0 in chloroform). 

When a solution of tetra-acetyl a-p-galactose anilide (0-2 g.) in 2% methyl-alcoholic hydrogen 
chloride (20 c.c.) was kept at room temperature it became yellow and reached a constant specific rotation 
after 5 minutes: [a]p +247° (initial value); +36° (3 minutes); +35° (5 minutes); +35° (10 minutes) ; 


+35° (13 minutes) ; +32° (40 minutes). After neutralisation with silver carbonate and removal of 
the solvent, a yellow glass (0-17 g.) was obtained which did not crystallise when nucleated with either 
tetra-acetyl a- or 8-methylgalactopyranoside. 

In another experiment, a solution of tetra-acetyl a-galactose anilide (0-2 g.) in dry chloroform (20 c.c.) 
was saturated with hydrogen chloride at 0°, and kept at room temperature until its rotation was constant, 
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[a]p +185° (initial value); +36° (40 minutes). It was washed with 0-1Nn-hydrochloric acid, sodium 
hydrogen carbonate solution, and water, and dried (MgSO,). The brown br which remained after 
removal of the chloroform under reduced pressure gave crystals of the original material (0-1 g.) when 
treated with ethyl alcohol-light petroleum. 

When a solution of tetra-acetyl B-p-galactose anilide (0-5 g.) in dry chloroform (50 c.c.) was treated 
as described above for the a-compound it showed: [a]p —32° (initial value) ; +23° (16 minutes); +42° 
(125 minutes) (constant). A small quantity of tetra-acetyl a-p-galactose anilide was isolated from the 
reaction. Concentration of the ethyl-alcoholic mother-liquors left a dark brown syrup which did not 
crystallise when nucleated with tetra-acetyl B-p-galactose. 


The authors thank Dr. W. T. Chambers for carrying out the microanalyses, and the Imperial Chemical 
Industries Limited for a grant in aid of this work. One of them (K. B.) is indebted to the University 
of Birmingham for the award of a Chidlaw Postgraduate Research Scholarship. 
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705. Reactions of Nitroparaffins. Part III. The Reaction of 
Primary Nitroparaffins with Acetic Anhydride. 


By T. UrRBaNskI. 


Primary nitroparaffins, such as nitromethane, nitroethane, l-nitropropane, and phenylnitro- 
methane react vigorously with acetic anhydride in the presence of basic compounds, and it is 
suggested that they are isomerised first to hydroxy-nitroso-compounds, then to hydroxamic 
acids. The latter are subjected to cleavage and acetolysis, the final product from all nitro- 
paraffins being ONN-triacetylhydroxylamine. 


To explain the hydrolysis of primary nitroparaffins to fatty acids and hydroxylamine Bamberger 
and Friist (Ber., 1902, 35, 45) suggested that they isomerised to hydroxamic acids. These 
authors prepared benzhydroxamic and #-nitrobenzhydroxamic acids, by the reaction of 
phenylnitromethane and p-nitrophenylnitromethane, respectively, with sulphuric acid.. They 
also suggested the isomerisation of primary nitroparaffins to secondary hydroxy-nitroso-com- 
pounds (I), thus explaining the transient blue colour formed when alkaline solutions of primary 
nitroparaffins are acidified. 

Further experimental proof of the isomerisation of primary nitroparaffins to hydroxamic 
acids has been given by Nenitzescu and Isacescu (Bull. Soc. Chim. Roumanie, 1932, 14, 53), Junell 
(Arkiv Kemi, Min., Geol., 1934, B, 11, no. 30), and Lipincott and Hass (Ind. Eng. Chem., 1939, 
31, 118). 

Primary nitroparaffins have been suggested (Turski, B.P. 564,610; U.S.P. 2,401,525) as 
aminating agents. The mechanism of the reaction consists probably in the isomerisation of the 
nitroparaffins to hydroxamic acids under the action of concentrated sulphuric acid. These in 
turn hydrolyse to hydroxylamine which effects the amination. 

The present author has examined the action of milder reagents, such as acetic anhydride, on 
primary nitroparaffins, in order to follow their isomerisation and cleavage. It has been found, 
that nitroparaffins do not react with hot acetic anhydride alone, but a vigorous reaction occurs 
when anhydrous sodium acetate is added to nitroparaffins dissolved in acetic anhydride, and the 
mixture is gently warmed. The ease of reaction varies: nitromethane < nitroethane < 
1-nitropropane < phenylnitromethane. 

The reaction is accompanied by a sudded change of colour, to pale blue (nitromethane) or 
deep blue (nitroethane and l-nitropropane). In all three cases the coloured product is volatile 
and can be distilled off together with acetic acid and acetic anhydride, but the paler-bluish 
product formed from phenylnitromethane is involatile. This colour disappears when the 
solution is heated for 20—30 minutes, and ONN-triacetylhydroxylamine (IV) and the carboxylic 
acid (III) are formed. The following sequence of reactions is suggested : 


W2) 
AesO RO a + Ac,N-OAc + Ac‘OH 


(III.) (IV.) 
(Ia.) 
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Although the reaction is presumed to proceed by both routes simultaneously, there is probably 
a preferential formation of the aci-form (Ia) because of the basic medium produced by sodium 
acetate. 

A somewhat different behaviour was noted when sodium acetate was replaced by pyridine. 
The reaction which started when heated was less vigorous, and no blue colour of the mixture or 
the refluxing vapour was observed. It is suggested that either the reaction follows the route 
through (Ia), without formation of the blue compound (Id), or pyridine reacts with (Ib) to give 
a colourless addition product. 

The transformation of nitroparaffin into (Ib) and the aci-form (Ia) into (Ib) or (II) involves 
oxygen migration from the nitrogen of the nitro-group to carbon. This type of migration is 
already known, ¢.g., in the transformation of nitrobenzaldehyde into o-nitrosobenzoic acid 
(Ciamician and Silber, Ber., 1901, 34, 2040; 1902, 35, 1080). 

Another explanation, not involving this oxygen migration, is based on Nenitzescu and 
Isacescu’s (loc. cit.) suggestions for the reaction between primary nitroparaffins and hydrochloric 
acid : 


oO 
AcOH 77 
RCH,NO, —> (Ia) ———> wy vay 
OAc H ‘OH \OAc 
(V.) (blue) (VI.) 


WA N-OH acetolysis 
RQ ee 
OAc 


This explanation assumes addition of acetic acid to the double bond of the aci-form (Ia). 
Acetic acid is present in acetic anhydride probably in sufficient quantity to initiate the reaction. 

The preparation of (IV) from nitromethane gave the lowest yield (about 6%), but the yields 
from nitroethane (76—79%), l-nitropropane (75—76%) and phenylnitromethane (56—60%) 
were much higher, and the best figure was obtained when warming of the solution was inter- 
rupted as soon as the blue colour of the refluxing liquid disappeared. On prolonged heating 
decomposition occurred with evolution of gas and a lower yield of (IV). 

That the product from 1-nitropropane was not diacetylpropiohydroxamic acid was apparent 
as acetic acid but no propionic acid was formed on hydrolysis of the product with sodium 
hydroxide. The triacetyl compound (IV) was also prepared by direct acetylation of hydroxyl- 
amine hydrochloride with excess of acetic anhydride. The product of this direct acetylation 
has been described as acetylacetohydroxamic acid, Me*C(OH):N-OAc or AcNH-OAc (Miolati, 
Ber., 1892, 25, 699; Hantzsch, ibid., p. 701). Acetohydroxamic acid results from hydrolysis of 
acetylacetohydroxamic acid originally formed. 

A partial acetolysis of nitroethane by using smaller proportion of acetic anhydride has been 
attempted. This was unsuccessful: only (IV) resulted, and unreacted nitroethane was recovered. 

That (IV) contains a hydroxylamine nucleus has been proved by its use in the direct 
amination of aromatic compounds, by Turski’s method (D.R.-P. 287,756; loc. cit.). 

Triacetylhydroxylamine is readily hydrolysed by alkalis (e.g., 10% Na,CO,), and by long 
(at least 4 weeks’) exposure to air, the product in the latter case being crystalline acetyl- 
acetohydroxamic acid. 


(III) + (IV) + Ac‘OH 


EXPERIMENTAL, 


Reaction of 1-Nitropropane with Acetic Anhydride in the Presence of Sodium Acetate.—1-Nitropropane 
(0-2 mole, 17-8 g.) was dissolved in acetic anhydride (50 c.c.) and sodium acetate (10 g.) wasadded. The 
mixture was gently warmed, and reaction soon occurred with considerable heat-evolution and boiling of 
the reaction mixture. The liquid in the flask and the refluxing vapours acquired an intense blue colour. 
After about 5 minutes the reaction subsided and the liquid was gently boiled for 30 minutes by which 
time the blue colour had disappeared. All this time there was a very slow evolution of gas, containing 
carbon dioxide but no monoxide. The rate of the gas-evolution increased considerably on further 
heating and there was a considerable drop in yield. 

After completion of the reaction, the excess of acetic anhydride and acetic acid was distilled off under 
reduced pressure, the almost solid residue in the flask was dissolved in water (ca. 200 c.c.), and the oily 
product extracted with ether. The ethereal extract was neutralised (litmus) with aqueous sodium 
carbonate, and dried (Na,SO,), and the residue from the evaporation of the ether was distilled under 
reduced pressure. ONN-Triacetylhydvoxylamine (IV) (24-0 g., 75%), b. p. 96—98°/12 mm.), was a 
colourless oil with a famt aromatic smell, and was soluble in most organic solvents and in hot water, but 
insoluble in cold water. After being redistilled it had b. p. 216° (decomp.), 112°/17 mm., 98°/12 mm. ; 
d@° = 1-168, n39 = 1-4441 (Found: C, 45-1; H, 6-3; N, 88; Ac, 82-2. C,H,O,N requires C, 45-3; H, 
5-7; N, 8:8; Ac, 81-1%). 

Reaction of Nitroethane and of Nitromethane with Acetic Anhydride in Presence of Sodium Acetate.— 
(IV) was likewise obtained from nitroethane and from nitromethane, in 78-6 and 6-3% yield, respectively. 
Partial acetolysis of nitroethane gave only (IV). 
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Reaction of Nitroethane with Acetic Anhydride in Presence of Pyridine.—Nitroethane (0-1 mole, 7-5 g.) 
was dissolved in acetic anhydride (25 c.c.) and pyridine (5 c.c.) was added. When the solution was 
warmed a moderate reaction occurred without the formation of the blue colour. After the reaction had 
subsided, the contents of the flask were gently boiled for 2 hours; and the product (IV) was isolated by 
fractional distillation under reduced pressure (yield, 4 g.). 

Reaction of Phenylnitromethane with Acetic Anhydride in Presence of Sodium Acetate-—The reaction of 
phenylnitromethane was much more vigorous than with aliphatic nitroparaffins, and to moderate it a 
larger quantity of acetic anhydride was used. 

Phenylnitromethane (0-1 mole, 13-7 g.) was dissolved in acetic anhydride (75 c.c.), and sodium acetate 
(10 g.) was added. The reaction started when the mixture was heated. The colour of the solution was 
slightly blue, but the refluxing vapours were colourless. The reaction ended within 30 minutes. 

The reaction mixture was treated as in the previous experiments and gave (IV) (8-5 g., 56%) and 
benzoic acid (10-2 g., 84%). 

Hydrolysis of ONN-Triacetylhydroxylamine (IV).—(a) Hydrolysis with sodium hydroxide. When (IV) 
was aed with 30% NaOH (25 c.c.) a violent exothermic reaction occurred. After this had subsided the 
reaction mixture was evaporated to dryness on the water-bath, and the product covered with ether, and 
acidified with concentrated sulphuric acid (10 c.c.). Evaporation of the ether, and distillation of the 
residue gave acetic acid (10 g., 88%). 

(b) Hydrolysis with sodium carbonate. A less violent reaction occurred with the same result. 

(c) Hydrolysis by airy. A sample of (IV) was exposed to air fora few weeks. The resulting crystalline 
white solid was crystallised from chloroform, and identified as acetylacetohydroxamic acid, i.e., ON-di- 
acetylhydroxylamine, m. p. 87—-88°, unchanged when mixed with the sample prepared by Hantzsch’s 
method, as below. 

Complete Acetylation of Hydroxylamine.—Dry hydroxylamine hydrochloride (0-2 mole, 13-9 g.) and 
acetic anhydride (0-7 mole, 71 g.) were warmed to initiate reaction, and when this had subsided, the 
solution was boiled; hydrogen chloride being evolved during the reaction, which was completed in about 
lhour. The excess of acetic anhydride and acetic acid was distilled off under reduced pressure, and the 
oily residue distilled, yielding ON N-triacetylhydroxylamine (IV) (27 g., 85%), b. p. 96—98°/12 mm., n}?? = 
1-4441 (after redistillation) (Found: C, 45-7; H, 5-9; N, 9-0; Ac, 82-8%). 

Partial Acetylation of Hydroxylamine to the ON-Diacetyl Derivative (Acetylacetohydroxamic acid) (cf. 
Hantzsch).—Dry hydroxylamine hydrochloride (0-2 mole, 13-9 g.) and acetic anhydride (0-43 mole, 44 g.) 
were warmed for 1 hour. The excess of acetic anhydride and acetic acid was distilled off under reduced 
pressure; when kept, the residue (23-5 g.) partly solidified. The crystals of ON-diacetylhydroxylamine 
(acetylacetohydroxamic acid) (13-7 g., 42%) were separated on a porous tile from the oily product (IV). 

The solid was recrystallised from chloroform, and then had m. p. 88—89°, and properties the same as 
those of Hantzsch’s product. 

Amination of Anthraquinone with ONN-Triacetylhydroxylamine by Turski’s Method.—Anthraquinone 
(0-04 mole, 8-7 g.) was dissolved in concentrated sulphuric acid (100 g.) containing vanadium pentoxide 
(0-025 g.) and ONN-triacetylhydroxylamine (0-04 mole, 6-2 g.) was added. The solution was heated, 
with stirring, at 130—140° for 8 hours, and after cooling, water (25 c.c.) was added to precipitate the 
unchanged anthraquinone, which was filtered off (2-6 g.). 1-Aminoanthraquinone (5-9 g.) was then 
precipitated by addition of more water. 


The author is indebted to Imperial Chemical Industries Ltd. for a grant and a supply of 
nitroparaffins used in these experiments. 
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706. The Mechanism of Bromine Substitution in Aqueous 
Solution. 


By W. J. Witson and F. G. Soper. 


Benzene and o-nitroanisole are brominated by bromine water at conveniently measurable 
rates. It is found that molecular bromine is the brominating agent in bromine water and that 
the tribromide ion is inactive. In hypobromous acid solutions bromination is slight, but the 
reactivity of hypobromous acid is increased by hydrogen-ion concentration to values much 
exceeding that of bromine. This is interpreted as due to bromination by positive bromine ion, 
H,OBrt. In buffer solutions at constant pH, bromination occurs at a rate dependent on the 
product of the concentration of the hypobromous acid and of the free acid of the buffer, 
indicating bromination by acyl hypobromite. The latter rate may also exceed that of 
bromination by molecular bromine. 


Tue fact that molecular bromine is a more powerful brominating agent than hypobromous 
acid in water was demonstrated by Francis (J. Amer. Chem. Soc., 1925, 47, 2340). This would 
be expected from the calculated relative ease of ionisation of these substances into positive 
bromine, the ratio of the hypothetical ionisation constants of bromine and hypobromous acid 
into positive halogen being given by K;/K,,, where K, is the hydrolysis constant of bromine and 
equals 5°8 x 10~ (Liebhafsky, ibid., 1934, 56, 1500), and K,, is the ionic product of water. This 
relative ease of ionisation would be expected to be approximately related to the ease with which 
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the electrophilic brominating molecule can supply positive bromine to the nucleophilic centre. 
Schilov and Kaniaev (Compt. rend. Acad. Sci. U.R.S.S., 1939, 24, 890), in studying the reaction 
of hypobromous acid with anisole-m-sulphonic acid, observed a marked increase in reaction rate 
as the hydrogen-ion concentration was increased, which was attributed to the formation of 
a bromine cation by displacement of the reaction H* + HOBrZ— Brt + H,O. As pointed 
out, however, by Bradfield and Jc.es (Tvans. Faraday Soc., 1941, 87, 726), Schilov and Kaniaev 
did not consider the effect of increase in hydrogen-ion concentration on the ionization and 
reactivity of anisole-m-sulphonic acid. The hypothesis of the bromine cation, nevertheless, 
explains satisfactorily many of the reactions of hypobromous acid (Hinshelwood, J., 1947, 694). 
The production of bromine cations from molecular bromine, Br, ——* Br* + Br~, should be 
assisted by low concentrations of Br~, and it is possible that the retarding effect of increase in 
concentration of the latter may be due partly to repression of the ionisation of bromine into 
bromine cations. Alexander (jJ., 1938, 729), using monolayer technique, measured the 
bromination of p-hexadecylphenol and found that the rate of interaction with bromine water 
was increased to a marked extent on addition of bromide ions. From comparison with bromin- 
ation by hypobromous acid it was concluded that the tribromide ion was four times as effective 
as hypobromous acid. It is possible that formation of Ph*OBr derivatives is a complicating 
factor in the above work where the phenolic groups are preferentially available in the monolayer. 

Precise work on the reactivity of aqueous hypobromous acid in substitution reactions is 
handicapped by its decomposition to bromic and hydrobromic acids, the latter then reacting 
with hypobromous acid to produce bromine. The decomposition of hypobromous acid (Prutton 
and Maron, J. Amer. Chem. Soc., 1935, 57, 1652) follows the equation v = k,[HOBr]*[OH7~], 
where k, at 25° has the value 4°4 x 108 1. mol.-* min... This corresponds, in a solution of 
m/100-hypobromous acid, to 0°44% decomposition in 1 min. at pH 7, with proportionally less 
decomposition in more acid solutions and greatly increased stability in more dilute solutions. 
This instability of hypobromous acid necessitates a careful selection of reaction so that the speed 
of the latter, whilst not too rapid for examination, is sufficiently fast to avoid complication by 
appreciable decomposition of the hypobromous acid. Reactions of hypobromous acid with 
o-nitroanisole and with benzene have been found to be satisfactory in this respect. 

Utilising o-nitroanisole and bromine water, the effect of bromide has been examined in view 
of the unusual result observed in the interfacial reaction. The effect of bromide, which converts 
bromine into the tribromide ion, normally results in a retardation of the bromination rate (cf. 
Bradfield, Jones, and Orton, J., 1929, 2810). This has been again confirmed in the present 
work on the bromination of o-nitroanisole by bromine water. The specific rates k,, given by 
v = k,[Br, + Br,~][nitroanisole], which are observed on decreasing the percentage of free 
bromine from 86°8 to 6°2% by additions of potassium bromide, are shown in the table, the 
equilibrium constant of Br, + Br~ 7 Br,~ (Lewis and Randall, ‘“‘ Thermodynamics,” 1923, 
520) being taken as 15°2 at 25°. Values of k,®"s, defined by v = k,": [Br,][{nitroanisole] and 
equal to &, [Br, + Br,~]/[Br,], are satisfactorily constant. 


[o-Nitro- [Br] 
([Br,.] anisole]. [Br-]. ky. [Br, + Br,~] kB, 
0-001 0-005 0-010 3-21 0-868 3-74 
0-001 0-005 0-021 2-81 0-755 3-68 
0-001 0-005 0-087 1-49 0-404 3-70 
0-001 0-005 0-010 0-232 0-062 3°74 

Hydrolysis of the bromine to hypobromous acid, by the reaction Br, + H,O z—* HOBr + 
H* + Br-, was reduced to a negligible extent in the above experiments by the presence of 
hydrogen ion at a concentration of 5 x 10-°m., as well as by the presence of bromide ion. 
Hydrogen-ion concentration was found to have no appreciable effect on the specific rate of 
bromination by bromine water as shown in the figure, and hence bromination by the latter cannot 
be due to the presence of equilibrium hypobromous acid. The fact that the specific rate, k,*"s, 
after correction for the presence of inactive tribromide, is unaffected by a 100-fold change in 
bromide-ion concentration, further indicates that the activity of molecular bromine is not due 
to the presence of small amounts of positive bromine cations, formed in the equilibrium, 
Br, = Br~ + Br’, for this ionisation would be greatly affected by the increase of bromide-ion 
concentrations. 

Comparison of the effect of hydrogen ion on the rate of bromination by bromine and by 
hypobromous acid is shown in the figure, the [H*] being varied from 5 x 10% to 3 x 10° by 
additions of perchloric acid. At the latter hydrogen-ion concentration, the specific rate of 
bromination by hypobromous acid is some six times greater than that by bromine, and the effect 





3378 The Mechanism of Bromine Substitution in Aqueous Solution. 


cannot, therefore, be due to conversion of the hypobromous acid into bromine. A similar effect is 
observed in the bromination of an aqueous solution of benzene. In neither case can the effect 
be attributable to change in reactivity of the substance undergoing substitution, and must, 
therefore, be associated vith the displacement of the equilibrium HOBr [— Br* + OH, giving 
increased concentration of active bromine cations. 


The effect of acids on the bromination of nitroanisole by HOBr and Bry. 


7 min 


R2, litres mol. 
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0-05 0-10 
Concentration of free acid, M. 
HOBr, CH,Cl: a buffer, pH = 2-74. 
HOBr, H,O+ (HCI 
HOBr, H,PO, + Neti 2PO, buffer, - = 1-72. 
HOBr, CH,°CO,H buffer, pH = 
Br, + acids. cn. Mt HCIO,. dict CH,CI-CO,H. 


The electron deficiency of the bromine cations and the donor properties of the oxygen of 
water would suggest H,O,Br* for its form in aqueous solution. That no effect is observed on the 
reactivity of molecular bromine with increase in hydrogen-ion concentration would be expected 
from the non-participation of hydrogen-ion in the equilibrium Br, —— Br* + Br-. 

Catalysis by acyl hypohalogenites has now been observed in N-chlorination (Mauger and 
Soper, J., 1946, 71) and in iodination (Painter and Soper, J., 1947, 342). Similar catalysis is 
shown in the bromination of o-nitroanisole and of benzene using hypobromous acid and increas- 
ing concentration of buffer at constant pH. A half-neutralised chloroacetic acid buffer being 
_ used at pH 2°74, where the specific rate of bromination by hypobromous acid in the absence of 
chloroacetic acid is approximately 1 1. mol.-' min.-!, the specific rate is progressively increased 
with increase of buffer concentration to values, e.g., 30 1. mol.-! min.-!, much exceeding the 
specific rate by bromine water. The effect of such additions of buffer at constant pH is shown 
in the figure for chloroacetic, phosphoric, and acetic acid buffers. Variation of the sodium 
acetate concentration in the acetic acid buffer was found to be without appreciable effect. 
With 0°5m-acetic acid and 0°05, 0°15, and 0°2m-sodium acetate, the specific rates observed were 
respectively 30°7, 29°4, and 29°6. No catalytic effect is observed on addition of chloroacetic acid 
buffer at pH 2°74 to mixtures containing bromine water. Evidently, inappreciable amounts 
of acyl hypobromite are formed in acid solutions under the experimental conditions by the 
reaction, Br, + AcOH ~~ AcOBr + H* + Br-, although in the iodination of phenol by 
iodine in near-neutral solutions a marked effect of the buffer acid is observed. This is probably 
due to the difference in the acidity of the solutions examined in the two cases. Both hydrogen 
ion and un-ionised acids have a marked catalytic effect on the reactions of hypobromous and 
hypoiodous acids. Since the halogen cation may be written as H,OX*, and other acid deriva- 
tives as AcOX, the enhanced electrophilic reactivity may be regarded as due in the former to 
the addition of a proton to the HOX molecule, and in the latter to the replacement of the hydro- 
gen by groups such as acyl with decreased electron-donor properties. 
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Comparison of the halogenating properties of aqueous solutions of bromine and iodine, 
indicates that, in both, acyl hypohalogenites and halogen cations are highly effective in causing 
substitutive halogenation, but that, unlike molecular iodine, molecular bromine is also reactive. 


EXPERIMENTAL» 


The reaction rate was followed iodometrically, all reactions being carried out in stoppered flasks at 
a temperature of 25-0° + 0-02°. The reaction between bromine water and peated om was shown to 
be dependent on the concentrations of both reactants. With initial concentrations [Br-] = 0-01m., 
[Br,] = 0-001m., [H*] = 10-*n., doubling the initial concentration of o-nitroanisole from 0-0025 to 
0-0050M. gave specific bimolecular rates of 3-47 and 3-37 uncorrected for tribromide formation. A 
typical experiment in which the initial concentrations were [Br,] = 0-00192m.; [nitroanisole) = 0-005m. ; 
[Br-] = 0-01m.; [H*] = 0-005n. is given below: 


CO a ae 0 6 12 18 24 30 36 42 
Titre of 10c.c. inc.c. of 0-00296N- 

Na,S,03 . 11-94 10-82 9-94 9-02 8-00 7-58 7-12 
ky, 1. mol. min. 2-89 3-18 3-14 2-94 3-53 3-30 3-18 


With benzene, the specific rate, k,, with bromine water in the presence of 0-01m-bromide, was 


0-166 1. mol. min.“, whilst with hypobromous acid and perchloric acid to increase the hydrogen-ion 
concentration, results obtained were : 


(H*] x 102, m. 1-58 2-0 2-31 3-98 6-00 
ky, 1. mol. min.“ 9-0 12-0 13-8 20-0 32-5 


With chloroacetic acid buffer pH 2-8, the effect of increase of the concentration of the free chloro- 
acetic acid, by increasing the total amount of the buffer, was to increase the specific rate as in the case of 
o-nitroanisole : 


SO IN 0 ic ssinctadctsbereonsis . 0-08 0-12 0-16 0-20 0-24 
hy, 1. mol! min. 2-80 3-60 4-00 5-30 6-22 


The figures for the catalytic effect of acids on the rate of bromination by hypobromous acid are 
probably subject to errors due to partial conversion of the hypobromous acid into bromine owing to the 
displacement of the equilibrium, HOBr + H+ + Br- = Br, + H,O, in the more acid solutions. Any 
bromine formed in this way would not show an enhanced reactivity due to the presence of acid and hence 
the true reactivity of hypobromous acid in the presence of acid may be greater than that recorded. The 
recorded figures are, however, greatly in excess of reactivities due to bromine and show a progressive 
increment with increase of acid concentration. 

Hypobromous acid was prepared by three methods: (a) by centrifuging bromine water with yellow 
mercuric oxide, (b) distillation of solutions prepared as in (a), (c) by centrifuging bromine water with 
silver phosphate. Samples of hypobromous acid give rise spontaneously to bromic and hydrobromic 
acids, only the latter being removed by silver phosphate and mercuric oxide. Iodometric titration of 
solutions of hypobromous acid treated with 5 c.c. of m/100-phenol for 30 secs. to remove all the hypo- 
bromous acid, and then with potassium iodide and m-phosphoric acid gave the bromic acid content, and 
comparison with titrations omitting the preliminary treatment with phenol gave the hypobromous acid 
content by difference. Bromic acid was present in the hypobromous acid to an extent of 10% or less. 
Reaction rates using hypobromous acid (plus added acid to give a measurable speed) revealed no 
differences due to the method of preparation. Presence of small amounts of bromic acid appeared to 
have no effect on the reaction rate, and estimation of bromic acid before and after a reaction showed no 


appreciable formation of this acid in 15 minutes, within which period the reactions involving hypobromous 
acid were examined. 


UNIVERSITY OF OtTaGo, DUNEDIN, NEW ZEALAND. [Received, July 4th, 1949.] 





707. The Reaction between Paraffin Hydrocarbons and Sulphur 
Vapour. 
By W. A. Bryce and Sir Cyrit HINSHELWOOD, 


The reactions of paraffins with sulphur vapour are approximately of the first order with 
respect to the hydrocarbon and nearly independent of the vapour pressure of the sulphur. 
Hydrogen sulphide is the only gaseous product containing sulphur which is formed in considerable 
amount. The influence of structure on the reaction rates of the different hydrocarbons runs 
parallel with that on the thermal decompositions, and is quite different from that observed in 
the oxidations. In the initial stages of the reaction several molecules of olefin may be formed 
for each molecule of hydrogen sulphide, suggesting a mechanism whereby the initial removal 
of hydrogen by sulphur institutes a catalysed pyrolysis of the hydrocarbon. 


HYDROCARBONS are characterised by a number of properties which are of interest in relation to 
mechanisms of chemical change. The marked dependence of reactivity on structure in the 
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oxidation of paraffins has been well established (Cullis, Hinshelwood, Mulcahy, and Partington, 
Faraday Soc. Discussion, ‘‘ The Labile Molecule,”’ 1947, 111) but this does not hold to the same 
degree for their thermal decomposition (Joc. cit.). As part of the general consideration of 
hydrocarbon reactivity it seemed of interest to investigate the reaction with sulphur, and in 
particular to determine whether there would be any resemblance between the reactions 
of hydrocarbons with oxygen and with sulphur respectively. 

Many investigations have been devoted to the reaction of hydrocarbons with sulphur but 
they have been largely of a qualitative nature and little information is available concerning the 
mechanisms. Baker and Reid (J. Amer. Chem. Soc., 1929, 51, 1566) obtained hydrogen sulphide 
and small amounts of thiophens by heating n-heptane and m-butane with sulphur in sealed 
Pyrex-glass tubes and in steel bombs at temperatures ranging from 150° to 350°. Nellensteyn 
and Thoenes (Chem. Weekblad, 1932, 29, 582) observed that the reaction with paraffins and 
paraffin oils yields carbon and that almost all the sulphur appears as hydrogen sulphide, only 
traces of organic compounds being formed. Taylor (Mem. Manchester Lit. Phil. Soc., 1935, 79, 
99) reported that hydrocarbons of various types reacted with sulphur at 440° to produce an 
insoluble residue which could not be identified with known carbon-sulphur compounds because 
of it high sulphur content. Rasmussen, Hansford, and Sachanen (Ind. Eng. Chem., 1946, 38, 
376) found that an aliphatic hydrocarbon containing at least four carbon atoms in a straight 
chain yielded an olefin, a diolefin, and thiophen or its homologues, together with large amounts 
of hydrogen sulphide. The yields were low at 600° unless the reactions were quenched after a 
fraction of asecond. Carbon disulphide was produced, and a heavy complex tar was formed as 
the result of secondary reactions. 

Acetylenic and ethylenic hydrocarbons react slowly at temperatures below 300° (Peel and 
Robinson, J., 1928, 2068; Shepard, Henne, and Midgley, J. Amer. Chem. Soc., 1934, 56, 
1355; Jones and Reid, ibid., 1938, 60, 2452). At higher temperatures reaction is appreciable 
and carbon and hydrogen sulphide are liberated with the formation of small amounts of organic 
sulphur compounds. The formation of polysulphides has been reported by Farmer and Shipley 
(J. Polymer Sci., 1946, 1, 293) for the reaction of sulphur with olefins under certain conditions ; 
they suggest a free-radical mechanism for the process. 


EXPERIMENTAL, 


Reagenits.—The sulphur, for which we were indebted to Mr. P. A. Wright, had been purified by a 
series of slow crystallisations followed by repeated distillation in vacuo. The liquid hydrocarbons were 
very pure specimens, the gift of Imperial Chemical Industries Limited, Billingham, and of the Anglo- 
Iranian Oil Company. The gaseous hydrocarbons were obtained from commercial cylinders and were 
condensed and fractionated before use. 

Apparatus.—The principal components of the apparatus were a 300-ml. Pyrex-glass reaction vessel 
heated in an electric furnace, an evacuating system, and storage vessels for the hydrocarbons. The 
progress of the reaction was followed by measurement of the pressure increase in the system with a 
glass Bourdon gauge and by analyses for the principal volatile reaction products. The reaction vessel 
and gauge are shown in Fig. 1. In order to permit the removal of the reaction vessel from the furnace 
for cleaning after each experiment the capillary side-arm of the vessel and the jacket of the gauge were 
connected to the rest of the apparatus by cone and socket joints. The side-arm could be closed by means 
of a tap to isolate the reaction vessel from the rest of the system. Sulphur was weighed into the vessel 
through a second side-arm which was sealed off before the vessel was placed in the furnace. The capillary 
side-arm and the lower portion of the jacket of the gauge were wound with resistance wire and heated 
electrically to prevent the condensation of sulphur in these portions of the system. 

The movement of the pointer of the gauge was followed by means of a small fixed telescope with a 
graduated scale in the eye-piece. A manometer was connected to the outer jacket of the gauge, and as 
the pressure in the reaction vessel increased air was let into the jacket to return the pointer to a zero 
reading. The pressure shown on the manometer was thus the pressure in the reaction vessel. 

The temperature of the reaction vessel was measured with a calibrated mercury thermometer and was 
controlled to +0-5° by means of an electronic temperature controller. The apparatus was evacuated by 
a mercury diffusion pump backed by a rotary oil-pump. 

At the temperatures used in this investigation, 320—349°, the sulphur was in the vapour state for all 
experiments in which the saturation concentration was not deliberately exceeded. A constant initial 
sulphur-vapour pressure was established before admission of the hydrocarbon. To obtain samples of the 
reaction mixture for analysis the temperature of the vessel was reduced rapidly before sampling to a 
value at which the sulphur-vapour pressure was negligible. 

Analytical Methods.—Mercaptans were determined by extraction of the gaseous sample with “ AnalaR” 
benzene and interaction of an aliquot of the solution with an excess of standard silver nitrate (Bell and 
Agruss, Ind. Eng. Chem., Anal. Edn., 1941, 18, 297), the residual amount of which was titrated with 
standard ammonium thiocyanate solution. Hydrogen sulphide was removed before the analysis by 
washing the benzene solution with acidified cadmium chloride (Sachanen, ‘‘ The Chemical Constituents 
of Petroleum,”’ Reinhold, New York, 1945, p. 353). 

Carbon disulphide was estimated colorimetrically by means of its reaction with copper and diethyl- 
amine to form a coloured complex (Callan, Russell-Henderson, and Strafford, J. Soc. Chem. Ind., 1932, 51, 
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193T). Thiophens were tested for with isatin solution (Weissburger and Proskauer, ‘“‘ Organic Solvents,” 
Clarendon Press, 1935, &: 105), and acetylenes with the standard copper-ammonium reagent (Treadwell 
and Hall, ‘“‘ Analytical Chemistry, Vol. Il, Quantitative Analysis,”’ Wiley and Sons, New York, 1935, p. 
701) after removal of hydrogen sulphide from the gaseous sample. 

Hydrogen sulphide was determined quantitatively by extraction of the reaction mixture with dilute 
alkali and interaction of the hydrogen sulphide liberated on acidification with standard silver nitrate 
solution. The very small amount of mercaptans present was neglected in this analysis. 

To determine unsaturated hydrocarbons the gas sample was allowed to react with a standard bromine 
solution (ibid., p. 745). The residual bromine was determined, as iodine, with standard sodium 
thiosulphate, allowance being made for the amount of bromine required to react with the hydrogen 
sulphide present. 

From the results of the analyses of the contents of the sampling pipettes the partial pressures 
of hydrogen sulphide and unsaturated hydrocarbons in the reaction vessel under the conditions of the 
reactions were calculated. 


Fic. 1. 
Reaction vessel and gauge. 


Fic. 2. 
The dependence of vate on the amount of sulphur for 
the reaction of 112 mm. of hexane at 320°. 
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RESULTS. 


The reaction in general exhibits a short induction period after which the rate rises quickly to 
a maximum value. For the normal paraffins the length of the induction period increases and 
the autocatalytic nature of the reaction—time curves decreases with decreasing number of carbon 
atoms. 

Dependence of Rate on the Initial Sulphur Concentration.—Rates were measured for the reaction 
of various amounts of sulphur with a fixed initial amount of hexane (112 mm.) at 320°. The 
results for the experiments in which the quantity of sulphur did not exceed the saturation value 
for the vessel (0°200 g.) are givenin Fig. 2. In this range of sulphur concentration there was no 
significant dependence of rate of the initial amount of sulphur. 

When the amount of sulphur was increased beyond the saturation concentration, so that 
liquid sulphur was present in the vessel, there was a considerable increase in rate. The liquid 
apparently has a marked accelerating effect on the reaction. The molecular structure of molten 
sulphur is not known with certainty but is generally considered to involve long chains of atoms. 
The free valencies occurring as ‘‘ end-groups ’”’ in such a system might account for the greater 
reactivity of the liquid sulphur. 

In all subsequent experiments a fixed amount (0°100 g.) of sulphur was used. 

Dependence of Rate on Initial Hydrocarbon Pressure.—The effect on the rate of variation in 
the initial hydrocarbon pressure from 15 to 225 mm. is shown in Fig. 3 where the logarithm of 
the rate (0°100 g. of sulphur at 320°) is plotted against the logarithm of the initial hexane pressure. 
The reaction is of the first order with respect to the hydrocarbon except at high initial 
hydrocarbon pressures when the order becomes greater than one. 

Effect of Packing the Reaction Vessel.—A fifteen-fold increase in the surface : volume ratio 
was effected by the packing of the vessel with short lengths of Pyrex-glass tubing. The reaction- 
time curves of 112 mm. of hexane and 0°100 g. of sulphur at 320° for packed and unpacked vessels 
are compared in Fig. 4. Increase in the surface area causes a distinct increase in the initial rate 
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of the reaction but after a short time the effect disappears. The main course of the reaction 
therefore appears to be unaltered by the packing of the vessel. 


Fic. 3. Fic. 4. 


Relation between rate and initial hexane pressure The effect of packing the reaction vessel, and of 
at 320°. the addition of hydrogen sulphide, on the 
reaction of 112 mm. of hexane with sulphur 

at 320°. 
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Fie. 5. 
Reaction rate as a function of the number of carbon atoms. 
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+ 6 8 
Number of carbon atoms. 

Curve A, pyrolysis at 550°. Curve B, sulphur reaction at 320°. 


The large increase in initial rate indicates a surface catalysis of the reaction. The subsequent 
return to the normal rate may be due to poisoning of the surface by the products so that the 
reaction later becomes essentially homogeneous. The possibility that this poisoning may be 
due to hydrogen sulphide was investigated by addition of 10 mm. of this gas to the reaction 
vessel before admission of the hexane. The reaction-time curve for this experiment (Fig. 4) 
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shows, however, that the addition has no significant effect. Similarly the addition of hydrogen 
sulphide was shown to have no effect on the reaction in the unpacked vessel. 

Effect of Hydrocarbon Structure on Rate.—(a) Straight-chain hydrocarbons. The paraffins 
investigated in this series were ethane, propane, n-butane, n-hexane, and m-octane. Reaction 
rates for the last three (112 mm. of the hydrocarbon and 0°100 g. of sulphur) were measured at 
320°, for hexane and butane at 320° and 349°, and for propane and ethane at 349°. Those for 
the two latter were calculated for 320° in terms of the ratio to hexane and butane, so that all 
five hydrocarbons could be compared at one temperature. The results for these experiments are 
given in Table I. 


TABLE I. 


Reaction rates for 112 mm. of various normal paraffins with 0°100 g. of sulphur at 320°, 
ee ed BR Oe ee 2 3 + 6 8 
Rate (mm,/min.) .............++ 0-0095 0-066 0-14 0-45 4-25 


The approximately four-hundredfold increase in the rate of the reaction with sulphur which 
occurs as the series is ascended from ethane to octane contrasts markedly with the two-hundred- 
thousandfold increase which occurs in the same series for the reaction with oxygen (Cullis e¢ al., 
loc. cit.). This difference suggests that the mechanisms of the two reactions bear little resem- 
blance. On the other hand, distinct similarities in the effect of structure are apparent when the 
rates for the sulphur reaction are compared with the rates for the thermal decomposition of the 
normal paraffins. This comparison is given in Fig. 5 in which the logarithms of the two reaction 
rates are plotted against the number of carbon atoms in the hydrocarbon. The results for the 
thermal decompositions were obtained in this laboratory by Dr. F. J. Stubbs (unpublished 
results) and Dr. R. G. Partington (Cullis e¢ al., loc. cit.). 

(b) Branched hydrocarbons. The effect of the degree of branching was determined by 
measurement of the rates for reaction of 112 mm. (at 320°) of each of the isomers n-hexane, 
2- and 3-methylpentane, and 2 : 3-dimethylbutane, and of cyclohexane. The results (Table IT) 





TABLE II. 

Effect of branching on the rates of reaction of isomeric hexanes with aulphur at 320°. 

Hydrocarbon. Rate relative to 2 : 3-dimethylbutane. 
n-Hexane ....... Rechavegsvnceandgsavepesnesensncnepecessses 0-5 
S-Methyipentane .......cccrccecccsecccsccsccsscccvocsoeces 0-6 
in he swe a TE ee 0-7 
Bs DAE RENRD .o 0 occa teccsncsccetsnssnscceseswseece 1-0 
CPOE... ccceniccesessesdessangecesbessancessepbivonsenes 4-0 


show that there is a slight increase in the rate as the degree of branching increases from n-hexane 
to 2: 3-dimethylbutane. The reaction—time curves for these four hydrocarbons were similar 
in shape. cycloHexane, however, exhibits a distinct induction period followed by a rapid 
acceleration of rate to a value eight times that for normal hexane and roughly equal to that for 
octane under similar conditions. 

The slight increase in rate with increased branching of the hydrocarbon contrasts markedly 
with the structural influences reported by Cullis e¢ al. (loc. cit.) who found that the rate of 
oxidation decreased by a factor of 1580 on going from n-hexane to 2: 3-dimethylbutane. The 
tesults (Table II) are, however, similar to those reported by Partington (loc. cit.) who found that 
increased chain branching causes a slight increase in the rate of thermal decomposition of the 
paraffins. 

It appears, therefore, that so far as the influence of hydrocarbon structure on reaction rate is 
concerned the reaction of both straight- and branched-chain hydrocarbons resemble the thermal 
decomposition of these compounds much more than they resemble the reaction with oxygen. 

Analysis for Reaction Products.—Quantitative analyses at various stages in the reaction of 
hexane and sulphur at 320° showed that carbon disulphide and mercaptans were formed in very 
small amounts only. The test for thiophens was negative. A qualitative test for acetylenes 
showed that these hydrocarbons are formed to a small extent. 

The appearance of a dark-coloured involatile tar was observed as soon as any significant 
pressure change occurred in the system. It was not possible to make a quantitative estimate 
of the amount because of the small mass of the reactants and because the tar could be removed 
from the reaction vessel only by boiling nitric and sulphuric acid. Its chemical composition 
was therefore not investigated. 

The principal volatile products of the reactions were hydrogen sulphide and unsaturated 
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hydrocarbons. The calculated pressures of these compounds at various stages in the reaction of 
hexane and sulphur at 349° are given in Table III. In columns 7, 8, and 9 the pressures of 
hydrogen sulphide and of unsaturated hydrocarbons (calculated as “ double bonds ’’) and the 
pressure increase are divided by the initial hexane pressure to reduce these values to the same 
scale. The ratios of the pressure of unsaturated hydrocarbons to the pressure of hydrogen 
sulphide are given in column 10. The values in the last four columns of Table ITI are plotted as 
a function of time in Fig. 6. 


Fic. 6. Fic. 7. 


Analytical resulis for various stages in the reaction of Analytical results for various stages in the 
22 mm. of hexane with sulphur at 349°, expressed as reaction of 60 mm. of butane with sulphur 
vatios (mm./mm.) of H,S/initial hexane, pressure at 349°, expressed as ratios (mm./mm.) of 
increase|initial hexane, ‘‘ double bonds ”’ /initial H,S/initial butane, pressure increase| 
hexane, and ‘‘ double bonds ’’ /H,S. initial butane, ‘‘ double bonds ”’ /initial 

butane, and ‘‘ double bonds ’’/H,S. 
5 








(d.bs.= "double bonds”) (a.6s, ="double bonds”) 


H2S 
butane 
AP 
butane 
abs. 
butane 
d.bs. 

l 1 1 MS 
200 600 : : 1000 1400 200 400 600 
Time (min). Time (min.). 








a.bs./H2S 




















The corresponding results for the reaction of butane with sulphur at 349° are givenin Table IV, 
and are shown graphically in Fig. 7. The results for similar analyses in the reactions of propane 
and ethane are given in Tables V and VI. 


TABLE III. 
Analytical results for the reaction of hexane with 0°100 g. of sulphur at 349°. 


Initial “ Double “ Double “ Double 

hexane = Protai AP. i bonds” _H,S_ bonds’ AP __ bonds’ 

(mm.). (mm.). (mm.). in.). de (mm.). Hexane’ Hexane’ Hexane’ H,S 
20-5 67-0 5-0 : 24-4 0:28 1-19 0-24 4:17 
22-0 86-0 20-0 . 51-5 0-90 2-34 0-91 2-62 
23-5 103-5 40-0 ° 40-6 2-28 1-73 1-70 0-76 
23-5 123-0 78-0 . 24-1 4-42 1-05 3-33 0-24 





TABLE IV. 
Analytical results for the reaction of butane with 0°100 g. of sulphur at 349°. 


Initial ** Double 7 Double * Double 

butane —— Protas AP bonds” _H,S__ bonds AP __ bonds” 

(mm.). (mm.). (mm.). in.). .). (mm.). Butane’ Butane’ Butane’ H,S 
60-0 79-0 12-0 : 31-3 0-23 0-52 0-20 2-32 
60-0 75-5 23-5 . 32-0 0°55 0-53 0-39 0-97 
59-5 132-0 40-0 . 36-0 0-94 0-61 0-67 0-64 
60-8 145-5 67-5 : 40:8 1-52 0-67 1-11 0-44 





TABLE V. 
Analytical results for the reaction of propane with 0°100 g. of sulphur at 349°. 
Initial “* Double ** Double ** Double 


propane Prota AP Time H,S bonds ”’ H,S bonds” AP bonds ” 

(mm.). (mm.). (mm.). (min.). (mm.). (mm.). Propane’ Propane’ Propane’ H,S ° 
112 137 13-0 70 11-6 19-8 0-10 0-18 0-12 1-70 
112 170 23-0 120 31-4 20-4 0-28 0-19 0-21 0-65 
lll 180 52-5 315 74-5 26-6 0-67 0-24 0-47 0-36 
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TaBLe VI. 
Analytical results for the reaction of ethane with 0°100 g. of sulphur at 349°. 

Initial “ Double ** Double * Double 
ethane Protas AP Time H,S bonds” _H,S_ bonds” AP bonds ” 
(mm.). (mm.). (mm.). (min.). (mm.). (mm.). Ethane’ Ethane’ Ethane’ H,S 

112 128 8-0 120 8-2 10-5 0-07 0-09 0-07 1-23 

109 141 17-0 240 19-9 8-5 0-18 0-08 0-15 0-43 

114 141 16-5 360 16-7 6-0 0-15 0-05 0-15 0-36 














A comparison of the analytical results for hexane, butane, propane, and ethane shows that 
there are distinct similarities in the variation of the proportions of hydrogen sulphide and 
unsaturated hydrocarbons at the various stages. The pressure of hydrogen sulphide corresponds 
closely to the pressure increase in the early stages but exceeds it in the later stages. For all four 
hydrocarbons the initial rate of production of ‘‘ double bonds ”’ is greater than the initial rate of 
production of hydrogen sulphide. For hexane the pressure of “double bonds” rises to a 
maximum value as the reaction reaches its maximum rate. For the other paraffins this quantity 
rises quickly in the early stages of the reaction and then maintains a constant value. The initial 
ratio of double bonds to hydrogen sulphide is approximately 5 for hexane, 4 for butane, 3 for 
propane, and 2forethane. In each case the value of this ratio falls quickly to a value less than 
unity, the rate at which it diminishes decreasing from hexane to ethane. 


DISCUSSION. 


The most significant single feature of the analytical results is the observation that in the 
initial stages of the reaction the number of double bonds formed is several times the number 
which would correspond to the hydrogen sulphide formed in a simple dehydrogenation of the 
paraffin. This suggests that the mechanism involves a type of catalysed pyrolysis of the 
hydrocarbon to yield unsaturated reaction products. The similarity of the effect of hydrocarbon 
structure on the rates of the reaction with sulphur to that on the thermal decompositions lends 
support to this supposition. 

In considering a mechanism for the reaction of hydrocarbons with sulphur it will be assumed 
that the sulphur participates in a chain-initiating step as sulphur atoms. In the equilibrium 
S, ==> 85S the concentration of atomic sulphur at the temperatures used in this investigation 
would certainly be low (Preuner and Schupp, Z. physikal. Chem., 1909, 68, 129) but with atomic 
sulphur as the reacting species the reaction rate would be dependent on the sulphur-vapour 
pressure to the one-eighth power, a result which would agree quite well with experiment. 
Moreover, reaction steps involving atomic sulphur would be less complex than those in which 
higher molecular forms of sulphur were involved. In the discussion of the subsequent steps the 
example of butane will be taken as typical. 

The initial reaction is assumed to be : 


CH,CH,CH,CH, +S —> CH,CH,CH-CH, + HS (1) 


The removal of a secondary rather than a primary hydrogen atom is in accordance with what is 
known about the relative strengths of the C-H bonds (Steacie, ‘‘ Atomic and Free Radical 
Reactions,’’ Reinhold, New York, 1946). The HS radical is assumed to attack a second 
paraffin molecule : 





CH,-CH,°CH,CH, + HS —»> CH,CH,CH‘CH,+HS ... . (2) 


The alkyl radicals formed in (1) and (2) can now begin to decompose by mechanisms which are 


generally accepted as occurring in normal pyrolysis (loc. cit.; Rice and Rice, ‘‘ The Aliphatic 
Free Radicals,’’ Baltimore, 1935) : 


CH,CH,CH-‘CH, —> CH,+CH,CHICH, .. .... - (3) 
CH,CH,CH-CH, —»> CH,CH,+CH;CH, ...... (# 
Oe ee SS 


The mechanism has yielded an average of about three olefin molecules to one molecule of 
hydrogen sulphide. This gives an initial ratio of double bonds to hydrogen sulphide which 
agrees roughly with the value observed experimentally for the reaction of butane (Table IV). 

The H atom is assumed to react with sulphur as follows : 


Caan Wee ee. oe en ee ae 


yielding another radical which may attack more paraffin as in reaction (2). 
101 
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- The methyl radicals are assumed to disappear according to the reaction : 
CH; oa Ss. > tar . . . . . . . . . . . . (7) 


A value of 7 or 8 for x would yield a tar high in sulphur content. 
The apparently autocatalytic nature of the reaction may be accounted for by the increasing 
number of hydrocarbon molecules which permit reactions of the type : 


CH CIM, +S <-> CHAMCN GES 2 ww 


and yield additional chain-propagating HS radicals. The unsaturated radical might be stabilised 
as an acetylene by the loss of another hydrogen atom or might combine with another hydrocarbon 
radical in a three-body collision : 


CiiyCICH 4 CH, ~~) CHyGHMMCH, ... 2.5.6.5. 


A reaction of this last type is not essential to the mechanism, and it is assumed that most of the 
methyl radicals disappear according to reaction (7). Reactions (3) and (7) jointly may be 
considered to be chain-terminating since they lead to stable products. 

In the steady state the concentrations of radicals are given by 


d[C,H,] /dt = k,[CyHy)[S] + &,[CyH][HS] — &,[(C,H,] — &,[C,H,] = 0 
d[HS] /dé = k,[CgHy)[S] — Ae[CyH)([HS] + &.[H] [Sz] + &e(CsH,)[S] = 0 
d{H]/dt = k,[(C,H,] — &e[H][S,] = 0 
d[{CH,°CH,]/dt = k,[C,H,] — k,[C,H,] = 0. 


The rate of the reaction as measured under the conditions of the experiment is practically 
equal to the rate of production of hydrogen sulphide. Therefore 


Rate = d{H,S]/dt = k[C,H,.][HS] 


fe) +. aC HIS) 


ky[CHyo)[S](1 + eR 


a[H,S) _ 








whence 


‘ (2 a ata) 


Rate = C,[(C,Hyo)[S] + Cs[CsH,][S] 


The mechanism thus yields an expression for the rate which is of the first order with respect 
to the initial hydrocarbon presssure in agreement with experimental observation for most of the 
range investigated. It also requires the first order with respect to the sulphur-atom concen- 
tration. This latter is proportional to [S,]# and hence the rate becomes very nearly independent 
of the sulphur-vapour pressure. 

The second term of the rate expression allows for the effectively autocatalytic nature of the 
reaction. Hydrogen sulphide is formed as an end product of the reaction and is not involved 
in any of the intermediate steps. 

The primary reaction for all the hydrocarbons is assumed to be the removal of a hydrogen 
atom with the formation of alkyl and HS radicals. There is evidence (Steacie, ‘‘ Atomic and 
Free Radical Reactions,” Reinhold, New York, 1946) that the rupture of the weakest C-H bond 
occurs with increasing ease as a homologous series of paraffins is ascended. Since the formation 
of the alkyl radicals is assumed to be the rate-controlling step, the mechanism accounts for the 
observation that the reaction rate increases with the length of the straight-chain hydrocarbon. 
It also allows for the observed slight increase in rate with increased chain branching since the 
C-H bond strengths decrease from primary to tertiary groups in the hydrocarbons (Steacie, 
op. cit.; Walsh, Trans. Faraday Soc., 1946, 42, 269). That the structure of the hydrocarbon 
influences similarly the rate of the reaction with sulphur and the thermal decomposition may be 
attributed to similarities in the ease of initial rupture of the hydrocarbon chain in the two 
reactions. 

The mechanism accounts for the correspondence between the pressure increase and the 
hydrogen sulphide pressure in the early stages of the reaction, and for the observation that 
initially the number of double bonds formed is several times the number of molecules of hydrogen 
sulphide produced. The extent of the catalysed pyrolysis yielding unsaturated hydrocarbons 
will clearly be greater the longer the parent hydrocarbons. 

The above suggestions about the mechanism of attack of hydrocarbons by sulphur in the 
gaseous state apply to processes occurring during the early stages of the reaction. Beyond the 
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initial stages the reactions doubtless become increasingly complex owing to the degradation of 


primary products and to polymerisation processes which yield tars and other products of lower 
unsaturation. 


PuysicaL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. (Received, July 20th, 1949.] 
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Influencing Surface Activity.and Adsorption Rates in Aqueous Decyl 
Alcohol Solutions. 


By C. C. Appison and S. K. Hutcuinson. 


The solubility of decyl alcohol in water has been determined, and previous quantitative 
studies of the surface activity of aqueous solutions of straight-chain alcohols have now been 
extended to the decyl alcohol-water system. The paper gives a review of the main features of 
the system. The significance of surface tensions, as measured by the vertical-plate, pendant- 
drop, and expanding-drop methods,:is discussed critically. Dynamic tensions have been 
measured over a range of concentration; the adsorption rates are found to be in satisfactory 
agreement with predicted values and from these rates the energy barrier to adsorption has been 
evaluated. An attempt is made to consider individually the various factors which determine 
the magnitude of this energy barrier. 


EARLIER studies on aqueous solutions of the straight-chain alcohols (Part IV, J., 1945, 98) 
suggested that an accurate study of the decyl alcohol system might be severely restricted by 
the low solubility of this alcohol (0°0036% at 20°, cf. 0°0050% for decoic acid). It has now been 
found possible to prepare standard and stable aqueous solutions of decyl alcohol, and the 
system has been found worthy of investigation for the following reasons. 

(1) Compressibility of surface film. The surface tension of soluble films of C, to C, alcohols 
is not influenced by change in surface area. The effect is only slight at C, and C, but the 
surface tension of decyl alcohol solutions may be decreased by as much as 10 dynes/cm. by 
reduction in surface area. Since the molecule is simple, the compressibility of the film may 
be readily interpreted in molecular terms, and the system falls in that interesting region between 
the truly soluble and the truly insoluble films. In some cases where the compressibility of 
films of slightly soluble substances has been studied, e.g., benzopurpurin solutions (Doss, Proc. 
Ind. Acad. Sci., 1936, 4, 11) and soap solutions (McBain and Wilson, J. Amer. Chem. Soc., 1936, 
58, 380), the systems chosen have been less ideal in that the surface films may be influenced by 
micelle formation, change in pH, etc. These difficulties do not arise with decyl alcohol solutions. 
The compressibilities of phenol, 8-phenylpropionic and octoic acids, studied by Ford and 
Wilson (J. Physical Chem., 1938, 42, 1051), occurred only at aged surfaces and are not directly 
comparable. 

(2) Rates of desorption. When, as a result of surface compression, the surface contains an 
amount of adsorbate in excess of the equilibrium quantity, this excess is desorbed into the 
bulk solution. With the shorter-chain alcohols this desorption is very rapid and thus the 
films cannot be compressed. With decyl alcohol desorption is slower and may extend over 
several minutes; a quantitative study of the desorption process has been made. 

(3) Expansion of surface. Expansion of soluble films of sodium dodecyl sulphate (Part IX, 
J., 1948, 943) and decoic acid (Parts IV, Joc. cit., and VIII, J., 1948, 936) has been shown to 
influence the surface activity of the adsorbed molecules. Decyl alcohol solutions show a 
similar effect, and tension measurements at expanding surfaces are of use in interpreting this 
effect, and also in assessing the relative significance of chain length and polar group. 

(4) Rates of adsorption. The agreement found between the rates of adsorption determined 
by the vertical-plate method and the rates forecast by the empirical equation given in Part V 
(J., 1945, 354) provides interesting confirmation of the vibrating-jet results, and indicates that 
as far as surface properties are concerned decyl alcohol takes its appropriate place in the 
homologous series. 

(5) Energy barrier. As with the shorter-chain alcohols, the rates of adsorption in decyl 
alcohol solutions indicate the existence of an energy barrier. Its magnitude has been evaluated, 
and compared with known values for the shorter-chain alcohols. 

(6) Solubility of decyl alcohol. The solubility of decyl alcohol in water is normally considered 
to be negligible, and even in studies on films at oil-water interfaces E. Hutchinson 
(J. Colloid Sci., 1948, 8, 219) takes no account of the solubility of this alcohol in the aqueous 
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phase. Even though the solubility is small, an accurate knowledge of its value is important 
~in view of the high surface activity of decyl alcohol. Surface-tension measurement appears to 
be one of the few reliable methods available for determining the solubility. 

In the present paper consideration is given to aspects (4), (5), and (6), above, and to the 
applicability of the vertical-plate, drop-weight, and pendant-drop techniques in the decyl 
alcohol system. 

EXPERIMENTAL. 


Purity of Decyl Alcohol_—The material used was ‘‘ n-decyl alcohol’”’ supplied by Messrs. Lights Ltd. 
It had b. p. 231°/749 mm. (uncorr.) (compare 232-9°/760 mm., Lecat, Rec. Trav. chim., 1927, 46, 245; 
and 228—232°, Schrauth, Schenck, and Stickdorn, Ber., 1931, 64, 1318), and m. p. 6-0° (compare 6-88°, 
Hoerr, Harwood, and Ralston, J. Org. Chem., 1944, 9, 267; and 6-4°, Verkade and Coops, Rec. Trav. 
chim., 1927, 46, 908). Although the alcohol appeared to be pure, the b. p. and m. p. alone were not 
taken as criteria of purity owing to the high surface activity of near homologues. Accordingly, the 
alcohol was vacuum-distilled, and the distillate collected in five separate fractions. No variation in 
distillation temperature was noted. B. p.s and m. p.s, refractive indices, and static tensions for a given 
concentration (measured by the vertical-plate method) were then measured for each fraction, and no 
variation in the values was found. Hence the alcohol was considered pure. 

Preparation of Solutions.—The decyl alcohol (0-01—0-015 g.) was inserted into a weighed thin- 
walled glass capillary, open at both ends, by means of a very fine glass syringe, and the capillary tube 
and contents weighed. The capillary was submerged in the appropriate volume of distilled water 
(usually 1 1.) contained in a Pyrex-glass flask and was then broken by means of a glass rod. The 
alcohol was dissolved by continuous gentle swirling of the flask for 2—3 hours. This method was used 
to prepare solutions of concentration 0-001% and higher. More dilute solutions were obtained by 
dilution of the standards. No deterioration of the solution was found over a period of several days, 
provided that it was kept in a glass-stoppered vessel. In an unstoppered flask, appreciable loss of 
decyl alcohol occurred if the temperature was raised above 50°. 


Methods of Surface-tension Measurement. 


(A) Stationary Surfaces.—(1) Vertical-plate method. The apparatus used was essentially the same 
as that described in Part VII (/., 1948, 930). A slight modification was made in that the arm of the 
balance was counterbalanced by a light aluminium vane. This had the effect of reducing the torque 
on the torsion wire and thus gave a linear y-scale reading relationship over the whole tension range 
instead of the curve shown in Part VII (Joc. cit.). 

The choice of a suitable material for the plate depends upon the solution concerned. For instance, 
sodium dodecyl sulphate solutions give zero contact angle on a platinum plate, but give poor wetting 
on glass. In contrast, decyl alcohol solutions would not easily wet a platinum plate, there being a 
tendency for the wetted film on the plate to break up into drops almost immediately after its formation. 
However, when a glass plate was used (dimensions 5-0 x 2-58 x 0-0149 cm.) no such difficulty was 
encountered. The glass plate was suspended from the arm of the balance by means of a thin platinum 
wire; the wire was attached to the glass by adhesive wax and passed loosely through a hole in the arm. 
The glass plate was cleaned by immersion in concentrated nitric acid followed by several rinsings with 
distilled water. It was then dried by absorbent paper. 

For the measurement of adsorption rates the decyl alcohol solutions were contained in a rectangular 
trough (inner dimensions 10 x 6-43 cm., and 10-5 cm. deep) which had a ground-glass edge coated 
with a smooth layer of paraffin wax. A wax-coated glass barrier was used to sweep the surface of the 
solutions. In determining an adsorption curve, the surface was rapidly swept (this required not more 
than 1 sec.) and a stop-watch was started simultaneously. The plate was lowered into the solution 
immediately, and the tip of the balance arm lightly tapped to give zero contact angle. As adsorption 
to the surface proceeded, the plate rose smoothly through a distance of up tol cm. Where necessary a 
correction was applied to allow for the length of wetted plate (Part VII, loc. cit.). In measurements of 
tension which involve no time factor it is convenient to control the movement of the plate relative to 
the surface (in order to maintain zero contact angle) by means of the movable pointer attached to the 
torsion wire. However, when the surface tension is changing within a short time interval, accurate 
control by this means is not possible. In this case the above method of initially tapping the arm lightly 
without altering the position of the pointer was found to be satisfactory. 

Experiments were carried out in which changes in tension were followed at surfaces (a) in direct 
contact with air and in the absence of draughts, and (b) in an enclosed space which was allowed to come 
to vapour equilibrium with the liquid. The small amount of evaporation from the surface under 
conditions (a) appeared to make no appreciable difference to the surface properties of the solution, as 
recorded by the vertical plate. Therefore the vertical-plate surface-tension measurements recorded in 
this and following papers were carried out at surfaces shielded from all draughts but in direct contact 
with air, and hence represent solution—air rather than solution-saturated vapour values. 

(2) Drop-weight method. This consisted essentially of expelling a drop of approximately known 
volume rapidly (within 1—2 sec.) from a calibrated orifice and measuring the time necessary for the 
tension to fall to such a value that the drop fell away. Since adsorption to the expanding drop surface 
is negligible during the initial 1—2 seconds of formation of the drop, adsorption can be considered 
as occurring at a stationary surface throughout. The details of the technique, as applied to decoic 
acid solutions, have been described in Part VI (jJ., 1946, 579). However, in contrast to the vertical- 
plate trough measurements, evaporation from a drop surface had a profound effect on the measured 
tension values, and the results were quite unreproducible unless precautions were taken to avoid 
evaporation. Therefore, in these measurements the orifice (0-27 cm. outside diameter) was surrounded 
by a small glass vessel (approximately 10 ml. in volume and containing a little of the actual solution 
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under test) which was weighed before and after the fall of the drop. The closed space surrounding the 
orifice was allowed about 10 minutes in which to establish the necessary equilibrium vapour pressure 
before formation of the drop. 

(3) Pendant-drop method. A single experiment by the drop-weight method gives only one point 
on the tension—surface age curve. This disadvantage is overcome if the surface tensions are obtained 
by calculation from the dimensions of a pendant drop. Andreas, Hauser, and Tucker (J. Physical 
Chem., 1938, 42, 1001) photographed the magnified image of a drop thrown on a screen and deduced 
the surface tension from the horizontal and vertical dimensions of the drop. We have found that a 
simple modification involving only drop-length gives accurate results. 

A drop of the solution of known and predetermined volume (smaller than that equivalent to the 
lowest tensions to be reached) was rapidly formed on the same orifice as that used in the drop-weight 
measurements. The drop, which was illuminated directly from behind, was observed through a 
microscope carrying an eyepiece scale. A series of solutions of isoamyl alcohol of known surface tension 
were used for calibration. A drop of each solution (each drop identical in volume) was formed on the 
orifice, and the calibration curve relating drop-length with tension thus obtained. The drop of test 
solution was then formed on the orifice, and the whole time—tension curve obtained directly from the 
movement of the drop perimeter over the eyepiece scale. In order to avoid evaporation errors, the 
orifice was surrounded by a closed vessel having an optically plane glass side and containing a few ml. 
of the solution under test. 

(B) Expanding or Contracting Surfaces.—(1) Expanding-drop method. The method used was the 
same as that described in Parts VI and IX (/occ. cit.) and similar precautions were taken to avoid 
evaporation losses. 

(2) Trough method. Expanding or contracting decyl alcohol films may be conveniently studied by 
varying the surface area of the solution, contained in a trough, by means of a movable barrier. Tension 
changes were recorded by the movement of the vertical plate. The results of this work are reported in 
Parts XIII and XIV (this vol., pp. 3404, 3406) and the experimental details are recorded therein. 


DISCUSSION AND RESULTs, 


True and Apparent Surface Tensions.—In contrast to most simple adsorbates, the surface- 
tension measurements recorded below (obtained by the drop-weight, pendant-drop, and 
vertical-plate methods) indicate that the values 














obtained, in the case of decyl alcohol solutions, are Fic. 1. 
dependent upon the method of measurement. Fig. 1 * 
shows the surface tension—time curves measured for 70: 
a 0°002% solution by the three methods. Typical 
results obtained by the pendant-drop method in air rs 
are also given for comparison (curve A). The ‘$51 
results obtained by the two drop methods are in & 

, > x 
close agreement when precautions are taken to Sg¢oJ 
avoid evaporation (curve B), but there is a marked § ets 
difference between the adsorption curves obtained @ eae 
by the drop and the vertical-plate method (curves $555 ——: A 
BandC). The discrepancy between the twocurves $ 
is not apparent in the early stages of adsorption € 504 
but increases as adsorption proceeds until at 32 are oft 
equilibrium the tension recorded by the latter 4s: X\ ; 
method is 4 dynes/cm. lower than that by the drop “Ss c 
method. Curve A indicates that evaporation from 
the drop surface results in an increase in surface + . ++ x . 
tension and a consequent fall in the time taken to ° , rt a \. Gah. 
reach minimum tension. The high values given by - 4 ; S 
the drop methods (curve B) as compared with the ©-008% Decyl alcohol solution (20 ). 
vertical-plate results cannot be attributed toevapor- —@®—®— A ty te — yd veil 
ation effects since the time taken to establish BR kes Drop-weght method im cell. 
equilibrium is identical with that recorded by the —x—x— Vertical-plate method. 


vertical plate. Again, the position of curve B was 
not altered by increasing the time during which the orifice was allowed to remain in the vapour 
cell before expulsion of the drop. A strict comparison between curves B and C should involve 
the solution—vapour results obtained by the vertical plate, instead of the solution—air tensions 
recordedin curve C. The magnitude of this difference is not of significance in these experiments, 
but it should be noted that the solution—vapour results would lie slightly below curve C. 
Although the solutions used were extremely dilute, a simple calculation shows that the 
amount of decyl alcohol required for the formation of a film at the trough surface was insufficient 
to make any appreciable difference to the concentration of the solution. In view of the much 
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larger area/volume ratio involved, the possibility that a drop of solution may become partly 
denuded of solute during the adsorption process could not be overlooked; but it may be 
calculated that a drop of 0°002% solution of size equivalent toa tension of 48 dynes/cm. contains 
5°6 x 10-7 g. of decyl alcohol, whereas the formation of a close-packed monolayer on the surface 
of the same drop would require only 0°5 x 10° g. of alcohol. Any slight fall in concentration 
in the drop will be replenished by diffusion from the orifice tube so that the high pendant-drop 
tensions cannot be attributed to this cause. Again, in a drop pipette there is a large area of 
glass surface containing a small volume of liquid; if decoic acid solutions are allowed to stand 
in a drop pipette the concentration in the solution falls owing to adsorption of the acid at the 
glass surface with consequent increase in the measured tensions. However, similar experiments 
with decyl alcohol solutions have shown that adsorption at the glass surface does not occur. 


TABLE I. 


Concn. of decyl alcohol, % ° 0-001 00015 0-0020 0-0025 0-0030 
Surface tension, Psst meron method... 62-5 54-8 48-4 43-5 39-5 36-0 
dynes/cm. Pendant-drop method... 62-9 56-9 52-5 48-4 44-9 41-6 


Table I shows the surface-tension values determined for decyl alcohol solutions by the 
vertical-plate and the pendant-drop method over a range of concentration. The discrepancy 
diminishes as concentration decreases and becomes negligible at tensions above about 
64 dynes/cm. Experiments on solutions of shorter-chain alcohols have shown that below 
C, no discrepancy occurs and that at C, the discrepancy is little more than the experimental 
error. Since the discrepancy becomes wider as the surface excess increases (Fig. 1 and 
Table II) it is most readily interpreted as arising from the lateral adhesion between the 
adsorbed molecules. The vertical-plate method is known to record true surface pressures for 
insoluble as well as soluble films (Harkins and Anderson, J. Amer. Chem. Soc., 1937, 59, 2189), 
so lateral adhesion does not influence surface tension or pressures measured by this method. 
In contrast, any lateral adhesion in an adsorbed film on the surface of a hanging drop will tend 
to create a ‘‘ bag ”’ round the drop, and will be equivalent to an additional upward force acting 
on the drop. The measured tension in such a system will then be an apparent value only and 
the difference between the equilibrium tensions shown by curves B and C (Fig. 1) is a measure 
of the magnitude of this ‘‘ bag” effect. In surface films of more complex molecules this effect 
may become considerable; thus Dognon and Abribat (Bull. Soc. Chim. biol., 1941, 28, 62) have 
shown that the apparent surface tensions of serum solutions may be increased as the result 
of this ‘‘ bag ” effect to values higher than that for pure water. Since this effect is not restricted 
to films of complex molecules, the statement of Andreas, Hauser, and Tucker (loc. cit.) that the 
pendant-drop method “ permits an accurate study of changes in surface composition with 
time’’ may only be true provided that accurate times, rather than accurate tensions, are 
required. 

Results obtained with expanding-drop surfaces provide support for the view that lateral 
adhesion between the molecules is responsible for the discrepancies discussed above. Fig. 2 
shows the variation in surface tension of various decyl alcohol solutions at 16° with rate of 
flow of liquid into the drop, i.e., with rate of surface expansion. The tensions increase with 
flow rate, since the rates of surface expansion are in excess of the rates at which diffusion to 
the surface can occur. At an expanding surface there can be no appreciable lateral adhesion, 
since the adsorbed molecules are moving away from one another. Since the vertical plate 
also records true tensions it is to be anticipated that the vertical-plate results (Points A) 
rather than the pendant-drop results (Points B) will form limiting values of the expanding- 
drop tensions at zero expansion rate, and Fig. 2 indicates that this is the case. 

Tension—Concentration Curve.—In view of the above considerations, the surface tensions 
recorded by the vertical plate are regarded as the true solution—air values, and the calculations 
and discussion given below and in following papers are based on these values. The molar 
concentrations of n-alcohols required to lower the surface tension of water to 55 dynes/cm. 
have been given in Part IV (loc. cit.). Although the values of C,,/C, follow Traube’s rule 
approximately, the actual ratios increase from 3°02 at C, to 3°39 at C,, with a mean value of 
3°23. The increase of C,_,/C, with chain length persists to Cy); at 55 dynes/cm. the molar 
concentration of decyl alcohol is 6°33 x 10-5, so that the mean of the C,/C,) and C,/C, ratios 


TABLE II. 
0-00037 0-00067 0 -0010 0-0019 0-0024 0-0036 
4:3 6-8 8-8 11-5 12-0 12-2 
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The Gibbs equation has been applied to the vertical-plate tensions to determine 
the surface excess over the concentration range, and the results are given in Table II. 
A surface excess of 12°2 x 10° g./cm. is equivalent to a monolayer of vertically-orientated 
decyl alcohol molecules having cross-sectional area 21°3.%. The cross-sectional area of 
straight-chain alcohol molecules is given as 21°64. (Adam, “ Physics and Chemistry of 
Surfaces,” Oxford Univ. Press, 3rd edn., 1941, p. 50). This supports the view generally held 


(e.g., Alexander, Trans. Faraday Soc., 1942, 38, 54) that surface films on more concentrated 
solutions of this type approximate to monolayers. 
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Rates of Adsorption.—The results obtained for decyl alcohol at 20° by means of the vertical- 
plate apparatus are recorded in Fig. 3. The broken line AB marks the boundary between 
dynamic and static surface tensions. The CO,H group is slightly more hydrophilic than the 
CH,°OH group and it is of interest to compare the times required to establish surface 
equilibrium in equimolar solutions of decyl alcohol and decoic acid. Some decyl alcohol values 


are compared, in Table III, with decoic acid values deduced from the measurements reported 
in Part VI (loc. cit.). 


TaBte III. 


Conca. Time to attain surface equilibrium (secs.). 
(Molar x 10°). Decy]l alcohol. Decoic acid. 
3-16 >360 
6-33 62 
9-49 38 
12-66 28 


Adsorption curves for decyl alcohol solutions have also been obtained over the full 
concentration range by the pendant-drop method. As these are considered to be apparent 
values only, they are not reproduced here; at all concentrations they gave somewhat higher 
tension values, but the times required for establishment of surface equilibrium were in 
agreement with the vertical-plate values given in Fig. 3. 

In Part V (loc. cit.) an empirical equation was deduced for the C,—C, alcohols relating the 
rate of arrival of the molecules at the surface (i.e., dI'/dt) with time. This rate of arrival was 
expressed in terms of a “true” (rather than a mean) velocity v, where v = (100/c) dI'/dt. 
Although v was employed as an empirical term, its use may lead to misunderstanding (see, 
e.g., Blair, J. Chem. Physics, 1948, 16, 113) if it is related too closely with considerations of 
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adsorption mechanism. It is therefore proposed to discontinue its use, and the empirical 
equation then becomes 

ar c 

a = Too -a%te-akt ° ° ° ° ° ° ° . (1) 
By extrapolation to C9, the constants » and k become 2:1 and 10, respectively. Since the 
decyl alcohol solutions used are very dilute, a = 28c, where c is the percentage bulk 
concentration. Employing equation (1), values of (100/c)dI'/d¢ for three concentrations of 
decyl alcohol at 20° have been calculated and are shown by broken curves in Fig. 4. The 
values obtained experimentally (deduced directly from the data given in Fig. 3) are super- 
imposed in Fig. 4 as fulllines. In view of the fact that (a) the constants used in equation (1) 
were extrapolated values and (b) the equation was developed on the basis of adsorption times 
not exceeding 0°1 sec., the agreement is good and indicates that there is no fundamental 
difference between the factors governing the rapid adsorption of the short-chain alcohols and 
those controlling the slower adsorption in systems of the decyl alcohol type. 
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Solubility of Decyl Alcohol in Water.—The surface tension of a saturated solution of decyl 
alcohol, measured by the vertical-plate method, has been found to be 32°5 dynes/cm. at 20° 
(spreading experiments reported in Part XII, following paper, indicate that this is the tension 
which is characteristic of the decyl alcohol monolayer). Extrapolation of the tension— 
concentration curve (obtained from Table II) to 32°5 dynes/cm. gave the solubility of decyl 
alcohol at 20° as 0:0036%. The same value was obtained by expanding-drop measurements. 
The solubilities of the C;—C, alcohols are listed in Part IV (loc. cit.) The value for butyl 
alcohol for 20° is given as 7°90% (Seidell, “‘ Solubilities,’’ p. 265). A linear relationship exists 
between chain length / and the logarithm of the solubility at 20°, which may be expressed by 
the equation / = 5°65 — 1°78 log S, where S = % solubility. By the application of this 
surface technique it may be possible to determine the solubility of slightly soluble compounds 
of even longer chain lengths which are normally considered to give purely insoluble films. 

The Energy Barrier.—It is clear from the foregoing that : (1) the changes in surface tension 
recorded in Fig. 3 arise directly from the adsorption process, and (2) the times concerned are 
considerably in excess of those which would have been observed had the adsorption involved 
only normal diffusion to the surface. Consequently, some form of energy barrier to adsorption 
must exist. For experimental reasons, accurate surface-tension measurements on some of 
the shorter-chain alcohols (e.g., amyl alcohol, Part II, J., 1944, 252) are only available over 
the latter part of the time range. In view of the slower adsorption rates experienced with 
decyl alcohol, tension measurements may be carried out over almost the whole time range. 
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The results in Fig. 3 may therefore be suitably employed in a quantitative study of the energy 
barrier and of the factors which determine its magnitude. 

Although adsorption is accepted as a hindered process, the actual nature of the energy 
barrier must depend upon the system concerned. Doss (Kolloid Z., 1938, 84, 138; 1939, 86, 
205) has suggested that, in electrolyte solutions, the energy barrier may be electrical in 
character. With non-electrolytes such as decyl alcohol, electrical factors can have little 
significance, but there seems to be no reason why the energy barrier should not be purely kinetic, 
only those solute molecules possessing kinetic energy in excess of the barrier value being capable 
of penetrating the surface. Alexander (Trans. Faraday Soc., 1941, 37, 15) considers that the 
well-known slow changes in tension which occur after the establishment of initial equilibrium 
may arise from the penetration of the surface by additional molecules, and this picture may 
apply to the initial adsorption process also. Blair (/oc. cit.) has obtained the equation 


enn _ 2%o(FJ + Lk) | (2%)' 
F 


Tr 





where m, is the bulk concentration, D the diffusion coefficient derived by Ward and Tordai 
(J. Chem. Physics, 1946, 14, 453), and J and L are constants for a given solute. From this 
equation the energy barrier } may be calculated from measured values of surface pressure F 
and surface age ?. 

This equation being used, the energy barrier has been evaluated for n-decyl and n-octyl 
alcohols from the adsorption data given in Fig. 3 and Part IV (loc. cit.). The results recorded 
in Table IV were obtained by using values of ¢ at which F was half-way to its maximum value. 
Diffusion coefficients D were obtained by extrapolation from the data given by Ward and 
Tordai (loc. cit.). 

TABLE IV. 
Alcohol. 1%. J,em* x 1078, L. D, cm.* x 10°*/sec. A, cals. /mol. 
n-Octyl . 12-9 0-728 5-94 378 
n-Decyl . . 1-026 4-75 176 


The energy barrier values are plotted against chain length in Fig. 5 (full curve B) together 
with the values calculated by Blair (loc. cit.) from the C;—C, alcohol results reported in Part IV 


(loc. cit.). 

The empirical equation discussed earlier, equation (1), contains constants m, k, and a, the 
significance of which has not yet been defined in terms of adsorption mechanism. Since the 
equation applies over the full C,—Cy,, range, at least one of these constants must be related to 
the energy barrier. The values of & for the appropriate chain length, multiplied by a constant 
factor of 8°32, are also recorded in Fig. 5 (curve A). This curve follows the energy barrier 
curve closely, so that & is clearly a function of the energy barrier. 

All the values of 4 shown by curve B (Fig. 5) are calculated for surfaces at which adsorption 
is half complete. In order to determine whether the magnitude of the barrier varied with the 
amount of surface excess, 4 values have been determined at various stages in the adsorption 
process. This may be done by evaluating A along a single adsorption curve or by employing 
various adsorption curves. Blair’s results (loc. cit.) indicate that for the C,, C,, and C, alcohols 
there is little variation in 2. A small variation was observed at C, and the variation at Cy, is 
quite appreciable. The highest calculated values are shown by the broken curve C (Fig. 5) 
and the divergence between curves B and C illustrates the significance of the surface excess. 
Values of 2 calculated for various concentrations are plotted against the surface excess I in 
Fig. 6. With increasing I the magnitude of the energy barrier passes through a minimum ; 
thereafter it rises rapidly and approaches asymptotically the monolayer value of [I = 
12:2 x 10-8 g./cm.?. 

In order to interpret the shape of the curve in Fig. 6 it is necessary to consider in more 
detail the factors involved in the operation of the energy barrier. In penetrating into the 
surface film, adsorbate molecules are considered as being influenced by the following factors : 
(1) they must overcome the attraction of the water molecules; (2) they will be mechanically 
hindered by the adsorbed molecules already in the film; and (3) there will be a force of 
attraction (which is responsible ultimately for lateral adhesion) between the adsorbing molecule 
and those already adsorbed. 

Factor (1) is the major influence, since it determines the order of magnitude of the energy 
barrier. As chain length increases the attraction between water molecules and solute molecules 
diminishes; this is apparent from the decrease in solubility and increase in surface activity, 
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and on these grounds it seems reasonable that the energy barrier should also diminish with 
increasing chain length (Fig. 5). For the same reasons the reverse holds for the desorption 
process, and the energy barrier to desorption increases with increasing chain length (Part XII, 
following paper). Factor (1) may be considered to be independent of the state of the surface, 
but factors (2) and (3) are directly dependent on the surface excess. When the surface excess 
is small, an adsorbing molecule is unlikely to encounter any appreciable hindrance in 
penetrating the surface film. As the adsorbed molecules become more close-packed the 
difficulty of penetration will increase sharply. The significance to be attached to the 
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orientation of solute molecules arriving at the surface will also depend on the surface excess, 
At small I’ values orientation is not likely to be important, but as the monolayer is approached, 
penetration of the surface may be restricted to those solute molecules which, on arrival at the 
surface, are orientated in the same direction as the adsorbed molecules. Factor (3) is unlikely 
to modify the energy barrier to more than a small extent. Whereas the operation of factor (2) 
increases the apparent energy barrier, factor (3) should decrease it to an extent approximately 
proportional to the surface excess. Factors (2) and (3) will operate together to modify the 
magnitude of the barrier as determined 
by factor (1). The mean effects of factors 
(2) and (3) should cause the curve to pass 
through a minimum of the type shown in 
Fig. 6. 

Further direct support for the existence 
of a minimum in the energy barrier curve 
may be obtained from a study of the rates 
of adsorption reported in Fig. 3. For a 
solution of any given bulk concentration 
there is a particular value of surface excess, 
which is equivalent to the lowest energy 
state for a surface of that solution. The 

7 2 rate at which solute molecules possessing 
aL, (9.x 0"/cm sec). the necessary kinetic energy will pass into 
the surface film depends, for a constant 
energy barrier and bulk concentration, on the extent to which the surface excess falls below 
the equilibrium value. If, then, we imagine the energy barrier to be constant, and consider 
solutions of various concentrations having the same surface deficit, the rate of arrival of 
molecules at the surface should be directly proportional to the concentrations of the solutions 
(assuming that the distribution of energy between the solute molecules in the bulk solution is 
not influenced in these dilute solutions by change of concentration). In Fig. 7 the rate of 
arrival of molecules at the surface (dI'/dt) is plotted against the surface deficit — AT for three 
concentrations. For any given —ATI value (e.g., line AD, Fig. 7) the existence of a constant 








+ 





[1949] The Properties of Freshly Formed Surfaces. Part XII. 3395 


energy barrier would imply that AD = 2AC =4AB. The measured ratios are listed in 
Table V. 


TABLE V. 
Rate of arrival dI’/d#. 


(2). (3). 
c= 0-001%; c = 0-0005% ; 
Tequi. = 9°05. Tequu. = 5°45. Ratio (1)/(2). Ratio (2)/(3). 
0-15 0-10 1-40 1-50 
0-24 0-15 
0-33 0-19 
0-41 0-24 
0-51 0-30 
0-62 — 
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The fact that the ratios shown in Table V deviate from a constant value of 2 implies that 
the energy barrier varies with surface excess, and an energy barrier curve of the general form 
shown in Fig. 6 is necessary to restore these ratios to 2. For example, for c = 0°002% and 
—AT = 1, A = 330 cals./mol. (Fig. 6) and for c = 0°001%, 4 = 190 cals./mol. This difference 
in A may be regarded as responsible for the fall in ratio (1)/(2) to 1°40. Similarly, for —AT = 6 
and c = 0°002%, A = 160 cals./mol. and for c = 0°001%, %’ = 210 cals./mol., and since the 
ratios lie on either side of 2, it follows that the energy barrier curve must possess a minimum, 
The exact position of the curve in Fig. 6 cannot at present be drawn with sufficient accuracy 
to permit a fully quantitative study of these rates of adsorption, particularly at the smaller T 
values, but the above interpretation presents a clear picture of the significance of the energy 
barrier in the decyl alcohol system. 
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709. The Properties of Freshly Formed Surfaces. Part XII. An 


Experimental Study of the Desorption Process with Particular Refer- 
ence to Aqueous Decyl Alcohol Solutions. 


By C. C. Appison and S. K, HuTcHINsoNn, 


Desorption from soluble films of decyl alcohol has been found to be sufficiently slow to be 
measurable by the bien yt or technique. An excess of alcohol in the film, beyond the 
equilibrium value, has been obtained by two methods: (a) by pouring the solution into a trough 
having small surface area, and (b) by spreading a film of decyl alcoho] on the surface. Desorption 
tates have been found to depend on surface excess and temperature rather than on the bulk 
concentration of solute. As chain length decreases, the desorption rates increase; at chain 
lengths below C, desorption is too rapid to be measurable by these techniques. The sensitivity 
of desorption rates of decyl alcohol to temperature is probably responsible for a unique change 
in the sign of the temperature coefficient which is observed with the equilibrium surface tensions. 


In the studies of rates of adsorption by the vertical-plate method (Part XI, preceding paper) 
the surface was invariably swept by means of a waxed barrier immediately before the vertical 
plate was applied to the surface. Under these conditions the surface tension fell from the water 
value to the equilibrium value. However, it was observed that when an aqueous solution of 
decyl alcohol having the equilibrium surface tension was poured into the trough, and the vertical 
plate applied immediately to the unswept surface, the initial tension was below the equilibrium 
value by as much as 10 dynes/cm. The tension then increased to the equilibrium value during 
about 500 seconds at room temperature. Since care was taken to ensure that the surfaces were 
free from contamination, the pouring of the solution from one vessel into another was clearly 
responsible for the initial low tensions. (Fig. 1 shows typical results obtained at 20° for two 
concentrations, at the swept and the unswept surfaces.) The upward drifts in tension were 
reproducible and were considered to be sufficiently unusual to merit fuller investigation. Since 
the initial surface tension at an unswept surface is lower than the equilibrium value, the surface 
must contain an amount of decyl alcohol greater than the equilibrium surface excess. In the 
process of pouring a decyl alcohol solution from its containing vessel into the trough a large 
surface area iscreated. This area is then, in effect, reduced to the surface area of the trough, and 
if the desorption of decyl alcohol is sufficiently slow this pouring process could result in an over- 
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crowding of the alcohol molecules on the surface of the solution in the trough. The subsequent 
upward drift in tension would then reflect the desorption of that quantity of decyl alcohol in 
excess of the equilibrium value. On this basis decyl alcohol solutions would represent an ideal 
system for quantitative studies of the desorption process, in view of the readily measurable rates 
of desorption involved. The following preliminary experiments were carried out in an attempt 
to confirm the above interpretation. 

(1) Influence of Surface Area of Trough.—Fig. 2 shows upward drifts in tension obtained for 
unswept surfaces at 20° over a range of concentration. With the exception of curves B and D 
all the curves were obtained by using a trough which gave a liquid surface area of 78°5cm.*. In 
each experiment the trough was filled in about 15 seconds by pouring the solution (675 ml.) at a 
uniform rate from the same 1-l. flask. Curves B and D were obtained by employing an identical 
experimental technique except that the troughs had a smaller liquid surface area. As expected, 
decrease in surface area of the trough resulted in a further fall in the initial tension, but the 
equilibrium value to which the tension ultimately drifted was independent of surface area. 
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(2) Partitioning of the Trough.—The rectangular trough was divided into two equal chambers 
by means of a vertical waxed glass partition which reached to within 0°5 cm. of the bottom of 
the trough. Thus the only way by which liquid could pass from one chamber to the other was 
through the narrow space beneath the partition. Solution was then added to the trough until 
the bottom of the partition was just covered. This required only a few ml., and the surface was 
then in two distinct and unconnected portions. These surfaces were allowed to stand until the 
equilibrium surface tension was reached, The trough was then filled to the requisite level by 
pouring the solution into one chamber only. Of the two surfaces thus formed, the one through 
which the solution had been poured was expected to show molecular overcrowding and thus a 
low surface tension, while by the same reasoning the tension at the other surface should not 
have deviated from the equilibrium value. Measurement of the tension at the two surfaces 
immediately after pouring was complete confirmed that this was the case. 

(3) Influence of Surface Bubbles——During the pouring of the decyl alcohol solution into the 
trough any. bubbles formed on the surface broke almost immediately. When decyl alcohol was 
dissolved in N-sodium hydroxide solution, any bubbles formed were found to be much more 
persistent, and to have a marked effect on the surface properties of the film. The effect is 
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illustrated in Fig. 3. In the absence of surface bubbles, solutions of decyl alcohol in n-sodium 
hydroxide showed an upward drift (Curve B) but the equilibrium surface tension was lower 
(cf. Curve A) than in the case of the aqueous solution. This lower tension is probably to be 
associated with the reduced solubility of decyl alcohol in sodium hydroxide solutions. When the 
surface was partly covered by bubbles (although no bubbles were in contact with the vertical 
plate) the upward drift was almost completely eliminated and the surface tension remained at an 
approximately constant value over the measured time range (Curve C). This may be explained 
by considering that any decrease in surface excess at the bubble-free surface which occurs as a 
result of desorption is replenished by the decyl alcohol which is adsorbed at the bubble surfaces 
and thus is out of direct contact with the bulk of the solution. 

The above preliminary experiments and the more detailed measurements given below have 
confirmed that when a decyl] alcohol solution is poured from one vessel into another, the molecules 
adsorbed at the new surface so created are over- 
crowded as a result of their slow rate of desorption, Fic. 3. 
and that this simple pouring process is therefore . a 
equivalent to compression of the surface film. It is A 
noteworthy that when an aqueous solution of sodium 
dodecyl sulphate was allowed to fall through an oil 
layer, Alexander (Trans. Faraday Soc., 1941, 37, 
15) observed that the initial interfacial tension was 
a few dynes less than the equilibrium value; this 
was attributed to “ an initial interfacial overcrowd- 
ing by the adsorbed molecules liberated when the 
unstable emulsion drops coalesce.” 

No experimental study of the desorption process 
in alcohol—water systems has yet been made. Be- 
cause of the experimental simplicity of the ‘‘ com- 
pression-by-pouring ”’ technique it has been used to 
explore the influence of concentration, temperature, on e " - . 
and chain length on rates of desorption, and the 0 700. 200 300 400 500 600 
results are discussed below. Surface age (seconds). 

Concentration.—Tension-time curves at 20° have Curve A: 0-002% Decyl alcohol alone (23°). 
already been given in Fig. 2. The upward drifts B: 0-002% Decyl alcohol in N-sodium 
which are obtained over the full concentration Rpaile : to saefaes Wiles. 

Poe saa : . : C: 0:002% Decyl alcohol in n-sodium 
range are similar in magnitude; desorption requires hydroxide: approx. 30% of sur- 
about 500 seconds for completion, and this time face carrying bubbles. 
is almost independent of concentration. Below 
about 0:0025% concentration the initial tensions do not fall below the uncompressed mono- 
layer value of 32°5 dynes/cm. At higher concentrations the initial tensions are below this 
value; for these solutions, which are not saturated, compression of a monolayer or near-mono- 
layer results in very rapid desorption (see below) so that the tension does not remain, except for 
a brief interval of time, below the monolayer value of 32°5dynes/cm. However, when a saturated 
solution of decyl alcohol is poured into the trough the monolayer already present will be further 
compressed. Although this will involve the introduction into the monolayer of few additional 
molecules, the increase in surface pressure may well be appreciable. These additional molecules 
in the surface will not remove the bulk concentration far from the saturation value, and in 
consequence desorption will be slow. Thus the initial low value of surface tension (26 dynes/cm.) 
is maintained for about 150 seconds and the tension thereafter drifts to the value equivalent to 
the uncompressed monolayer. This drift represents the transfer of those molecules which are 
in excess of the uncompressed monolayer, from the surface into bulk solution to restore saturation. 

Support for the above interpretation is provided by measurements carried out over a narrow 
temperature range on a decyl alcohol solution saturated at 20° (Fig. 4). When the temperature 
is increased above 20° the concentration is then below the saturation value. In consequence, 
the rate of desorption from the compressed monolayer is increased, and the initial period of 
constant tension is diminished, until at 27°5° the curve given by this solution is similar in shape 
to the curves shown in Fig. 2 for unsaturated solutions at 20°. 

Temperature.—Desorption curves obtained within the temperature range 15—55° are given, 
for three separate concentrations, in Figs. 5—7. Similar sets of curves were obtained for several 
other concentrations, and in each set the following features are evident. 

(a) The time taken to reach equilibrium tension diminishes rapidly with increasing temper- 
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ature, indicating that the rate of desorption of decyl alcohol from the surface is extremely 
sensitive to temperature changes. For example, the period of 500 seconds which decyl alcohol 
solutions require to reach surface equilibrium at 20° is reduced to about 30 seconds at 50°. On 
the other hand, adsorption rates are little influenced by temperature changes (see, ¢.g., decoic 
acid measurements given in Part VI, J., 1946, 579). These differences may be suitably explained 
on the assumption that the energy barrier to desorption (as well as to adsorption) is purely 
kinetic in nature. It may be calculated from experimental evidence such as that given in 
Fig. 1 that if the surface excess is deficient by an amount —AT = 2 x 10° g./cm.* below the 
equilibrium value, the adsorption process in a solution of 0°0011% concentration requires 
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23 seconds to restore equilibrium, whereas if the surface contains an amount +AI'= 2 x 10% 
g./cm.* above the equilibrium value, the desorption process requires 450 seconds to restore 
equilibrium. It is clear from this example, chosen at random, that the energy barrier to 
desorption is large compared with the energy barrier to adsorption. During adsorption, a given 
small change in temperature will cause a slight shift in the energy distribution curve of the 
dissolved molecules, but will not make any considerable difference to the proportion of these 
molecules having kinetic energy above the barrier value. On the other hand, the kinetic energy 
of molecules of decyl alcohol adsorbed in a surface film may be regarded as being reduced, partly 
as a result of lateral adhesion, to a value below that possessed by corresponding molecules at the 
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same temperature in bulk solution. By increasing molecular agitation, an increase in 
temperature reduces the effect of lateral adhesive forces and thus raises the kinetic energy of a ~ 
larger proportion of the alcohol molecules above the barrier value. 

(b) Increase in temperature gives rise in the first place to an increase in tension. At a 
certain temperature the sign of the temperature coefficient is reversed sharply and beyond this 
temperature the tension falls regularly. In Figs. 5—7 the desorption curves obtained at 
temperatures where the temperature coefficient is positive are shown by full lines; beyond the 
inversion temperature the curves are shown, for clarity, by broken lines. 

(c) Both positive and negative temperature coefficients are of the order of 0°5—1-0 dyne/cm. 
per degree. This coefficient is in agreement with the values determined for decoic acid solutions 
(Part VI, Joc. cit.) but is again considerably in excess of the order of values (0°1 dyne/cm. per 
degree) for solutions of long-chain electrolytes (Powney and Addison, Trans. Faraday Soc., 1937, 
38, 1243) or short-chain compounds. 
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The two features (b) And (c) are probably closely related to one another, and may be considered 
together. Fig. 8 shows the relation between the equilibrium surface tension and temperature, 
over a range of concentration. This figure illustrates clearly the sharpness of the temperature 
inversion, and the constancy of the temperature coefficient on either side of the inversion point. 
The large positive temperature coefficient is probably to be attributed mainly to the differing 
sensitivity of adsorption and desorption rates to temperature. Since increase in temperature 
considerably increases the desorption rates but has no marked influence on the adsorption rates, 
the equilibrium surface excess will be appreciably reduced, with a consequent rise in the surface 
tension. The magnitude of the coefficient may also arise partly from the disorientation of the 
adsorbed molecules at the higher temperatures (Part XIV, succeeding paper). The adsorption 
and desorption rates, at any temperature, may be calculated from the data presented in this 
paper and Part XI (preceding paper). Fig. 9 shows calculated values (curves B and C) for a 
solution of concentration 0°0015%. The surface excess is considered as being displaced by 
equal amounts +AT = 2°0 x 10 g./cm.* from the equilibrium value at each temperature, and 
the rate at which the system moves to equilibrium is expressed as dI'/d¢. It will be seen from 
Fig. 9 that the inversion temperature (Curve A) is the temperature at which the rates of adsorption 
and desorption become equal. The position of curves B and C may be slightly incorrect owing 
to the use of the Gibbs equation in determining AT at the higher temperatures, but this will not 
be sufficient to alter the general picture. Although it is clear from the above considerations 
that there should be a change in the direction of the y-T curves (Figs. 8 and 9) at the point where 
the two rates become equal, the rapid fall which occurs thereafter is not readily interpreted. 
Increase in surface pressure with increasing temperature is characteristic of insoluble films, but 
it seems unlikely that the film may be treated as insoluble over temperature ranges at which 





[1949] Freshly Formed Surfaces. Part XII. 3401 


desorption rates are highest, and further work is in progress in an attempt to elucidate this 
feature. 

Chain Length.—In order to determine whether the compression of the surface film by pouring 
the solution is an effect which is peculiar to decyl alcohol, similar experiments have been carried 
out on solutions of shorter-chain alcohols, and the results are shown in Fig. 10. The effect 
persists down to C,, but is scarcely detectable 
at C,. As chain length decreases, the extent Fic. 10. 
to which the films may be compressed also 
decreases, and the time required for re- 
establishment of surface equilibrium is re- 
duced. The equilibrium values of tension 
recorded in Fig. 10 have no particular signi- 
ficance; concentrations were so chosen that 
each solution gave a similar initial tension. 

There is an almost linear relationship 
between the extent of the upward drift Ay 
under standard conditions, and the chain 
length. The results are consistent with the 
view that as chain length decreases the solu- 
bility in water increases, and there is a con- 
sequent fall in the value of the energy barrier qo 
to desorption (compare the corresponding 
increase in energy barrier to adsorption, 

Part XI, preceding paper). This view is supported by parallel experiments carried out on 
the corresponding straight-chain carboxylic acids and on sec.-octyl alcohol. For a particular 

‘chain length, the replacement of the CH,-OH group by the more hydrophilic CO,H group 
results in an increased solubility and might be expected to reduce the compressibility of 
the film. This is found to be the case; the Ay values for n-octoic and m-decoic acids are 1°5 and 
5°7 dynes/cm., respectively, compared with 4°3 and 8°5 dynes/cm. for the corresponding alcohols. 
Again, the greater solubility of sec.-octyl alcohol compared with the straight-chain compound is 
reflected in the lower compressibility of the film (Ay = 2-0 dynes/cm.). 
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The Spreading of Decyl Alcohol Films.—Because of the desorption which occurs before 
measurement can be commenced, the desorption curves obtained by the ‘‘ compression-by- 
pouring ”’ technique represent only part of the available tension range, particularly with the more 


dilute solutions. Therefore, in order to obtain (a) direct confirmation that the results described 


above are, in fact, due to surface compression and subsequent desorption, and (b) desorption 
10K 





Addison and Hutchinson: The Properties of 


8 


Ne 


% 
Decyl alcohol 


nes/cm.). 
“g 


0-0015 To 
) 








arity tension (a 








0 100 200 300 400 500 600 
Surface age (seconds). 
—O——O— Desorption after pouring solution. 
—xX——x— Desorption after spreading film. 





Fic. 14. 


3 


~— 
N 
g 
v& 
0) 








ae 8 
+40, g.x10~*/cm?. 
Concn. of decyl alcohol, %. 


A (Water). + 00002. x 0-0005. 
© 0-0010. @ 0-0020 


& 
s 
% 
S 
Sy 
S 
< 
S 
a) 








2 $ 


nts tension (dynes/em). 








Time (seconds). 





[1949] Freshly Formed Surfaces. Part XII. 3403 


curves extending over a wider surface tension range, films of decyl alcohol have been spread on 
the surface of water and decyl alcohol solutions and the changes in tension followed by means of 
the vertical plate. In each experiment the vertical plate was applied to the surface, which was 
then allowed to come to equilibrium. The film was applied by dropping on to the surface (at 
some distance from the plate) 0°1 ml. of a n-hexane solution. This quantity of hexane solution 
contained 2°8 x 10-5 g. of decyl alcohol, equivalent to a little more than three times the monolayer 
quantity. At concentrations below about 0°0015% the tension fell rapidly as the decyl alcohol 
spread from the lens and the hexane evaporated. This stage in the experiments has less 
significance in the study of the film, and the presence of a lens is represented in Fig. 11 by 
broken lines. (All measurements were carried out at 20°.) The lens gives rise to a spreading 
pressure on the surface film and since no tension has been observed in these experiments which 
is appreciably below the monolayer value, it follows that desorption from a compressed monolayer 
into a solution which is not saturated must be very rapid. At the moment when the lens 
disappears the spreading pressure vanishes and the tension immediately begins to rise. The 
subsequent true desorption curves are given in Fig. 11 by fulllines. On the more concentrated 
solutions the lens is still present at the end of the initial tension fall; the tension then remains 
at about the monolayer value until the lens disappears. The lens does not, of course, disappear, 
and no increase in tension is observed, in the case of the saturated solution. 

Confirmation that the tension changes obtained by the pouring technique are due to 
compression of the surface film is obtained by superimposing desorption curves obtained at 20° 
by the spreading and pouring techniques (Fig. 12). At 0°002% concentration the initial tension 
obtained by each technique corresponds approximately to a monolayer, and the two desorption 
curves are almost identical. In the more dilute solutions it is not possible, by the pouring 
technique, to approach the monolayer, and the apparent differences between the two curves 
arise merely from their differing positions on the time axis. For instance, if a monolayer formed 
by spreading decyl alcohol on a solution of 0°0005% concentration is allowed to desorb, the state 
of the surface after 200 seconds (i.e., at B, Fig. 12) is the same as that initially formed by pouring 
the solution (i.e., at A, Fig. 12). 

Factors influencing Desorption Rates.—For any given solute three factors may influence rates 
of desorption from a surface film: (a) the bulk concentration of solute, (b) the amount of 
adsorbate in the film in excess of the equilibrium quantity, and (c) the temperature of the 
solution. 

(a) and (b) Influence of concentration. It is clear from Fig. 11 that the rate of desorption 
varies considerably with the concentration of the solution. However, there are two separate 
properties which are determined by the concentration, i.e., the equilibrium surface excess, and 
the number of molecules of solute in the liquid phase. The rates of desorption, recorded in 
Fig. 11, may depend upon both, or only one, of the above factors. In order to separate these 
two factors, rates of desorption (expressed as —dI"/dt) have been calculated from the results in 
Fig. 11, and are plotted in Fig. 13, curve C, against the amount of adsorbate AT in excess of the 
equilibrium quantity. The results for all concentrations lie close to a single smooth curve. The 
AT range over which —dI°/d# may be measured becomes more restricted as concentration 
increases, but the results on curve C indicate that the bulk concentration has, in itself, little 
influence on the desorption rates when compared with the influence of surface excess. 

(c) Influence of temperature. The pouring experiments indicated that change in temperature 
has a considerable influence on both desorption rates and the equilibrium tensions. The spreading 
technique has the additional advantage that it enables desorption curves to be obtained which 
are not modified by change in the equilibrium tension. Fig. 14 shows desorption curves obtained 
by spreading films of decyl alcohol on a water surface at different temperatures. Since the 
amount of decyl alcohol spread is insufficient to give rise to any appreciable bulk concentration, 
each curve returns to the water value for that temperature, and the profound effect of temperature 
changes on the desorption rates is in accord with that already observed (Figs. 5—7). Fig. 15 
shows results obtained in parallel experiments employing a solution of 0°0014% concentration. 
The general form of the desorption curves is similar to that obtained for water (Fig. 14) but the 
temperature-inversion effect (Fig. 8) is now superimposed. 

Desorption rates at 38°5° and 285° have been added to Fig. 13 (curves A and B, respectively) 
for comparison with the results at 20°. It is clear from this figure that desorption rates depend 
largely on temperature and surface excess, and that bulk concentration is of less importance, 


THE UNIVERSITY, NOTTINGHAM. (Received, July 22nd, 1949.]} 








3404 Addison and Hutchinson: The Properties of 


710. The Properties of Freshly Formed Surfaces. Part XIII. The 
Compressibility of Soluble Films of Decyl and Other Alcohols. 


By C. C. Appison and S. K. HutTcHINson. 


The influence of compression rate on the compressibility of soluble films of decyl (and lower) 
alcohols has been studied by using the vertical-plate method together with a trough and rapidly 
moving barrier. Both equilibrium and non-equilibrium surfaces have been studied in order to 
assess the relative significance of surface excess and bulk concentration. Desorption from a 
compressed monolayer has been found to be almost instantaneous. 


THE pouring of a decyl alcohol solution from its containing vessel into a trough is equivalent to 
compression of the surface (Part XII, preceding paper), but under given experimental conditions 
the rate of compression cannot be varied. The present paper is concerned with the influence 
of compression rates on the properties of equilibrium and non-equilibrium surface films. 
Surface tensions were measured by the vertical-plate method. The solution was contained 
in a small rectangular waxed trough having internal length 10°0 cm. and width 6°43cm. Ineach 
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experiment a waxed barrier was placed on the trough parallel to the shorter edge and in such a 
position that the surface area surrounding the vertical plate, before compression, was 612 cm.?, 
The surface was then compressed by moving the barrier, at constant speed, through a distance 
of 3°5 cm. to reduce the area to 38°7 cm.?._ In all experiments these initial and final areas were 
standard. 

Compression of Equilibrium Surfaces.—Before each determination the surface of the solution 
was swept, the barrier placed in its initial position, and the surface allowed to recover its 
equilibrium tension. The surface was then compressed, and the results obtained at 22° with 
solutions of »-decyl and n-octyl alcohols are given in Fig. 1. The tension fell during the 
compression process; the decrease in tension is, of course, a function of the extent of compression 
and the Ay values in Fig. 1 represent the full decrease brought about by compression from 612 
to 38°7 cm.*. Each point in Fig. 1 therefore represents a separate experiment. The highest 
compression rates shown are obtained by movement of the barrier through 3°5 cm. in 1°5 secs. 
Various mechanical devices for moving the barrier smoothly and rapidly were considered, but 
it was found most convenient, and the results were quite reproducible, when the barrier was 
moved by hand and a half-second metronome employed. It would appear from the decyl 
alcohol results in Fig. 1 that, although there is a general increase in Ay with rate of compression, 
it is difficult to correlate this increase in tension with concentration. However, the compressi- 
bility of a soluble film may be defined as the extent to which the equilibrium surface excess may 
be exceeded as a result of reduction in area. Accordingly, for any given concentration, the AT 
values equivalent to Ay may be accepted as a measure of the compressibility of the film. The 
decyl alcohol results in Fig. 1 have therefore been transcribed into AI'-concentration curves in 
Fig. 2, and the system so obtained is quite regular. 

Over the range of concentrations and compression rates given in Fig. 2, it was observed that 
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in no case did compression of the surface lower the surface tension appreciably below the mono- 
layer value (32°5 dynes/cm.). At concentrations below that shown by the line XY (Fig. 2) the 
standard area reduction was not sufficient to produce a monolayer at the smaller surface area. 
Over the major range of concentration, i.e. above XY, a monolayer is produced, and it follows 
from Fig. 2 that desorption from the compressed monolayer must be almost instantaneous. 
Considering concentration XY, the standard compression would increase the surface excess 
(in the absence of desorption) from the equilibrium value (77 x 10-* g./cm.*) to the monolayer 
(12°2 x 10° g./cm.?). Fig. 2 (Curve A) shows that the AT value obtained is 3°2 x 10-* g./cm.?, 
so that an amount 1°3 x 10° g./cm.* is desorbed from the film in the 3-second compression 
interval. At higher concentrations the monolayer is reached at an earlier stage in the 
compression process. For instance, at a concentration of 0°002%, I equilibrium = 11°6 x 10° 
g./cm.?; the standard compression, in the absence of desorption, would increase this to 
18°3 x 10-* g./cm.?, whereas experiment shows that the increase in surface excess which actually 
occurs, for a 3-second compression interval, is only 0°6 x 10-§ g./cm.*, which is the difference 
between I equilibrium and I monolayer. It follows that compression of the monolayer has 
resulted in the desorption of 6-1 x 10-* g./cm.*, a value considerably in excess of that obtained 
when no monolayer compression occurs. This result is in accord with the general principles 
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already outlined; desorption from an uncompressed monolayer is hindered by the energy 
barrier, but compression of the monolayer involves the transfer of additional energy to the 
surface molecules, so that desorption from a compressed monolayer is virtually an unhindered 
process. As the concentration is decreased below XY, the compressibility is maintained at a 
high value until I, and consequently AT, ultimately falls to zero. It is noteworthy that the 
slower the compression rate (Fig. 2), the greater is the time available for desorption, and this is 
reflected in a lower compressibility. 

It will be seen from Fig. 1 that the compressibility of n-octyl alcohol is considerably less than 
that of decyl alcohol. Identical experiments have been carried out on n-heptyl alcohol, the 
compressibility being very slight, and on m-hexyl alcohol, the compressibility being scarcely 
detectable. These experiments therefore confirm the results described in Part XII (previous 
paper). 

Compression of Non-equilibrium Surfaces.—In the above experiments a range of I’ values has 
been obtained by using solutions of different concentrations, but the results indicate that the 
compressibility of the film may be interpreted in terms of the surface excess rather than of the 
number of solute molecules in the bulk solution. The relatively slow rate of desorption of 
decyl alcohol into its solutions provides a unique opportunity for investigating this aspect further. 
When the surface is given an excess of alcohol beyond the equilibrium value (e.g., by the pouring 
process) about 500 seconds are required, at 20°, before equilibrium is restored. Thus a range 
of I values is available for a single concentration, and a number of compressibility measurements 
may be made during the desorption process. The experimental results are shown in Fig. 3. For 
each concentration the solution was poured into the trough under standard conditions and the 
fall in tension which occurred when the barrier was moved between its standard limits, 
in a 3-second time interval, was measured immediately. The experiment was repeated several 
times, different measured time intervals being allowed to elapse between the pouring of the 
solution and the measurement of compressibility. The compressibility values, expressed as AT 
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and deduced from the data in Fig. 3, are plotted in Fig. 4 against the excess on the the surface 
immediately before the measurement of compressibility, together with the corresponding values 
obtained under the same experimental conditions for equilibrium surfaces. The results for all 
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concentrations lie close to a single smooth curve. These results therefore provide independent 
support for the conclusion reached on the basis of the spreading experiments (Part XII, preceding 
paper), viz., that desorption rates in systems of this type are primarily a function of surface 
excess rather than of bulk concentration. 
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711. The Properties of Freshly Formed Surfaces. Part XIV. Further 
Studies of the Influence of Surface Expansion on Soluble Films of 
Long-chain Compounds. 


By C. C. Appison and S. K. HutTcHInson. 


Investigations on the effect of surface expansion on the properties of soluble films reported 
in earlier parts of this series have been extended by measurements of the surface tension, at 
expanding surfaces, of solutions of decyl alcohol and decoic acid over the full concentration 
range. Both expanding-drop and moving-barrier methods have been used. The latter method, 
in conjunction with the vertical plate, gives a continuous record of the tension during surface 
expansion. Both methods indicate that at high solute concentration there is close agreement 
between measured and predicted values, thus confirming the methods of calculation given in 
Part VIII (/., 1948, 936). Discrepancies which occur in dilute solution only are attributed to 
the greater ease with which disorientation can occur in the surface film as the area per 
molecule increases. The low values observed for the temperature coefficient of surface tension 
at expanding surfaces of dilute decyl alcohol solutions support this view. 


It was reported in Part IX (J., 1948, 943) that expansion of the soluble film at the surface of 
aqueous solutions of sodium dodecyl! sulphate resulted in an increase of as much as 10 dynes/cm. 
in the measured surface tension. There is no reason to suppose that in these experiments the 
surface expansion caused a decrease in surface excess, and the increase in tension has been 
attributed to disorientation of the adsorbed molecules during surface expansion. This effect 
almost vanishes when the concentration is increased above that required for micelle formation 
(0-006 m.) but it is not possible to deduce from the results in Part IX whether this is due to 
formation of micelles or merely to an increase in concentration. In Part VIII (J., 1948, 936) it 
was observed that a discrepancy of up to 6 dynes/cm. occurred between surface tensions of 
aqueous decoic acid solutions measured by the expanding-drop method, and the tensions 
calculated from stationary surface adsorption curves and measured expansion rates. Results 
for only one dilute solution were given, although the effect was known to occur with all dilute 
solutions. In view of the above it was clearly necessary to investigate the influence of surface 
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expansion throughout the full concentration range, in systems in which micelle formation does 
not occur. 

Both decyl alcohol and decoic acid provide suitable systems, and expanding-drop measure- 
ments at 20° on solutions of these two substances are given in Figs. 1 and 2. The full curves 
trace the variation of surface tension with rate of flow of solution into the drop, and the broken 
curves show the corresponding variations calculated by the method given in detail in Part VIII 
(loc. cit.). Stated very briefly, the method of calculation is as follows: If the surface area A 
increases by a known amount 8A in time 8, the surface excess I will decrease by an amount 81’, 
which can be calculated. This is partly compensated by the adsorption 8I’, which occurs during 
8t, so that 8, — 8, represents the change in I during unit interval of time. If the rate of 
adsorption to the stationary surface is known, this scheme may be developed stepwise to give 
the change in tension (or I) throughout the expansion process. 
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The results given in Figs. 1 and 2 are closely similar, and in each case the experimental and 
the calculated tensions at the higher concentration are in satisfactory agreement. As the 
concentration diminishes, the discrepancy between experimental and calculated tensions 
increases, but must ultimately fall again towards zero in extremely dilute solutions. In each 
case there is therefore a large part of the concentration range (approx. 0°0015 to 0°0036% for 
decyl alcohol and 0-003 to 0:005% for decoic acid) over which agreement is satisfactory. This 
agreement is a matter of some importance since, if fully established, it provides valuable support 
for the validity of the assumptions made in deriving the calculated tensions. These assumptions 
are discussed later in this paper. 

Trough Experiments.—At this stage it seemed desirable to obtain independent confirmation 
of the results given in Figs. 1 and 2. During expansion of a drop, the tension is continually 
changing, but by the drop-weight technique it is not possible to obtain for a particular flow rate 
more than a single point on the tension—expansion rate curve. However, by using a rectangular 
trough and vertical plate it is possible to record the surface tension throughout the full expansion 
period. The trough used was that already described in Part XIII (preceding paper) and gave a 
liquid surface area 10 x 6°43cm. In each experiment the trough was filled with the appropriate 
solution, and the barrier was then placed in such a position (parallel to the shorter edge of the 
trough) that it enclosed a liquid surface area of 15-8 cm.*._ The vertical plate was then inserted 
into this area, and the surface allowed to reach equilibrium tension. Since expansion of the 
surface involves an increase in tension the vertical plate enters more deeply into the solution. In 
order to maintain zero contact angle, the plate was wetted to a distance slightly greater than that 
equivalent to the expected tension rise by dipping it momentarily into the solution immediately 
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before movement of the barrier. The barrier was then moved, at a constant rate, thro gh a 
distance of 5-9 cm. to expand the surface area to the upper limit of 53°7cm.?. All the experiments 
described below were identical except that different time intervals were employed for the 
movement of the barrier between its standard limits. The time intervals were chosen so as to 
give rates of surface expansion of the same order as those which occur with the expanding drops. 
Since the barrier was moved with constant velocity, the rate of change of area (per unit area of 
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surface) gradually diminished during expansion of the surface. The ranges employed are com- 
pared in the following table with the corresponding ranges which are involved in the expanding 
drop method (Figs. 1 and 2). 


Trough method. Expanding-drop method. 
Range of expansion 
Time for barrier rates (% change in Liquid flow rate rates (% change in 
movement (secs.). area per sec.). (ml. x 107%/sec.). area per sec.). 
47-8 —> 14-1 31-4—>5-7 
23:9—> 71 23-6 —>4-3 
12-0—> 3-5 12-7 —> 2:3 
6-0—> 1:8 . 5-6 —>1-0 


Range of expansion 





[1949] Freshly Formed Surfaces. Part XIV. 3409 


“ihe variation of surface tension which occurs with movement of the barrier is plotted as full 
lines in Figs. 3 and 4 for various barrier velocities. The measurements were carried out at 20°, 
and the concentrations of decyl alcohol and decoic acid respectively are those at which agreement 
between calculated and experimental tensions was obtained by the expanding-drop method. 
The broken curves represent the tension changes predicted by the method given in Part VIII (loc. 
cit.), the appropriate adsorption curves and the expansion rates shown in the above Table being 
employed. In view of the rapidity with which it is necessary to record the measured surface 
tensions (and consequently the greater experimental error involved) the agreement between the 
calculated and the experimental values in Figs. 3 and 4 is regarded as quite satisfactory. 
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The trough method has also been used to confirm the discrepancy which occurs in more 
dilute solutions. Figs. 5 and 6 show experimental and calculated tension values at 20° for two 
dilute solutions of decyl alcohol at various expansion rates, and in each case the discrepancies 
are seen to be considerable. It would appear from Figs. 5 and 6 that the discrepancy increases 
when the barrier velocity is diminished, but this is probably a false picture. When the barrier 
velocity is decreased, there is more time for adsorption to occur and as a result the calculated 
tensions are lower. On the other hand, the measured tensions increase almost to the water value 
(and reach this high value more quickly for greater barrier velocities) but cannot rise above this 
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value, so that the discrepancies are unlikely to be a true measure of the loss of surface activity 
on expansion of the surface. Similar results obtained for dilute decoic acid solutions at 20°, 
with a 10-second expansion interval throughout (Fig. 7), give further confirmation that the 
discrepancies arise only in more dilute solutions. 

The effect appears to be predominantly a function of chain length, since the substitution 
of the CO,H by the CH,°OH group introduces no appreciable modification into the system. 
The experimental work has been extended to similar studies on shorter-chain alcohols; it was 
found that dilute solutions of n-octyl alcohol show a slight surface expansion effect, up to 
about 2 dynes/cm. at the higher expansion rates, but there was no detectable effect with the 
lower straight-chain alcohols. It is noteworthy that the surface tensions of solutions of sec.-octyl 
alcohol measured at the rapidly expanding surface of a jet (Part X, in the press) are in agreement 
with values calculated from stationary surface adsorption curves and measured expansion rates, 
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Interpretation of the Expansion Effect.—The trough measurements described above may be 
regarded as establishing beyond reasonable doubt that for the more concentrated solutions 
employed the assumptions made in deriving the calculated tension values were justified. Two 
major assumptions are involved : (a) the surface activity of adsorbed molecules is not influenced 
by expansion of the surface, and (b) for a particular bulk concentration and surface excess the 
rate of adsorption is also independent of surface expansion. In the more dilute solutions at 
which the discrepancies occur, one or both of these assumptions must be presumed to be invalid. 
Since assumption (b) appears to be justified over a large part of the concentration range, it seems 
unlikely that there should be any fundamental change in the mechanism of adsorption on 
dilution of the solution. The discrepancies are more readily interpreted by considering the 
decrease in surface activity to be due to disorientation of the adsorbed molecules by surface 
expansion (as already suggested in Parts VIII and IX, locc. cit.). In more concentrated solutions 
the surface film approaches a monolayer; e.g., I equilibrium for a 0°002% solution of decyl 
alcohol is 11°6 x 10-* g./cm.? compared with the monolayer value of 12:2 x 10-* g./cm.?, and 
under these conditions there will be little opportunity for disorientation. However, as surface 
area per molecule increases with falling concentration, it is possible for disorientation to occur to 
an increasing degree. Similar considerations apply to the shorter-chain compounds, but the 
shorter chains can probably recover their equilibrium orientation more readily. 

The high temperature coefficients of surface tension which are obtained for stationary 
surfaces of decyl alcohol solutions have been discussed in Part XII (this vol., p. 3395). It seems 
probable that the high coefficient may be due, at least in part, to the ready disorientation of 
adsorbed molecules caused by increase in temperature. It has been shown in Part VI (J., 1946, 
579) for dilute decoic acid solutions that this high coefficient almost disappears on expansion of 
the surface. Since this change in coefficient provides useful support for the disorientation 





[1949] Correlation of Critical Temperature, Boiling Point, etc. 3411 


hypothesis, temperature coefficients at expanding surfaces for two concentrations of decyl 
alcohol have been determined by the trough method, and the results are shown in Fig. 8. For 
the 0°0022% solution, for which it is considered that disorientation does not occur, the stationary 
surface temperature coefficient is maintained throughout the surface expansion, and it is only 
at the higher temperature (30—35°), where the tension is approaching the range for disorientation, 
that the temperature coefficient shows any appreciable decrease. For the 0°00073% solution, 
where surface expansion is considered to give rise to disorientation, the temperature coefficient 
is reduced by a factor of more than 4. 
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712. Correlation of Critical Temperature, Boiling Point, and 
Critical Pressure. 
By Leo H. THomas. 


A reliable method of evaluating critical temperatures and pressures from b. p. data is 
presented. By means of additive functions, the b. p. of a given liquid at a given pressure less 
than atmospheric may be estimated with satisfactory accuracy from the b. p. under 
atmospheric pressure. 


THE importance of a reliable method of estimating critical temperatures and pressures has 
often been pointed out (Meissner and Redding, Ind. Eng. Chem., 1942, 34, 521); a critical 
survey of existing methods has been supplied by Hertzog (ibid., p. 1072). 

Critical Temperatures.—The most recent and apparently the most reliable method is that 
due to Hertzog (loc. cit.) who relates critical temperature (T,) with the b. p. (Tg) on the 
absolute scale under a pressure of 760 mm. of mercury, by means of the equation 


eee ae 


where (P) is the parachor and a and b are constants. 

The relation between (T,/T,) and the parachor for a homologous series is sensibly linear, 
and tolerably so for a set of compounds closely related chemically. By a division into six 
groups, the critical temperatures of a selected number (140) of compounds were satisfactorily 
calculated. The division must of necessity be arbitrary, and it will be appreciated that for a 
given polyfunctional compound, a choice must be made as to which of the six a and b values 
should be employed. For such compounds then, the calculated critical temperatures cannot 
be accepted with any confidence. 

The correlation proposed of critical pressure (p,) with parachor is of a similar nature, viz., 


log p. = a — b log(P) (2) 


Further work by the author has brought to light a surprisingly simple correlation of Ty 
and Ts, and it has been found that the ratio T/T, (defined as 6) is an additive function of the 
atoms and bonds in the molecule. 

The fundamental interval for CH, was found for the paraffin series by application of 
Campbell’s “‘ zero-sum ” method (Phil. Mag., 1920, 39, 177; 1924, 47, 816) to the equations of 
type 


Omethane = Son + Ocn, 
for the hydrocarbons from methane to octane. 

This procedure gave 0oq, = 0°016. Similarly, esters gave a value 0°014, ethers 0°015, 
sulphides 0°019, thiols 0°016, aromatic hydrocarbons 0°015, cyanides 0°013, etc. The value 
ultimately selected was 0°0165 and was chosen by weighting the various series according to 
the number of CH, intervals and the estimated reliability of the critical data. 

By proceeding in the usual way, the following list of atomic and structural constants was 
drawn up (for the figures in parentheses see p. 3413). 


—0-557 (—0-393) P —0-273 (—0-198) 
—0-542 (—0-390) As = —0-250 (—0-177) 
—0-536 (—0-386) B —0-239 

N (tertiary) = —0-272 (—0-190) 

N (primary and secondary) = —0-260 (—0-168) 

oO fieone = 0-018 (0-020) O (phenols) = 0-028 (0-042) 

O (alcohols) = 0-063 (0-082) 
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S = 0-012 (0-017) F = 0-293 (0-208) 
Cl, Br, I = 0-297 (0-216) H = 0-286 (0-203) 
CO (aldehydes and ketones) = 0-045 (0-047) CN = 0-339 (0-252) 
NO, (nitrites and nitro-compounds) = 0-319 COO (esters) = 0-038 (0-043) 
COO (acids) = 0-070 (0-081) 
Double bond = 0-566 (0-400) Treble bond = 1-143 (0-830) 
Six-membered ring (aromatic) = 0-577 (0-397) Five-membered ring = 0-544 (0-386) 
= », (aliphatic) = 0-543 (0-380) Three-membered ring = 0-559 


It has not been necessary to assign a finite value to a co-ordinate covalency, and the value 
of NO, was based on nitro-compounds and the isomeric nitrites. 

Critical data for the latter types are lacking; instead, the values of T, have been evaluated 
from the viscosity—temperature relationships developed by the author (J., 1946, 573; equation 
3 and Table II). A value thus calculated for any one member of these series is not reliable, 
but over the whole series, the derived average values of 0x0, is quite consistent. Thus its 
value in various compounds was as follows : 


Nitromethane 0-325 Propyl nitrite 0-342 
Nitroethane 0-314 Butyl nitrite 0-340 
Nitropropane 0-315 Amy] nitrite 0-304 
Nitrobutane 0-311 isoAmy] nitrite 0-297 
Nitropentane 0-319 Mean value 0-321 
Mean value 0-317 


Critical temperatures and pressures have been taken from the International Critical Tables, 
and additional or more recent data from Stull’s compilation (Ind. Eng. Chem., 1947, 39, 517). 

The measure of agreement between calculated critical temperatures and the experimental 
values for a representative selection of substances is shown in Table I. 


TABLE I. 


To, pe (atm.), Error, Tw 
calc. found. Error. calc. found. %. calc. found. Error. 
190° td 79° 78° 
Silicomethane 273 113 110 
Ethylene ; 283 120 120 
365 161 161 
164 165 
171 172 
196 199 
206 207 
225 225 
225 224 
237 233 
225 223 
261 259 
247 


4 
i 


— 


Methylamine 
Ethyl chloride 
Ethyl ether 
Methyl formate 
CCl,F-CCIF, 
Ethanethiol 
Ethylidene chloride 
Chloroform 
Dipropylamine 
Ethyl sulphide 
n-Butyl alcohol 
tsoButyl acetate 
Octane 
Propionic acid 
Ethyl benzene 
Amy] cyanide 
Phenetole 
Bromobenzene 
Dimethylaniline 
cis-Decahydronaphthalene 
p-Cresol 

Benzyl cyanide 
eens 
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267 
300 
288 
289 
313 
299 
320 
329 
315 
343 
333 
361 
375 
359 
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6 
1 
0 
2 
0 
3 
3 
5 
0 
3 
4 
0 
2 
1 
6 
4 
0 
4 
0 
2 
5 
6 
1 
4+ 
3 
5 
0 
9 
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Of the 174 substances taken into consideration, 104 show calculated values of T, differing 
from the experimental figures by <5°, and 149 by <12°. The remaining 25 show errors of 
12—27°. 

It is difficult to arrive at a figure which may be reasonably assigned to experimental error. 
Accurate determination of critical temperatures is difficult and great discrepancies are to be 
found in the literature, especially in the earlier measurements. Thus those of Pawlewski 
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(Ber., 1882, 15, 2460) carried out on eight lower fatty esters are consistently higher by 6—8° 
than the presumably more reliable determinations by Young and Thomas (/j., 1893, 68, 1242). 

Pawlewski’s values for the higher esters and for a number of other substances are 
consistently higher than the calculated values, viz., isobutyl propionate (14°), propyl butyrate 
(15°), ethyl allyl ether (11°), isoamyl alcohol (18°), and methylal (19°). It seems reasonable 
then to ascribe ~8° at least of these errors to experimental error. 

The same remarks may also well apply to Brown’s results (J., 1906, 89, 311), of which eight 
higher esters and #ert.-amy] alcohol have been included in this correlation. These again are all 
higher by 14—26° than the calculated values. In support of this supposition, it may be pointed 
out that his figures for isopropyl and isobutyl alcohols—the only data for which comparative 
figures by other workers are available—are 9° and 14° higher respectively than those of 
Nadejdine (J. Russ. Phys. Chem. Soc., 1883, 15, 25). Work conducted on seven lower esters 
by the latter resulted in critical-temperature measurements virtually identical with those of 
Young and Thomas (loc. cit.). 

It seems probable then that, of the 25 substances mentioned above showing errors >12°, 
the relatively large errors of 15 may, at least in part, be ascribed to experimental error on the 
part of two earlier workers. The remaining substances are of a simple nature and mostly of a 
polyhalide type, viz., boron and silicon fluorides, chlorotrifluoro-methane and -silane, bromine, 
hydrogen iodide and cyanide, and carbony] chloride. 

Estimation of Vapour Pressures.—The fact that the b. p. of a substance is merely that 
temperature when its vapour pressure is equal to the arbitrary atmospheric pressure suggests 
that the ratio of the b. p. under any other chosen pressure to the critical temperature should also 
be an additive function. Although the author has not been able to show that this must of 
necessity follow from some general temperature—pressure relationship, it may be empirically 
demonstrated by applying the above method to the b. p. under a selected pressure of say 10 mm, 
Thus the values (8,9) in parentheses in the table on p. 3411 have been calculated from the b. p.s 
under 10 mm. pressure as tabulated by Stull (loc. cit.). We have then Ty™9/T>o = 9769 and 
T19/Tco = 949. Eliminating To, we get 


Tyo = (O10/Or0) X Treo s - © © © © © et ee (8) 


which provides us with a method of evaluating the b. p. of a substance under 10 mm. pressure 
from its b. p. under 760 mm. pressure or vice versa. 

Clearly, to determine the b. p. at, say, 100 mm., we may either (a) construct a list of 6 values 
at the new pressure, or (b) calculate it directly from T,.9 and Tz) by the use of one of the well- 
known two-constant vapour-pressure equations. 

Values of T,9, some of which are included in Table I, have been calculated from T 4, for 
most of the substances previously considered, and the measure of agreement is very satisfactory. 
Thus of 157 substances, 139 show errors of <4°, and the remaining 18 errors of 4—8°. The 
average error was 2°. 


TaBLeE II. 
Ty, Ty, 

Compound. . found. Error. Compound. calc. found. Error. 
Carbon tetrafluoride 104° 0° Di-(2-chloroethyl) ether... 332° 335° 3° 
Hydrogen chloride 137 Benzylamine 343 340 
Methylsilane 2 153 Ethyl carbamate 351 
Hydrogen iodide 171 Nitrobenzene 358 
Chlorine 171 363 
Formaldehyde 185 
Carbonyl chloride 
Cyanogen chloride 
Hydrogen cyanide 
Trichloromethylsilane 
Tetramethylstannane 
Piperidine 
Ethylenediamine 
Methyldichloroarsine 
Bromoform 
cycloHexanone 
Ethyl orthoformate 
Ethyl dichloroacetate 
Thiophenol 
Methyl oxalate 


Trichloroacetic acid 
-Dibromobenzene 
onan-l-ol 


Acetamide 
s-Tetrabromobenzene 
Diphenyl 

Benzoic acid 
Glutaric anhydride 
Hexaethylbenzene 
Succinimide 
Benzophenone 
Butyl phthalate 
Palmitic acid , 
Stearic acid 
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Mean error = 4°. 
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It is noteworthy that the above-mentioned 25 substances whose calculated critical 
temperatures are markedly different from the measured values gave calculated values of T,, 
which differ from the actual values also by a mean error of 2°, a fact which again may indicate 
that the discrepancies arise in no small part from inaccuracy of the critical data. 

The most satisfactory test for the validity of (3) is to predict Ty) from 77.) for a selection 
of substances whose critical temperatures are not known and which therefore could not have 
been taken into consideration in evaluating the above atomic and structural constants. Such 
a test is provided by the data of Table II. 

When such a test is applied to substituted alcohols and phenols, the calculated b. p.s under 
10 mm. pressure are consistently ~15° too high. A possible reason is that such hydroxy- 
compounds have a lower degree of association, or at least become more associated with fall in 
temperature at a lower rate than unsubstituted compounds. This possibility is being examined 
by the author’s viscometric method of determining degrees of association (J., 1948, 1345, 1349). 

Large discrepancies are also apparent for polyhydric alcohols. 

Critical Pressures.—In previous papers (J., 1946, 573; 1947, 822) the author has shown 
(1) that at corresponding temperatures for any homologous series, there is an approximately 
constant percentage increase in n*/v from one member to the next, where 7 is the viscosity and 
v the specific volume, and (2) that non-associated liquids in equilibrium with their vapours 
at the same reduced pressure have approximately the same value of 7\/v. It may easily be 
shown that these observations can be correlated by assuming that in the equation 


log p/p = A [(To/T — 1) 
the constant A is additive. 
Such an equation was shown to be closely obeyed for vapour pressures and temperatures 
between the b. p. and the critical point. Hence 


Aw(ogtidiiTelTa=1) .. 1... ss. @ 


The fundamental interval for CH, was evaluated as above for the paraffin series from 
methane to octane, which procedure gave Acy, = 0°12. Esters similarly gave a value 0°10, 
and cyanides 0°11, the value ultimately selected being 0°107. 

Critical-pressure data are not so extensive as critical-temperature data, and, apart from the 
series just mentioned, critical pressures are not known beyond the second or third member. 
Accordingly, in order to get atomic and structural constants consistent with the corresponding 0 
constants, calculated values of T/T, have been employed in (4) to evaluate all those tabulated 
below with the exception of those based on paraffins, esters, and cyanides. 


C = —2-247 O (ethers) = 0-19 
Si = —2-13 O (alcohols) = 1-112 
N (tertiary) = —0-950 O (phenols) = 0-53 
N (primary and secondary) = —0-720 S = 0-20 


Cl CO = 0-64 

Br CN = 1-775 

I COO (esters) = 0-472 
A COO (acids) = 0-985 


Double bond = 2-333 6-Membered ring (aromatic) = 2-271 
Treble bond = 4-83 - » (aliphatic) = 2-13 
5-Membered ring = 1-97 


| 


The extent of agreement between the measured values of critical pressure and those 
calculated by means of the tabulated A increments and 649 is shown in Table I. Of the 
103 substances taken into consideration in compiling the additive constants, 60 show errors of 
<5%, and 97 of <10%. The remaining six liquids show errors of 10—50% and include 
dichlorodifluoromethane (16%), trichlorofluoromethane (19%), ethyl fluoride (14%), silicon 
tetrafluoride (49%), dimethylaniline (19%), and carbon tetrachloride (27%). The large error 
exhibited by the last is quite unexpected in view of the normal errors shown by other polyhalides 
such as chloroform (4), methylene chloride (4), ethylene chloride (10), and ethylidene chloride 
(8%). 

In addition, large errors are shown by such simply constituted substances as chlorine (22), 
hydrogen chloride (35), hydrogen bromide (28), hydrogen iodide (31), and hydrogen 
sulphide (39%). 

As stated above, experimental errors in all but the most accurate and recent determinations 
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of critical temperature may well be of the order of 2—7°, and even higher errors seem very 
likely in many cases. From consideration of the vapour pressure-temperature variations for 
temperatures approaching the critical, a 2—7° error in critical temperature is equivalent to an 
error in critical pressure of 3—10%, which agrees well with the actual error distribution. 


GLAMORGAN TECHNICAL COLLEGE, TREFOREST. (Received, September 19th, 1949.) 





713. Correlation of Critical Temperature, Vapour Pressure, and 
Latent Heat of Vaporisation. 


By Leo H. Tuomas. 


It is shown that the ratio of the latent heats of vaporisation of any two liquids at the same 
reduced temperature is a constant, and an empirical equation is presented for latent heat as a 
function of temperature. 

This leads to an accurate vapour pressure-temperature equation and to a method of 
plotting vapour pressures. 

Methods are also given whereby the latent heat of a given substance at any temperature 
up to the critical may be reliably estimated from vapour-pressure data extending only to the 
boiling point. 


A COMPARISON of reduced latent heats of vaporisation at corresponding temperatures cannot, of 
course, be made owing to the fact that the value of the latent heat approaches zero with increasing 
proximity to the critical state. However, it has been found that, in general, the ratio of the 
latent heats for any two substances is sensibly constant at the same reduced temperature. 

In compiling Table I, latent heats have been evaluated by graphical interpolation for a 
variety of substances at various reduced temperatures, and the results tabulated as the ratio 
of the g.-molar latent heat of these substances divided by the corresponding values for benzene. 

All critical temperatures and latent-heat data have been taken from the International 
Critical Tables, the data for benzene being selected for comparison purposes as being probably 
the most reliable. The data of those substances marked * are those based on direct calorimetric 
determinations, whereas all other latent-heat values are those compiled by Young (Proc. Roy. 
Dublin Soc., 1910, 12, 374) by application of the Clapeyron equation to his measurements of 
vapour pressure and specific volumes of liquid and saturated vapour. 

It can at once be seen that the ratios of the latent heats are constant over wide temperature 
ranges. In general, the ratios are printed to two or three significant figures only so that the 
constancy is apparent within the limits of experimental accuracy. 


TABLE I. 


Ratios of g.-molar latent heat to that of benzene at corresponding reduced temperatures, 


Estimated 

Reduced temperatures. accuracy 

of data, % 

0-50. 0-55. 060. 0-65. 0-70. 0-75. 0-80. “85. 90. “95. (1.C.T.). 
0-965 0-973 ° 0-967 
0-88 . 0-89 

0-88 ° 0-89 

0-56 
0-52 
0-824 
0-85 
0-73 
1-10 
1-01 
1-08 


0-97 
1-08 
1-36 
1-27 
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Variation of Latent Heat with Temperature.—It follows from the above observation that a very 
simple relation should exist between latent heat and reduced temperature, and the form of the 
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equation must be such that the latent heat vanishes at the critical temperature (T,). Such an 
equation is 
Sy ei ETS EP val > tet een eee eas: oe 


where a is a constant for a particular substance and 6 a constant which should have approxi- 
mately the same numerical value for all non-associated substances. 

The equation has been solved for all the substances tabulated above by application of 
Campbell’s “ zero-sum ”’ method (Phil. Mag., 1920, 39, 177; 1924, 47, 816) to its linear 
logarithmic form 

log L = log a + b log (T, — T) 


Table II shows the values of a and b so obtained. The maximum positive and negative %- 
deviations between the experimental values of latent heat and those calculated from (1) are 
tabulated, as well as the average deviations (%) over the whole temperature range for each 
substance. For all the substances, the errors are obviously within the limits of experimental 
accuracy. 

It is seen that the values of b are approximately constant for all the substances except water, 
and the mean value is 0°400. Equation (1) therefore becomes 


ed) eee ioe 


Table II also shows the average deviations % between observed values of latent heat and those 
calculated from (2). Here again, although agreement is naturally not so satisfactory as when 


TABLE II. 


a, Maximum Mean Mean 
cals. per error, %, error, %, error, %, 

Compound. . g.-mol. : in (1). in (2). Temp. range. 
*Carbon tetrachloride ; 9,480 : 
*Ethyl ether : 7,730 
Ethy!] ether 
*Carbon dioxide (1) 

*Carbon dioxide (2) 
*Carbon disulphide 


2 
to 


*Ammonia 

Tin tetrachloride 
Methyl acetate 
Ethyl! acetate 
*Benzene 
*Methy] alcohol 
*Ethyl alcohol 
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0-329 
Means (excluding water)... 0-400 


+ 
0-7 
1-4 
1-9 
2-1 
0-9 
0-9 
1-4 
0-2 
0-5 
0-5 
0-9 
1-2 
2-3 
3-0 
0-5 
1-3 
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using the two-constant equation, the errors are still, probably, within the limits of experimental 
accuracy with the possible exception of benzene and carbon tetrachloride. It is instructive in 
this connection to compare the different values of b (0°401 and 0°425) obtained for carbon dioxide 
when using two independent sets of experimental data. Comparison should also be made be- 
tween the value 0°413 based on direct calorimetric data for ether, and the value 0°394 derived 
from Young’s calculated values (loc. cit.). 

It might be thought surprising that (2) applies equally well to methyl and to ethyl alcohol and 
to ammonia as to the “ non-associated ”’ substances. However, the author has previously 
(J., 1948, 1345) supplied viscometric evidence to show that these two alcohols and also amines 
show degrees of association which probably do not change from room temperature to the 
critical. 

Variation of Vapour Pressure with Temperature.—From the Clapeyron equation we get 


1 dp L 
p dT ~ pT(V, — Vp . . : . . ° . . . . (3) 


where L is the g.-molar latent heat of vaporisation, and V; and V, the g.-molar volumes of 
liquid and saturated vapour, respectively. 

Assuming the perfect-gas laws to hold for the saturated vapour, and neglecting V;, which 
is negligible for temperatures up to the b. p., in comparison with V,, we get the well-known 
relationship L = R T*d log, p/dT. Further assumptions that L remains constant over a given 
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temperature range, or is a linear function of temperature, lead to well-known vapour-pressure 
equations. 

The gas laws do not, however, apply to saturated vapours except at temperatures well below 
the b. p. ,In fact such vapours at temperatures near the b. p. are more compressible by 4—6% 
than a perfect gas (e.g., Young and Thomas /., 1893, 68, 1191). 

According to Nernst (‘‘ Theoretical Chemistry,” Macmillan and Co. Ltd., 1923, p. 317) the 
following expression holds for fluorobenzene for pressures up to ~15 atm., viz., p(V, — V;) = 
RT(l — p/p-), where p, is the critical pressure. From the theorem of corresponding states, he 
assumed the expression to be generally applicable. Further examination has shown, however, 
that the most generally applicable expression, which may be employed for temperatures up to 
but not much above the D. p., is 


HVe—V)=RATl—Opif) - . .- --.... @ 
where a is a constant + unity. Combining (3) and (4) we get 


Rdlog.p/d(1/T) = —Li(l—ap/p) . . . .... . (8) 


The most serviceable value of « has been obtained by the following methods: (a) numerical 
differentation of vapour-pressure data given at fixed temperature intervals led to a value of 
d log, p/dT and hence to a value at the b. p. of the differential expression in (5); « was then 
calculated by using published values of Lz, the value of the latent heat at the b. p., (b) by direct 
evaluation from (4) using data for V, and Vj. 

Selection of the more reliable data for latent heats, vapour pressures, and molar volumes has 
been made from the International Critical Tables, and the most probable value of « (1°8) arrived 
at after examination of ten substances by method (a) and ten by method (6). Within the limits 
of accuracy of the method, « does not seem to be dependent on the chemical nature of the sub- 
stances or on the b. p. 

A general serviceable vapour-pressure equation can now be obtained by combining equations 
(2), (3), and (4), viz. 

(1/p) dp/dT = a(T, — T)**/RT?(1 — 1-8p/p,) 
or 
(1/p — 1-8/p.)dp = a(T, — T)°*dT/RT* 
Therefore 
_ / 0-4 
log. p — 1-8 pipe = I’ tern f fot — a” aT 
where I’ is the constant of integration. 
By expansion and integration of this equation we get 


logiP — 0-782p/p, =I —aE/4-571TO*. . . . . . . . (6) 
where 
E =0-921 log T+ (3) + 0-120(7-) + 0-0320(7-)" + 0-0130(7-)" + 0-00750 (z) + 0-00460(7-). 

This equation, although somewhat unwieldy, should be generally applicable to temperatures 
up to or a little above the b. p. It is sufficient for this purpose to take only the first 4 or 5 terms 
of the expansion series into account. Inasmuch as the numerical values of the coefficients are 
known, the equation contains only two characteristic constants. The critical temperature of 
a given substance may be reliably estimated by the method given in the previous paper. Its 
critical pressure, a method of estimation for which is also given in this paper, need not be known 
with any accuracy, for p, occurs only in the small correction term. 

The arithmetical labour involved in the use of the equation may be greatly lessened by 
evaluating the series sum at selected reduced temperatures and reading off the values for a 
particular reduced temperature from a large-scale graph. 

Table III shows the measure of agreement between Willingham, Taylor, Pignocco, and 
Rossini’s accurately measured vapour pressures (J. Res. Nat. Bur. Stand., 1945, 35, 219) for 
benzene, and those calculated from (6). Taking J = 20°0804 and a = 4°2725, the average error 
is less than 0°1%. 


TABLE III. 


74-:03° 60-78° 49-07° 39-08° 31-00° 17-72° 
Be IR i cinsdcnsassnstnpins ‘3 628-2 402-4 261-3 175-9 124-5 67-23 
p (mm.), exptl. ...........0000+ ‘3 627-9 402-4 261-7 175-9 124-7 67-22 
Error, % . —00 400 402 400 +02 —0-0 
1 
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By changing the variable in (5) from T to T/T, we get 
(1/p)dp/d(T/T.) = L/RT,(T/T.)*(1 — 1-8p/p.) 
Therefore for two liquids at the same reduced temperature, we can write 


(1/pi)dp, — bite . 1-8p2/Pey 
(1/pe)dp, Lye, 1 — 1-8P,/Pa 
and since L,/L, is constant, 


S(e~ p) = Bae (5 Fe) 


18 L.Te ; 
loge ?, — ag =k +7° (log, be de es) 


whence 


where K’ is the constant of integration. 
Converting this to common logarithms we have 


log iP1 — : ae = K+ mre (logips = ed) a 

In (7) it is to be understood that p, and p, are vapour pressures at corresponding temper- 
atures. 

Equation (7) provides an alternative and simpler method of representing vapour pressures ; 
the vapour pressure of the substance under consideration (after application of the small correction 
for non-perfect vapour behaviour) may be plotted against the vapour pressure of a standard 
liquid (suitably “‘ corrected ’’) at the same reduced temperature. The standard liquid selected 
by the author was chlorobenzene—chosen in view of the fact that its vapour pressure has been 
reliably measured (Young, loc. cit.) right down to ~2 mm. of mercury. 

Table IV shows values of the constant K and the slope L,T,,/L,T,, for 15 liquids deter- 
mined in the same manner as above. Their vapour pressures have been taken at the temper- 


TABLE IV. 


L/10 L/10 
(calc.), L/10, (calc.), 
LiT i Temp. joules/ exptl. Error, method 
Compound. . L5T., ’ range. g.-mol. Temp. values. %. (C). 
0-968 ° — 
1-000 
1-014 
1-093 
1-133 
1-172 
1-105 
0-997 
0-948 
0-958 
0-978 
1-004 
0-867 
1-055 
1-074 


355 , 365, 348 . 353 
276 , 282 , 283 
305 . 303 
321 . 315 
346 : ° 338 
319 
331 
296 
292 
225 
249 


406, 399, 
400 
427, 428 


1-066 
Averages — 
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atures tabulated in the International Critical Tables, with the exception of benzene for which 
Young’s values (loc. cit.) have been used, the corresponding temperatures for chlorobenzene were 
calculated, and the vapour pressures of the latter interpolated from a large-scale graph. In no 
case were the deviations in the individual vapour-pressure values such as to indicate any de- 
parture from linearity, and the mean of the average deviations is seen to be 0°6%, which is cer- 
tainly within the limits of reliability of most of the vapour-pressure determinations. 

For application of this method to alcohols, ethyl alcohol has been used as standard in place of 
chlorobenzene. The selected vapour pressure of this alcohol, up to 70°, is that of the International 
Critical Tables, and above 70° that of Ramsey and Young (Phil. Tvans., 1887, 177, 123). The 
method would be expected to be accurate for lower alcohols and higher straight-chain homologues 
in view of the fact that, as for unassociated liquids, the ratio of their latent heats at the same 
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reduced temperature is constant (see Table I). However, with higher branched-chain alcohols it 
may be expected that, owing to changes in the degrees of association with changing temperature 
(Thomas, J., 1948, 1349), this ratio will no longer be accurately constant. Nevertheless, this 
ratio is not likely to change greatly over small temperature ranges so that, as a method of plotting 
vapour pressures, the above is still of use even for such cases. 

The accurate measurement of vapour pressures of the order of 0°1—5 mm. of mercury is 
difficult, and few, if any, such values are to be found in the literature apart from recent measure- 
ments on commercial plasticizers and low-vapour-pressure vacuum oils, etc., and also for water 
and liquid metals. Such values, however, may be reliably estimated for a given liquid by plot- 
ting vapour pressures from ~10 mm. to the b. p. against a suitably selected standard, and then 
extrapolating to the lower vapour pressures required. For example, for propyl acetate with 
chlorobenzene as standard, we have at low vapour pressures 


logo P = 1-172 logio Petandara — 0°814 


At 20°, the vapour pressure of chlorobenzene is 8°83 mm., so that at the same reduced temper- 
ature (— 18°) the vapour pressure of the ester would be 0°170 mm. Similarly, the vapour 
pressure of propyl acetate at —36° would be 0°073 mm. to correspond with a vapour pressure of 
2°56 mm. for the standard at 0°. 

Estimation of Latent Heat.—The following methods can be adopted : 

(A) By application of (6) to the published vapour-pressure values. From the value of a so 
obtained, the magnitude of L may then be calculated from (2). Table V shows the measure of 
agreement between L so calculated and the experimental values for benzene, the mean error being 
only 1:2% over the range 0—260°. The agreement for other liquids might well be even better, 
for, as we have previously seen, benzene is somewhat exceptional in giving a value of b rather 
different from the mean value 0°400. Thus, in general, the latent heat of a given substance may 


be reliably estimated at temperatures approaching the critical even though the vapour-pressure 
data may not extend above the b. p. 


TABLE V. 


120° 160° 200° 240° 
677 613 534 422 
678 608 523 411 
—01 +0°8 +2-1 +2-6 


(B) An easier method is to plot the vapour pressure of the given substance against that of a 
standard in the manner already explained. The slope of the plot then provides a measure of the 
constant ratio of the latent heat of that substance to that of the standard at the same reduced 
temperature, from which the ratio of the latent heat of the substance to that of benzene at the 
same reduced temperature may be calculated. 

Columns 6—9 of Table IV show the experimental value(s) of the latent heat either at the 
b. p.s or at temperatures near to the b. p.s, the values calculated by method (B), and the devia- 
tions (%) between the experimental and calculated values. Alllatent-heat data are those of the 
International Critical Tables and/or of Young (loc. cit.), with the exception of isopropyl and 
isobutyl alcohols, additional more recent values for which are due to Matthews (J. Amer. Chem. 
Soc., 1926, 48, 562) and Parks and Nelson (J. Physical Chem., 1928, 32, 61). 

(C) The easiest method of calculating the latent heat at a given temperature is by calculating 
d log, p/d (1/T) by numerical differentiation of the log, p/T values in the neighbourhood of that 
temperature; e¢.g., from the I.C.T. vapour-pressure values of carbon tetrachloride, we get 
d log, p/dT at 80° = 0-299. Hence d log, p/d(1/T) = —3720, and from (5) L = 7070 cals., 
which compares favourably with the experimentally derived values 7075 and 7130 cals. 

The latent heat at any other temperature may now be calculated from (2). Thus for carbon 
tetrachloride, a’ = 7070/(556 — 353) cals., so the latent heat at, say, 200° is 4940 cals. The 
mean experimental value at this temperature is 5030 cals. 

Of the above three methods, the last is to be preferred for alcohols, for it is free from the 


objection that (5) cannot in general hold with sufficient accuracy for associated substances 
except over small temperature ranges. 


GLAMORGAN TECHNICAL COLLEGE, TREFOREST. [ Received, September 19th, 1949.} 
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714. Inorganic Per-acids. Part I. The Alkali Perborates. 


By J. R. Partincton and A. H. FATHALLAH. 


Evidence is given to show that the alkali perborates are true per-salts and do not usually 
contain hydrogen peroxide as such. The amount of active oxygen in lithium, potassium, 
rubidium, and cesium perborates was found to be capable of increase beyond the values given 
for these perborates by previous workers, and compounds agreeing with the formule LiBO,,H,O; 
KBO,,H,O; RbBO,,0-5H,O and CsBO,,0-5H,O were obtained. 


WE have already (Nature, 1949, 164, 952) drawn attention to the lack of clear and consistent 
views regarding the constitution of the alkali perborates. These substances have been regarded 
by some workers as true per-salts (Bosshard and Zwicky, Z. angew. Chem., 1912, 25, 938, 993; 
Menzel, Z. anorg. Chem., 1927, 167, 193), and by others as addition compounds of hydrogen 
peroxide and metaborates (Foerster, Z. angew. Chem., 1921, 34, 354; Krauss and Oettner, Z. 
anorg. Chem., 1934, 218, 21). It was also mentioned that the amounts of active oxygen in the 
alkali perborates reported by previous workers were not in agreement. This resulted from the 
fact that different types of perborates were investigated, and systematic experiments in this field 
were lacking. The conclusion we reached was that hydrogen peroxide is not present as such in 
the compounds prepared Some further details of the investigation of these compounds are now 
given. 


EXPERIMENTAL, 


Methods of Analysis.—The alkali perborates were analysed by Menzel’s method (Z: anorg. Chem., 
1927, 164, 1). The alkali M,O was found by titration with acid with methyl-orange as indicator; the 
B,O, was then found in the same solution by titration with standard sodium hydroxide after addition 
of mannitol, phenolphthalein being used as indicator. The active oxygen (O,) was determined by 
dissolving the perborate in dilute sulphuric acid and titration with potassium permanganate. The 
water content was found by difference. 

I. Lithium Perborate (see Table I).—(a) Preparation by precipitation with alcohol. The preparation was 
carried out by Menzel’s method of precipitation with alcohol of an aqueous solution of lithium metaborate 
containing hydrogen peroxide. A more concentrated metaborate solution and an excess of hydrogen per- 
oxide were used, with the aim of obtaining a perborate containing more active oxygen than that prepared 
by Menzel. The compound LiBO,,8H,O was dissolved in varying amounts of 30% hydrogen peroxide 
(LiBO,: H,O, = 1:2; 1:3; 1:5; 1:10). None of these solutions deposited any solid even after 
prolonged cooling. On addition of ethyl alcohol to the solution with the ratio 1 : 5, an oily emulsion was 
obtained, which was kept at <0° until a viscous mass separated. The alcohol was decanted and the 
viscous material was repeatedly treated with cold absolute alcohol until it was converted into a solid 
mass, which was spread on a porous plate and dried in vacuum over phosphoric oxide for 14 hours 
(analysis 1), or for a week (analysis 2). The use of excess of hydrogen peroxide (1 : 10) did not result in an 
increase in the active oxygen (analysis 3). Table I shows that the active oxygen in the products is greater 
than that found by Menzel, viz. B:O, = 1:1. Dehydration over phosphoric oxide in a vacuum at 
room temperature caused loss of water without affecting the active oxygen content, and this would not be 
expected if the additional active oxygen was present in the form of hydrogen peroxide. This additional 
active oxygen is not extracted from the solid by shaking with dry ether. 


TABLE I, 
Analysis No. Li,O, %. B,O;, %. Q,, % H,0, %. Li. 
1 14-79 34-76 23-37 27-08 1 
14-62 34-33 23-34 27-71 1 
15-54 36-24 24-63 23-59 1 
15-49 36-13 24-43 23-95 1 
14-89 34-72 23-45 26-94 1 
14-82 34-47 23-48 27-23 1 
13-97 32-56 24-85 28-62 1 
13-86 32-35 24-78 29-01 1 
12-97 30-27 27-24 29-52 1 
1 
1 
1 
1 
1 
1 
1 
1 


O,. 
1-47 
1-49 
1-48 
1-47 
1-47 
1-48 
1-65 
1-67 
1-95 
1-95 
1-88 
1-86 
1-93 
1-93 
1-93 
1-93 
2 


(b) Preparation by evaporation of a solution of lithium metaborate in 30% hydrogen peroxide under 
veduced pressure. The solution in which the ratio was 1 : 2 was evaporated over phosphoric oxide under 
reduced pressure (5 mm. Hg) at room temperature and the viscous mass obtained was washed with 
alcohol and ether, whereupon a white crystalline powder, similar in properties to that precipitated by 


oa 


12-92 30-20 27-19 29-69 
15-10 35-16 30-42 19-32 
15-14 35-21 30-08 19-57 
14-91 34-73 30-79 19-57 
14-95 34-84 30-95 19-26 
14-96 34-81 30-87 19-36 
15-03 35-00 31-06 18-91 
LiBO,,H,O requires 
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alcohol, was obtained. This contained more active oxygen than before (analysis 4), and the active 
oxygen increased still further when the ratio LiBO, : H,O, was 1: 3 (analysis 5). On dissolving this 
solid in excess of 30% hydrogen peroxide and evaporating to dryness under reduced pressure, no further 
increase in active oxygen occurred, there being actually a slight decrease (analysis 6). It thus appears 
that the lithium perborate obtained with the ratio 1 : 3 is a definite product containing the maximum 
amount of two atoms of active oxygen per atom of boron. Analyses were made after drying for a week 
(analysis 7), and after two weeks (analysis 8), over phosphoric oxide in vacuum at room temperature. 
Dehydration without loss of active oxygen also occurs on heating in vacuum at 45°. The lithium 
perborate obtained is stable and differs from Menzel’s preparation, since it is richer in active oxygen and 
can readily be dehydrated without loss of active oxygen. The ratio of active oxygen to water indicates 
that the dehydrated product is a true per-salt with the formula LiBO,,H,O. 

Il. Sodium Perborate (see Table I1).—In the patent specification G.P. 256,920 the preparation of 
sodium perborate with a greater‘active oxygen content than Tanatar’s salt NaBO,,4H,O (B: O, = 1: 1) 
is claimed. The latter was treated with excess of 30% hydrogen peroxide and the resulting solution 
allowed to stand for crystallisation, and precipitated with alcohol, or evaporated under reduced pressure. 
A sodium perborate with high active oxygen is claimed in G.PP. 299,300 and 318,219, but these specifica- 
tions, apart from reporting the active oxygen content, do not give complete analyses, and it was wrongly 
assumed that the product is an addition compound of Tanatar’s salt and hydrogen peroxide. Le Blanc 
and Zellmann (Z. Elektrochem., 1923, 29, 179) assigned the formula Na(BO,H,O,),2H,0, to this perborate, 
which seemed to merit further investigation. 


TABLE II. 
Analysis No. Na,O, %. B,O3, %. 0,, % H,O, %. 
1 25-42 28-53 24-32 21-73 
25-28 28-32 24-12 22-28 
2 27-28 30-76 25-48 16-48 
27-34 30-82 25-39 ~ 16-45 
3 25-04 28-16 24-74 22-06 
24-78 27-84 24-62 22-76 
4 24-83 27-88 24-69 22-60 
5 
6 
7 


Zz 
r 
w 


H,O. 
1-47 
1-52 
1-04 
1-04 
1-52 
1-58 
1-56 
1-49 
1-05 
1-06 
1-89 
1-95 
1-04 
1-02 


25-12 28-24 24-82 21-82 
26-91 30-32 26-32 16-45 
26-83 30°31 26-24 16-62 
20-97 23-71 32-31 23-01, 
20-78 23-45 32-14 23-63 
23-72 26-58 35-42 14-28 
23-84 26-67 35-37 14-12 
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(a) Preparation by direct separation from aqueous solution. A 33% sodium metaborate solution was 
prepared and to this 30% hydrogen peroxide was added (NaBO,: H,O, = 1:2). The solution was 
cooled below 0° and after a short time a heavy crystalline precipitate was obtained. After separation 
from the mother-liquor, this was spread on a porous plate and dried in vacuum over phosphoric oxide for 
14 hours (analysis 1). It is clear that in this product the proportion of water is not sufficient to hold all 
the peroxide oxygen as hydrogen peroxide, and still further dehydration occurred in vacuum over 
phosphoric oxide after a week (analysis 2). Since dehydration occurred to a large extent with negligible 
loss of active oxygen, the product appears to be a true per-salt. Since this result was not found with 
Tanatar’s sodium perborate, the possibility that this product is an addition compound of hydrogen 
peroxide and Tanatar’s perborate must be excluded, and this conclusion is also supported by the fact that 
dry ether does not extract active oxygen from the solid. When the ratio NaBO, : H,O, used was 1 : 3 no 
heavy precipitation occurred. A small precipitate was slowly formed which was analysed after 14 hours’ 
drying in vacuum over phosphoric oxide (analysis 3). In this case, although the active oxygen content 
increased, it did not exceed two atoms per atom of boron. 

(b) Preparation by precipitation with alcohol. When the ratio NaBO,: H,O, was 1:5 no solid 
separated out by cooling orconcentrationin vacuum. Addition of ethyl alcohol resulted in the formation 
of an oily product. After decantation of the alcohol, and treatment with fresh amounts of cold alcohol, 
a solid was obtained which was analysed after 14 hours’ drying over phosphoric oxide in vacuum (analysis 
4). This product is similar in properties to that obtained directly from aqueous solution. Further 
dehydration with negligible loss of active oxygen occurred on keeping for a week in vacuum over phos- 
phoric oxide (analysis 5). Here also the amount of active oxygen did not exceed two atoms per atom of 
boron. 

(c) Preparation by evaporation under reduced pressure. Tanatar’s perborate NaBO,,4H,O was dis- 
solved in excess of 30% hydrogen peroxide (NaBO,:H,O, = 1:4) and the resulting solution was allowed 
to evaporate under reduced pressure at room temperature (about 19°) over phosphoric oxide. The 
viscous mass obtained was washed thoroughly with alcohol and ether and the white crystalline solid 
formed was analysed directly (analysis 6). From the results, it is clear that the active oxygen content in 
the solid reached three atoms per atom of boron. This product has more tendency to dehydration than 
Tanatar’s salt, as the results obtained after a week’s keeping in vacuum over phosphoric oxide show 
(analysis 7). The amounts of active oxygen and water indicate that the product is a true per-salt, rather 
than an addition compound of hydrogen peroxide with Tanatar’s perborate. At 45° in vacuum, de- 
hydration resulted in appreciable loss of active oxygen and hydrogen peroxide was detected among the 
decomposition products. Previous workers used much higher temperatures for dehydration. The 
instability of the product, especially at higher temperatures, explains why hydrogen peroxide was 
detected by Le Blanc and Zellmann by continuous distillation in vacuum at the temperature at which 
they prepared this perborate. 
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III. Potassium Perborate (see Table III).—(a) Preparation by direct separation from aqueous solution. 
To 50% potassium metaborate solution prepared from boric acid and | hydroxide, 30% hydro- 
gen peroxide was added in different amounts. With the ratio KB H,O, = 1:1 no separation of 
solid occurred except after long cooling; this solid was very hygroscopic and liquefied on drying on a 
porous plate. With the ratio 1 : 2 a heavy crystalline precipitate was formed on cooling, which after 
separation from the mother-liquor was spread on a porous plate and dried for 14 hours over phosphoric 
oxide in vacuum (analysis 1). With the ratio 1 : 3 a heavy crystalline precipitate was also formed which 
was dried for 14 hours (analysis 2) and for a week (analysis 3), in the same way. With the ratiol:5a 
crystalline precipitate was also formed which was analysed after 14 hours’ drying as before (analysis 4). 
The results show that the ratio 1 : 3 gives a product corresponding in active oxygen content to Bosshard 
and Zwicky’s potassium perborate. The dried product appears to be a true per-salt, and this agrees with 
the result that no active oxygen is extracted by ether from the solid, and that by gently heating this in 
vacuum no hydrogen peroxide is evolved. With the ratio 1 : 5, the solid obtained contained a higher 
proportion of active oxygen not extracted by thorough washing with ether, and this suggests the presence 
ofa aT ct. perborate than that prepared by Bosshard and Zwicky. This compound was prepared by 
method (b 


TABLE III. 
Analysis No. K,O, %. B,O3,%. Og, %. 
1 37-58 28-52 23-28 
37-42 28-29 23-34 
2 37-06 27-91 24-92 
36-95 27-85 24-88 
3 37-15 27-97 24-96 
37-26 28-08 25-04 
4 35-52 26-98 25-72 
5 
6 


H,0O. 
0-74 
0-77 
0-71 
0-73 
0-70 
0-69 
0-87 
0-91 
1-01 
1-02 
0-59 


sO 
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35-37 26-88 25-44 
31-90 23-99 31-82 
31-76 23-87 31-93 
35-88 27-08 29-08 
35-65 26-83 29-33 , 0-60 
KBO,,H,0 requires 1 


(b) Preparation by evaporation with excess of 30% hydrogen peroxide under reduced pressure. A mixture 
of the perborate prepared as above with excess of 30% hydrogen peroxide (KBO,: H,O, = 1: 4) was 
evaporated to dryness under reduced pressure over phosphoric oxide at room temperature. The white 
crystalline solid obtained was analysed both directly after washing with alcohol and ether (analysis 5) and 
also after exposure for a week over phosphoric oxide in vacuum (analysis 6). Since this product is soluble 
with difficulty in water but is soluble in dilute sulphuric acid, a known weight was added to a known 
excess of standard sulphuric acid and the remaining free acid was titrated with sodium hydroxide solution 
with methyl-orange as indicator, so giving the alkali content. Mannitol and phenclphthalein were then 
added and titration with sodium hydroxide continued until the red colour appeared, this titration giving 
the boric acid content. The composition of the product obtained directly corresponds with KBO,,H,O 
with an active oxygen content equal to three atoms per atom of boron. It is less stable than the corre- 
sponding sodium salt, or than Bosshard and Zwicky’s potassium perborate with only two atoms of active 
oxygen peratom of boron. These results make it unlikely that the substance rich in active oxygen is an 
addition compound of hydrogen peroxide and Bosshard and Zwicky’s compound. 
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TABLE IV. 
Analysis No. Rb,O, %. B,O;, %. 0,, %. S. Rb. 
1 52-62 19-61 17-44 1 
52-53 19-49 17-35 1 
55-00 20-46 18-25 1 
55-18 20-52 18-31 1 
55-46 20-66 18-11 1 
55-68 20-75 18-21 1 
55-05 20-46 18-37 1 
55-35 20-62 18-34 . 1 
: 1 
1 
1 
1 
1 
1 
1 


H,O. 
1-02 
1-05 
1-60 
0-56 
0:54 
0-50 
0-58 
0-53 
0:59 
0-54 
0-52 
0-57 
0-52 
0-48 
0:5 


IV. Rubidium Perborate (see Table IV).—(a) Preparation by direct separation from aqueous solution. 

A 50% rubidium metaborate solution was prepared by mixing equivalent amounts of rubidium carbonate 
and boric acid, heating them gently until evolution of carbon dioxide and water ceased, and finally fusing 
the product in a platinum crucible to a clear liquid. The cold mass was extracted with water. On 
adding to this solution 30% hydrogen peroxide in the ratio RbBO, : H,O, = 1:1, no solid separated. 
With the ratios 1] : 2 or 1 : 3, a white crystalline precipitate was formed after short cooling. The product 
with the ratio 1 : 3 was separated from the mother-liquor, washed with alcohol and ether, and analysed 
directly (analysis 1) or after 14 hours’ drying over phosphoric oxide in vacuum at room temperature 


55-16 20-57 18-14 
55-40 20-63 18-27 
53-07 19-71 21-91 
52-72 19-68 21-86 
53-99 20-08 20-54 
54-37 20-18 20-37 
RbBO,,0- 5H,O requires 
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(analysis 2), or after a week’s drying in the same way (analysis 3). The results show that the active 
oxygen in this product is greater than that in the perborate RbBO,,H,O prepared by Christensen (Danske 
Vidensk. Selsk. Forh., 1904, No. 6). From the active oxygen and water ratio, the compound appears to 
be a true perborate. Gentle heating in vacuum did not give rise to evolution of hydrogen peroxide, and 
the active oxygen was not extracted from the solid by ether. This product is comparable in active 
oxygen content with Bosshard and Zwicky’s potassium perborate, but it is more readily dehydrated and 
tends to retain half a molecule of water per atom of boron. The composition of the dried product 
corresponds to RbBO,,0-5H,O. When the salt was prepared in presence of excess of hydrogen peroxide 
(RbBO, : H,O, = 1 : 5), no increase in active oxygen content beyond the above value was found (analysis 
4). Precipitation of the mother-liquor with alcohol gave the same perborate (analysis 5). 

(b) By evaporation with excess 7 30% hydrogen peroxide under reduced — When the perborate 
described under (a) was dissolved in excess of 30% hydrogen peroxide (RbBO, : H,O, = 1 : 4) and the 
solution evaporated under reduced — as before, a solid residue was left, which was analysed directly 
after being washed with alcohol and ether (analysis 6), and after a week in vacuum over phosphoric oxide 
(analysis 7). The results show that the active oxygen content of this product is more than that in the 
first perborate, but it did not reach three atoms per atom of boron, as was the case with the potassium and 
sodium salts. The product was less stable than that containing only two atoms of active oxygen per 
atom of boron. The results make it unlikely that this product is an addition compound of hydrogen 
peroxide and the lower perborate. 


TABLE V. 

Analysis No. Ca,0, %. B,O;, %. Oo, % HOs %, Cs. B. O,. H,0. 
1 63-33 15-60 14-03 7-04 1 1-00 1-95 0-87 
63-19 15-57 13-93 7-31 1 1-00 1-94 0-90 

2 63-22 15-61 13-93 7-24 1 1-00 1-94 0-89 
63-34 15-66 13-96 7-04 1 1-00 1-94 0-87 

3 64-74 15-95 14-26 5-05 1 1-00 1-94 0-51 
64-95 16-03 14-30 4-72 1 1-00 1-94 0-57 

4 65-02 16-02 14-24 4-72 1 1-00 1-93 0-57 
65-28 16-02 14-21 4:49 1 1-00 1-92 0-54 

5 64-69 15-98 14-55 4-78 1 1-00 1-98 0-58 
64-89 16-00 14-48 4-63 1 1-00 1-97 0-56 

6 62-73 15-37 17-11 4-79 1 1-00 2-40 0-59 
62-95 15-50 17-21 4-34 1 1-00 2-41 0-53 

7 64-45 15-92 15-74 3-89 1 1-00 2-15 0-48 
64-04 15-77 15-94 4-25 1 1-00 2-19 0-51 

CsBO,,0-5H,O requires 1 1-00 2 0-5 


V. Casium Perborate (see Table V).—(a) Preparation by direct separation from aqueous solution. A 
50% cesium metaborate solution was prepared by the same method as that used for rubidium metaborate. 
This solution (unlike those of potassium and rubidium metaborates) readily deposited crystals of cesium 
metaborate, but these redissolved on addition of 30% hydrogen peroxide. With hydrogen peroxide in 
the ratios CsBO, : H,O, = 1: 1, 1: 2, or 1: 3, no separation of perborate occurred on cooling. When 
the solution with the ratio 1 : 3 was concentrated in vacuum, a crystalline precipitate formed, which was 
separated from the mother-liquor and washed with alcohol and ether (analysis 1). 

(b) Preparation by precipitation with alcohol. Most of the perborate was precipitated from the 
mother-liquor by alcohol. The precipitate was analysed directly after being washed with alcohol and 
ether (analysis 2), after 14 hours’ drying over phosphoric oxide in vacuum at room temperature (analysis 
3), and after a week’s drying in the same way (analysis 4). The results show that this perborate is com- 
parable in active oxygen content with rubidium perborate, and contains two atoms of active oxygen per 
atom ofboron. Italso tends to retain half a molecule of water peratomofboron. The content of active 
oxygen and water in the dehydrated product indicates that it is a true per-salt with the formula CsBO,, 
0-5H,O. The active oxygen is not extracted from the solid by ether, and hydrogen peroxide is not 
evolved on gentle heating in vacuum. When hydrogen peroxide was used in the ratio 1 : 5 no solid 
separated but on addition of alcohol the same perborate was formed as before (analysis 5). 

(c) Preparation by evaporation with excess of 30% hydrogen peroxide under reduced pressure. By 
dissolving the above perborate in excess of 30% hydrogen peroxide (CsBO, : H,O, = 1: 4) and evaporat- 
ing the solution under reduced pressure, a solid remained which was washed with alcohol and ether and 
analysed directly (analysis 6), and after a week’s drying over phosphoric oxide in vacuum (analysis 7). 
The results show that, as in the case of rubidium perborate, the active oxygen content is greater than 
that in the initial perborate, but does not reach three atoms per atom of boron. The compound is also 


unstable. Nevertheless, it is unlikely that this product is an addition compound of hydrogen peroxide 
and the first perborate. 


DISCUSSION, 


By analogy with Menzel’s dimeric formule for lower perborates represented by (I) and (II), 
the dimeric formule (III) and (IV) are suggested for perborates containing two atoms of active 
oxygen per atom of boron. No free hydrogen peroxide is present and the formule explain the 
behaviour of these perborates on dehydration. 

In the formule the valencies attached to each boron atom are formulated as follows: Three 
of them originate from the normal three valencies of the boron atom and the fourth by a co- 
ordinate link directed from the oxygen to the boron atom. Hermans (Z. anorg. Chem., 1925, 
142, 399) regarded all the four links as equivalent. 
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In (III) there are two atoms of active oxygen and one molecule of constitutional water per 
atom of boron and this formula may represent sodium and lithium perborates, since it explains 
their tendency to retain one molecule of water per atom of boron, and their different behaviour 
from the lower perborates. 
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M = Na or Li. M = Rb or Cs. 


In (IV) there are two atoms of active oxygen and 0°5 molecule of constitutional water per 
atom of boron and this formula may represent rubidium and cesium perborates. Bosshard and 
Zwicky’s potassium perborate, which tends to retain less than one molecule and more than 0°5 
molecule of water on dehydration, may contain anions represented by both formule. Higher 
perborates containing more than two atoms of active oxygen, e.g., KBO;,H,O, may be derived 
from an ion represented as below, and their instability on dehydration may be explained if it is 
assumed that this anion has a tendency to associate to form anions containing less active oxygen 


O OOH HOO OOH 


| oe” 4 + H,O, + 40, 
L i“ \ooH Fh § rf. D 

Conclusions.—(1) A lithium perborate different from that prepared by Menzel and containing 
two atoms of active oxygen per atom of boron was obtained. It is formulated as LiBO,,H,O. 

(2) The active oxygen content of potassium perborate can reach three atoms per atom of 
boron, and the unstable product corresponds with KBO,,H,O. 

(3) Rubidium and czesium perborates were obtained with higher active oxygen contents 
than those of the compounds prepared by Christensen. They contain two atoms of active 
oxygen per atom of boron and correspond with RbBO,,0°5H,O and CsBO,,0°5H,O, respectively. 
The existence of unstable rubidium and cesium perborates containing still more active oxygen 
was also established 

(4) From the contents of water and active oxygen, the perborates with higher active oxygen 
than one atom per atom of boron seem not to be addition products of hydrogen peroxide and 
lower perborate or metaborates. 


QUEEN MARY COLLEGE, UNIVERSITY OF LONDON. (Received, October 5th, 1949.) 


715. The Synthesis of Thyroxine and Related Substances. Part V. 
A Synthesis of L-Thyroxine from L-Tyrosine.* 
By J. R. Cuatmers, G. T. Dickson, J. Erks, and B. A. HEms. 


The synthesis of L-thyroxine from L-tyrosine by an extension of the methods described in 
Parts II and III of this series (this vol., pp. S 190,S 199) has been investigated. In preliminary 
experiments, the amino-acid grouping was protected by inclusion in a hydantoin ring and it was 
shown that, although racemisation occurred in varying degree at some of the stages, none of the 
essential reactions was completely incompatible with the retention of configuration. Protection 
of the amino-group by acetylation and the carboxy-group by esterification has made possible 
a synthesis of L-thyroxine, which was obtained in 26% overall yield from L-tyrosine without 
loss of optical activity. 





THE natural oecurrence of thyroxine in an optically active form was first demonstrated by 
Harington and Salter (Biochem. J., 1930, 24, 456), who employed enzymic hydrolysis to liberate 
* Patent pending. 
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the compound from the protein in which it occurs in the thyroid gland and so avoided the 
racemisation that results from alkaline hydrolysis. A similar result was obtained by Foster, 
Palmer, and Leland (J. Biol. Chem., 1936, 115, 467), who employed acid hydrolysis after a 
preliminary enzymic digestion of the gland. The amino-acid was assigned to the normal 
L-series by Canzanelli, Harington, and Randall (Biochem. J., 1934, 28, 68), who prepared 
thyronine from both natural thyroxine and L-tyrosine and found that the samples had similar 
rotations. Harington (ibid., 1928, 22, 1429) also prepared L-thyroxine from synthetic 3 : 5-di- 
iodo-pL-thyronine, which was resolved through the L-l-phenylethylamine salt of its N-formyl 
derivative, the 3 : 5-di-iodo-L-thyronine then being iodinated. 

More recently, L-thyroxine has been prepared in low yield by iodination of casein, followed 
by hydrolysis with sulphuric acid in the presence of butanol (Reineke and Turner, J. Biol. Chem., 
1943, 149, 563), by oxidation of 3 : 5-di-iodo-L-tyrosine (Harington and Pitt Rivers, Biochem. J., 
1945, 39, 157), and by the aerobic incubation of N-acetyl-3 : 5-di-iodo-L-tyrosine, followed by 
acid hydrolysis of the N-acetyl-L-thyroxine so formed (Pitt Rivers, ibid., 1948, 48, 223). 
ever, no systematic synthesis of L-thyroxine from L-tyrosine has yet been described. 

It appeared probable that the method of synthesis of DL-thyroxine described in Part III of 
this series (Borrows, Clayton, and Hems, this vol., p. S 199) would, with some modifications, be 
applicable to the preparation of L-thyroxine from L-tyrosine. (The more important steps in this 
synthesis are indicated in the right-hand part of the diagram.) Protection of the amino- and 
carboxy-groups by inclusion in a hydantoin ring, as in the synthesis of DL-thyroxine, was clearly 
unsuitable for the synthesis of L-thyroxine itself, since the conversion of 5-(3 : 5-di-iodo-4-p- 
hydroxyphenoxybenzyl)hydantoin (VII) into the amino-acid (XVI) would almost certainly result 
in racemisation. Thus, Dakin (Amer. Chem. J., 1910, 44, 48) has demonstrated the ready 
racemisation of hydantoins on treatment with alkali, and acid hydrolysis, which entails rather 
vigorous conditions, also results in an inactive product (Boyd, Biochem. J., 1933, 27, 1838). 
We have confirmed the latter observation: attempts to hydrolyse L-5-p-hydroxybenzyl- 
hydantoin (I) with hydrobromic acid gave the pL-hydantoin as the principal product, whilst 
the use of hydriodic acid and red phosphorus gave DL-tyrosine together with some of the 
racemised hydantoin. 

However, since the reactions of the hydantoins were well known, it appeared desirable to 
repeat the synthesis of thyroxine, beginning with the hydantoin (I) derived from L-tyrosine, in 
order to determine the likelihood of racemisation in the earlier stages. In particular, the use of 
boiling pyridine in the conversion of a 2 : 6-dinitrophenol into a 2 : 6-dinitrodipheny]l ether seemed 
a possible source of trouble, since Abderhalden and Baumann (Z. physiol. Chem., 1908, 55, 412) 
have reported the racemisation of tryptophan on crystallisation from this solvent, though this 
result was not confirmed by Ellinger and Matsuoka (ibid., 1914, 91, 45). Some preliminary 
information was obtained on this point by boiling a solution of L-5-p-hydroxybenzylhydantoin 
in pyridine for 90 minutes, whereby no loss of optical activity resulted. 

L-Tyrosine was converted into the hydantoin (I) by Dakin’s method (J. Biol. Chem., 1910, 8, 
25). Treatment of (I) with concentrated nitric acid at 25—30° gave L-5-(3-nitro-4-hydroxy- 
benzyl)hydantoin, whereas nitration at 50° gave the required L-5-(3 : 5-dinitro-4-hydroxybenzyl)- 
hydantoin (II). Compound (II) was also prepared from 3: 5-dinitro-1-tyrosine (III) (the 
preparation of which is described below) by reaction with sodium cyanate and ring-closure of the 
resulting hydantoic acid by means of hydrochloric acid. The rotations of (II) prepared by the 
two routes were identical. Compound (II) was converted into L-5-(3 : 5-dinitro-4-p-methoxy- 
phenoxybenzyl)hydantoin (IV) by reaction with -toluene-p-sulphonyl chloride in pyridine and 
treatment of the unisolated pyridinium toluene-p-sulphonate with p-methoxyphenol in the 
same solvent. 

The rotation of (IV) obtained from different runs varied from 0° to —30°. The cause of this 
variation was traced to the crystallisation of (IV) from acetic acid in the presence of residual 
pyridine. Thus, on boiling (IV) ({[«]p —30°7°) with acetic acid containing 10% of pyridine, 
complete racemisation resulted within one hour. On the other hand, acetic acid alone and 
pyridine, alone or mixed with toluene-p-sulphonic acid, had little or no effect on the rotation. In 
the light of these observations, acetic acid was replaced by acetone in the isolation of (IV), but 
the rotation of different batches still varied from — 23° to —36°. 

The optical lability of compound (IV) was reflected in the results of its further reaction. 
Thus, in one instance, hydrogenation in acetic acid with palladised charcoal as catalyst gave the 
diamine (V); without purification, this was tetrazotised with a solution of sodium nitrite in 
concentrated sulphuric acid and thence converted into the di-iodo-compound (VI), which had 
[a]p —11°. Repetition of this experiment under slightly different conditions led to a product 


How- 
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with [«], —2°; in this case, the intermediate diamine (V) was isolated as its monohydrochloride, 
and this also had a negligible rotation. 

Compound (VI) ([«]» —11°) was converted into 5-(3 : 5-di-iodo-4-p-hydroxyphenoxybenzy])- 
hydantoin (VII) ({[a]) —12°) by treatment with a mixture of hydriodic and acetic acids, and 
(VII), in turn, was hydrogenolysed to 5-(4-p-hydroxyphenoxybenzyl)hydantoin (X), which 
had [a], —15°2°. A sample of (X) prepared from pure L-thyroxine (XVIII; [a])p —5-4°) * by 
hydrogenolysis and treatment of the resulting L-thyronine (XVII) successively with sodium 
cyanate and hydrochloric acid had [«])» —51°. Hence, it appeared that some 70% of 
racemisation had occurred between (II) and (X). That the reactions leading to the di-iodo- 
compound (VI) were responsible for this racemisation was indicated subsequently by the 
preparation of (VI) with [«], —50° from optically pure 3: 5-di-iodo-4-p-methoxyphenoxy-N- 
acetyl-L-phenylalanine ethyl ester (XV) and of (VII) with [«}]) —43° from 3 : 5-di-iodo-L-thyronine 
(XVI). The preparation of (XV) and (XVI) is described below. 

Greater success in retaining optical activity resulted from a slight modification of the route 
already described. Reaction of (II) with toluene-p-sulphony] chloride in pyridine, followed by 
treatment with quinol, gave L-5-(3 : 5-dinitro-4-p-hydroxyphenoxybenzyl)hydantoin (VIII); this 
was converted via the diamine (IX) into L-5-(3 : 5-di-iodo-4-p-hydroxyphenoxybenzyl) hydantoin 
(VII); this had [a], —46° and on hydrogenolysis gave (X) with [a]p —55°. 

Although the results of the experiments on these hydantoins were far from consistent, yet 
they did indicate that none of the reactions leading to the required 2 : 6-di-iododipheny] ethers 
was completely incompatible with the retention of optical activity and it seemed that greater 
success might result if means could be found of protecting the amino- and, if necessary, the 
carboxy-group of L-tyrosine by a system optically more stable than the hydantoin ring. The 
remainder of this paper describes such an approach, which has led to the preparation of 
L-thyroxine in high yield and without loss of optical activity. 

Some difficulty has been encountered in the preparation of 3 : 5-dinitro-L-tyrosine (III). Two 
methods are recorded in the literature; one (Johnson and Kohmann, J. Amer. Chem. Soc., 1915, 
37, 2164) involves a tedious isolation procedure and gives a poor yield, and the other (Waser, 
Labouchére, and Sommer, Helv. Chim. Acta, 1925, 8, 773) involves the addition of L-tyrosine to 
a mixture of nitric and sulphuric acids kept below 0°, the product being isolated as its sodium 
salt. In our hands this second method has proved somewhat erratic ; with certain modifications 
yields of 70% of (III) could often be obtained, but with small variations in the conditions the 
yield dropped to zero. More satisfactory results were obtained when nitric acid was added to 
a cooled suspension of L-tyrosine in sulphuric acid; on partial neutralisation, 3 : 5-dinitro-L- 
tyrosine was obtained in 86% yield, and no difficulty has been found in reproducing this yield. 

Several attempts were made to prepare a dipheny] ether directly from (III) by its reaction with 
toluene-p-sulphony] chloride in pyridine, followed by treatment with p-methoxyphenol in the 
same solvent, but no pure product could be isolated, and no more success attended the use of 
3 : 5-dinitro-N-toluene-p-sulphonyl-DL-tyrosine. 

Treatment of (III) in alkaline solution with acetic anhydride yielded the N-acetyl derivative 
(XI) in 80% yield. Compound (XI) failed to give a diphenyl ether on successive treatment with 
toluene-p-sulphonyl chloride and p-methoxyphenol in pyridine, and an attempt to use the 
preformed toluene-p-sulphonyl ester of (XI) for the diphenyl ether synthesis was equally 
unsuccessful. 

It now seems very probable that the failure of these tyrosine derivatives to yield diphenyl 
ethers is associated with their free carboxylic acid groups. As described below, the ethyl ester 
(XII) of compound (XI) readily formed a diphenyl ether, and several other examples have been 
- encountered of pairs of acids and esters, of which the ester, but not the acid, would undergo 
the diphenyl ether synthesis. 

An attempt to esterify compound (XI) under Fischer—Speier conditions gave a high-melting 
solid, which we have been unable to identify. However, (XI) gave the ester (XII) in high yield 
on reaction with alcohol in the presence of toluene-p-sulphonic acid, water being removed 
azeotropically with chloroform. The toluene-p-sulphonyl ester of (XII), which could not be 
obtained crystalline, reacted with p-methoxyphenol in pyridine to give 3: 5-dinitro-4-p- 
methoxyphenoxy-N-acetyl-L-phenylalanine ethyl estey (XIII). The diphenyl ether (XIII) was 
more conveniently prepared from (XII) by successive treatment with toluene-p-sulphonyl 
chloride and p-methoxyphenol in pyridine without isolation of the intermediate toluene-p- 
sulphonyl ester. In the same way, 3: 5-dinitro-4-p-acetoxyphenoxy-N-acetyl-L-phenylalanine 


* This sample of L-thyroxine was kindly supplied by Sir Charles Harington, F.R.S., to whom we 
express our thanks. 
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ethyl ester was prepared from p-acetoxyphenol. Hydrolysis of compound (XIII) with a mixture 
of hydrochloric and acetic acids gave the free amino-acid. 

The conversion of (XIII) into 3: 5-di-iodo-4-p-methoxyphenoxy-N-acetyl-L-phenylalanine 
ethyl ester (XV) was first effected without isolation of the intermediate diamine (XIV; R’ = H). 
The dinitro-compound (XIII) was reduced catalytically in acetic acid in the presence of palladised 
charcoal, and the crude amine, either in acetic acid or in phosphoric acid solution, was tetr- 
azotised with a solution of sodium nitrite in concentrated sulphuric acid. Decomposition of the 
tetrazonium solution with an aqueous solution of iodine and sodium iodide gave (XV) in very 
poor yield. When the reduction of (XIII) was carried out in alcohol with either palladised 
charcoal or Raney nickel as catalyst, concentration of the filtered alcoholic solution gave the 
diamine (XIV; R’ = H) asa crystalline solid, which was moderately stable when dry, although 
in solution it was susceptible to aerial oxidation. The diamine was further characterised as its 
stable diacetyl derivative (XIV; R’ = Ac). 

When the pure diamine was subjected to the tetrazotisation and Sandmeyer procedures, the 
yield of (XV) rose to about 45%. The conditions of both tetrazotisation and Sandmeyer 
reactions have been investigated in considerable detail in an effort to improve this yield, and 
some of the more significant observations may be quoted here. In agreement with the findings 
of Schoutissen (J. Amer. Chem. Soc., 1933, 55, 4531) we were unable to tetrazotise the diamine 
in concentrated sulphuric acid unless acetic or phosphoric acid was used as a diluent. Of these 
two acids, acetic was preferred owing to the greater ease with which the diamine dissolves; the 
yield was very much the same with either acid. The tetrazotisation was best carried out by the 
very slow addition of a solution of the diamine in a mixture of acetic and sulphuric acids to one of 
sodium nitrite in a mixture of the same acids kept between —2° and 0°. Under these conditions 
the tetrazonium solution did not become highly coloured, although under most other conditions 
deep purple colours developed, presumably owing to coupling with unreacted amine. 

The replacement of the diazonium groups by iodine atoms was effected with a solution of 
iodine in aqueous sodium iodide. The yield dropped very considerably if free iodine was 
omitted. It was considered possible that the high concentration of acid might have an adverse 
effect upon the yield and it was, indeed, found that the yield of di-iodo-compound could be 
increased from 45% to 60% (based on diamine) by adding sodium hydroxide, sufficient to half- 
neutralise the sulphuric acid, concurrently with the addition of the tetrazonium solution. A 
further improvement in yield (to 77%) resulted when the reaction mixture, instead of being 
cooled below 30°, was allowed to warm to 50°, and it seemed likely that this might be due to the 
greater mobility at this temperature of the precipitated gum and hence its more intimate contact 
with the iodide solution. This supposition was tested by carrying out the reaction in the 
presence of chloroform, which should extract the di-iodo-compound as it is formed and so avoid 
the liberation of any solid or semi-solid matter during the reaction; under these conditions, the 
reaction was very rapid and the yield was over 80%. Further, neutralisation could be omitted 
without any reduction in yield. 

Treatment of (XV) with a cold mixture of aqueous sodium hydroxide and alcohol caused 
hydrolysis of the ester group only and yielded 3: 5-di-iodo-4-p-methoxyphenoxy-N-acetyl-L- 
phenylalanine, whereas a boiling mixture of hydrochloric and acetic acids gave the free amino-acid, 
which was used for the preparation of the hydantoin (VI) in an optically pure form. 

Treatment of compound (XV) with mixtures of hydrobromic or hydriodic acid and glacial 
acetic acid gave 3 : 5-di-iodo-t-thyronine (XVI) in high yield. This reaction was also found 
to proceed satisfactorily with a mixture of only 2 mols. of hydriodic acid and an excess of 
hydrochloric and glacial acetic acids. The rotation quoted by Harington (Biochem. J., 1928, 22, 
1949) for (XVI) in ammonia solution is only —1°3°, too low for the assessment of the optical 
purity of our product. However, on catalytic deiodination, our specimen of (XVI) gave rise to 
L-thyronine (XVII) with [«]p +15°0°. Canzanelli, Harington, and Randall (Biochem. J., 1934, 
28, 68) quote values of +12°2°, +13°9°, and +13°3° for material obtained from natural 
L-thyroxine, from 3: 5-di-iodo-L-thyronine obtained by resolution, and from L-tyrosine by 
synthesis, respectively. It is of some interest that 3 : 5-di-iodo-L-thyronine (XVI) was found 
to have [a]p +26° when dissolved in a mixture of hydrochloric acid and alcohol, whereas a 
solution in a mixture of sodium hydroxide and alcohol had no measurable rotation. This is in 
accordance with the rule that the rotations of L-amino-acids become more positive in the presence 
of acid. 

3 : 5-Di-iodo-L-thyronine was converted into L-thyroxine (XVIII) by iodination with iodine 
in ethylamine solution. This novel method of iodination, which avoids the formation of 
explosive nitrogen iodides, is described in detail in Part VI (in the press). The L-thyroxine had 
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[a]p —5°7° when dissolved in a mixture of ethanol and n-sodium hydroxide (2:1). This rotation 
is very similar to that quoted by Pitt Rivers (loc. cit.) for materia] prepared from 3 : 5-di-iodo- 
N-acetyl-L-tyrosine by aerobic incubation and is rather higher than the earlier values quoted in 
the literature (Harington and Salter, loc. cit.; Harington and Pitt Rivers, Joc. cit.). 

The overall yield of L-thyroxine, based on L-tyrosine, was 26%. 


EXPERIMENTAL, 


L-5-(3-Nitro-4-hydroxybenzyl) hydantoin.—L-5-p-Hydroxybenzylhydantoin (Dakin, J. Biol. Chem., 
1910, 8, 25) (6 g.) was added in small portions to concentrated nitric acid (40 ml.) with vigorous stirring, 
the temperature being kept between 25° and 30° by addition of small pieces of solid carbon dioxide. 
The solution was stirred until there was a spontaneous drop of temperature (about 20 minutes after the 
completion of the addition) and was then poured into a large quantity of water. The flocculent yellow 
precipitate was filtered off and washed first with water and then with a small quantity of alcohol. After 
recrystallisation from alcohol (charcoal) the hydantoin was obtained as yellow prisms (5-8 g,, 80%), 
m. p. 215—216° (Found: C, 48-3; H, 3-6; N, 16-9. C,H,O,;N, requires C, 47-8; H, 3-6; N, 16-7%); 
[a]i® —55-5° (c, 0-71 in acetone). 

L-5-(3 : 5-Dinitro-4-hydroxybenzyl)hydantoin (II).—(a) From .-5-p-hydroxybenzylhydantoin. The 
hydantoin (10 g.) was added in portions to nitric acid (d 1-42; 100 ml.) which was stirred and kept at 
45—50° during the addition, and for a further 2 hours. The solution was poured on ice and the yellow 
precipitate was filtered off and dried. Crystallisation from alcohol (charcoal) gave yellow needles, m. p. 
249—250° (decomp.) (9-0 g., 63%) (Found: C, 40-95; H, 3-0; N, 18-9. C,H,O,N, requires C, 40-5; 
H, 2-7; N, 18-9%); [a]}®§ —61-6° (c, 1-07 in acetone). 

(b) From 3 : 5-dinitro-L-tyrosine. 3: 5-Dinitro-L-tyrosine (for preparation, see below) (25 g.), sodium 
cyanate (17-5 g.), and water (125 ml.) were boiled under reflux for 15 minutes. A further quantity of 
sodium cyanate (10 g.) was added to the deep-red solution, which was then boiled under reflux for 30 
minutes more. The solution was made acid to Congo-red by cautious addition of concentrated hydro- 
chloric acid and after a short time the solid was filtered off. The moist solid was then boiled under 
reflux for 1 hour with 5n-hydrochloric acid (100 ml.). The mixture was allowed to cool and the solid 
{18 g., 66%) was filtered off. After crystallisation from alcohol, the material melted at 247—248° 
(decomp.) alone or mixed with a specimen prepared as described above (Found: N, 18-8%); [a]? 
—62-0° (c, 1-00 in acetone). 

L-5-(3 : 5-Dinitro-4-p-methoxyphenoxybenzyl)hydantoin (IV).—1-5-(3 : 5-Dinitro-4-hydroxybenzy]l)- 
hydantoin (10-0 g.), toluene-p-sulphonyl] chloride (7-2 g.), and dry pyridine (85 ml.) were boiled under 
reflux for 15 minutes. p-Methoxyphenol (12-5 g.) was added and the mixture was boiled under reflux 
for a further 90 minutes. The pyridine was removed by distillation under reduced pressure, and the 
residual gum was dissolved in acetone. On addition of water to the hot solution, a solid product separated 
(10-5 g., 77%), which melted at 236—236-5° after crystallisation from aqueous acetone (Found : C, 50-5; 
H, 3-4; N, 13-8. C,,H,,O,N, requires C, 50-7; H, 3-5; N, 139%); [a]? —29-6° (c, 0-98 in acetone). 
The rotations of the products obtained from several such experiments varied from —22-9° to —36-0°. 

5-(3 : 5- Di-iodo-4-p-methoxyphenoxybenzyl)hydantoin (V1).—(a) L-5-(3 : 5- Dinitro-4-p-methoxy- 
phenoxybenzyl)hydantoin ([{a]}? —26-2°) (4-0 g.) in glacial acetic acid (70 ml.) was hydrogenated at 70°/85 
atm. in the presence of palladised charcoal (10%; 1 g.). The catalyst was filtered off and the filtrate 
was added gradually to a cooled, stirred solution of sodium nitrite (1-6 g.) in concentrated sulphuric acid 
(50 ml.). When the addition was complete the solution was stirred for 30 minutes and then added toa 
10% solution of iodine in concentrated aqueous potassium iodide (80 ml.). The mixture was left over- 
night and the solid material was filtered off and washed twice by suspension in hot sodium iodide solution. 
The resulting brown powder crystallised from glacial acetic acid (charcoal) to give the di-iodo-compound 
as a white solid, m. p. 212° (1-2 g., 19%), which contained solvent of crystallisation (Found : C, 37-1; H, 
2-8; N, 4-65; 1, 40-7. C,,H,,0O,N,1,,C,H,O, requires C, 36-6; H, 2-9; N, 4-5; I, 40°7%); [a]}? —11-0° 
{c, 0-988 in acetone). 

(b) The dinitro-compound ([a]p —27°; 11-7 g.) in glacial acetic acid (300 ml.) was hydrogenated at 
room ee gery and 100 atm. in the presence of palladised charcoal (10%; 1 g.). The catalyst was 
filtered off, and the filtrate evaporated under reduced pressure from a bath at 50°. The residue was 
dissolved in acetone and treated with a slight excess of methyl-alcoholic hydrogen chloride. The 
acetone was decanted from the semi-solid hydrochloride which was crystallised from a mixture of alcohol 
with either chloroform or ethyl acetate. 5-(3 : 5-Diamino-4-p-methoxyphenoxybenzyl)hydantoin 
monohydrochloride (7-7 g,, 70%) melted at 246° (decomp.) alone or mixed with a specimen of the 
DL-compound and had no measurable rotation (Found : RN 14-5; Cl, 9:3. Calc. for C,,H,,O,N,Cl: 
N, 14-8; Cl, 9-4%). Borrows, Clayton, and Hems (this vol., p. S 199) give m. p. 245° (decomp.) for the 
DL-compound. 

The hydrochloride (2-0 g.) was added to a cooled, stirred mixture of acetic acid (20 ml.) and sulphuric 
acid (20 ml.). The solution was added during 2 hours to a cooled (—2° to 0°), well-stirred solution of 
sodium nitrite (0-9 g.) in sulphuric acid (12 ml.), previously diluted below 0° with acetic acid (12 ml.). 
After a further hour, the orange-coloured tetrazonium solution was added to a solution of sodium iodide 
(5 g.) and iodine (6 g.) in water (100 ml.), which was stirred and kept below 25°. The mixture was 
stirred overnight and then filtered. The black solid was suspended in sodium hydrogen sulphite solution 
and treated with sulphur dioxide to remove free iodine. The resulting pale yellow solid (2-4 g., 81%), 
crystallised trom aqueous acetone, melted at 211—213°, alone or mixed with a specimen of the 
DL-compound (Borrows, Clayton, and Hems, loc. cit., give m. p. 213—214° for the DL-compound) ; 
[a]p —2° (c, 1-0 in acetone). 

A preparation of the optically pure L-compound from the corresponding amino-acid is described on 
p. 3432. 
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Demethylation of 5-(3 : 5-Di-iodo-4-p-methoxyphenoxybenzyl)hydantoin and Conversion of the Product 
(VII) into lf BP ena ma or nor ag > hydantoin (X).—The foregoing methoxy-compound ([a]p —11-0°) 
(2-0 g.) was boiled under reflux for 30 minutes with a mixture of hydriodic acid (d 1-7; 6 ml.) and glacial 
acetic acid (6 ml.). The mixture was left overnight in the refrigerator and the solid material was filtered 
off and washed with a little glacial acetic acid. After crystallisation from aqueous alcohol the material 
was obtained as a white powder (1-67 g., 85%), m. p. 247° (Found: N, 5-2. Calc. for C;g.H,,0,N,I,: N, 
5-1%); [a]?? —11-8° (c, 0-51 in alcohol). 

he di-iodo-compound (0-5 g.) in N-sodium hydroxide (20 ml.) was hydrogenolysed in the presence 
of palladised calcium carbonate (1%; 2 g.). After removal of the catalyst the boiling solution was 
treated with an excess of dilute hydrochloric acid to yield 5-(4-p-hydroxyphenoxybenzyl) hydantoin (0-23 g.), 
m. p. ek (decomp.) (Found: N, 9-4. C,,H,,O,N, requires N, 9-4%), [a]p —15-2° (c, 0-462 in 
ethanol). 

L-5-(3 : 5-Dinitro-4-p-hydroxyphenoxybenzyl)hydantoin (VIII)—A mixture of L-5-(3 : 5-dinitro-4- 
hydroxybenzyl)hydantoin (1-0 g.), toluene-p-sulphonyl chloride (0-74 g.), and dry pyridine (10 ml.) 
was boiled under reflux for 15 minutes. Quinol (1-5 g.) was added and the mixture was boiled under 
reflux for 90 minutes. The pyridine was removed under reduced pressure, and the residual oil dissolved 
in warnr acetone which was then diluted with a large volume of water. The precipitated solid was 
filtered off, dried, and extracted with cold acetone. A small quantity of undissolved solid was removed 
and the filtrate was evaporated to small bulk and diluted with water. The resulting solid (0-7 g.) was 
again extracted with cold acetone, and the hot solution diluted with water to the point of precipitation. 
The small quantity of solid which separated on cooling was filtered off and the filtrate was boiled till solid 
began to separate. The compound, which was obtained as fine, yellow needles, melted at 230° (decomp.), 
unchanged by further crystallisation from aqueous acetone (Found: C, 49-7; H, 3-6; N, 14:3. 
C,.H,,0,N, requires C, 49-5; H, 3-1; N, 14-49%); [a]?? —38-1° (c, 0-971 in dioxan). 

L-5-(3 : 5-Dt-iodo-4-p-hydroxyphenoxybenzyl)hydantoin (VII).—The dinitro-compound (3-0 g.) in 
glacial acetic acid (70 ml.) was hydrogenated at 80°/75 atm. in the presence of palladised charcoal. The 
solution was filtered when hot and then allowed to cool, whereupon the diamine (0-98 g.) separated. A 
second fraction (1-07 g.) was obtained by concentration of the mother-liquors. 

The diamine (0-98 g.) was dissolved in phosphoric acid (25 ml.), and the solution added dropwise to a 
cooled, stirred solution of sodium nitrite (0-35 g.) in concentrated sulphuric acid (12 ml.). The solution 
was stirred and cooled for 30 minutes after the addition was complete and was then run into a stirred 
solution of iodine (1-25 g.) and sodium iodide (1-5 g.) in water (25 ml.). After storage overnight, the 
solid was filtered off, washed free from iodine by repeated treatment with boiling sodium iodide solution, 
and dried. L-5-(3 : 5-Di-iodo-4-p-hydroxyphenoxybenzyl)hydantoin (0-67 g.) was obtaired as a light 
brown powder, m. p. 255°, [a]#? —46° (c, 0-5 in dioxan). This material was converted into L-5-(4-p- 
hydroxyphenoxybenzyl)hydantoin without further purification. A preparation of the same compound 
from 3 : 5-di-iodo-L-thyronine is described on p. 3432. 

L-5-(4-p-Hydroxyphenoxybenzyl)hydantoin (X).—(a) From .-5-(3 : 5-di-iodo-4-p-hydroxyphenoxy- 
benzyl)hydantoin. The heduetone (la]n —46°) (0-94 g.) in a mixture of 0-2N-sodium hydroxide (40 ml.) 
and alcohol (10 ml.) was hydrogenolysed at room temperature and pressure in the presence of palladised 
calcium carbonate (1%; 1g.). After removal of the catalyst the solution was acidified with hydrochloric 
acid and the hydantoin (0-48 g.) was filtered off. After crystallisation from aqueous acetic acid it melted 
at 252° (Found: N, 9-4. C,,.H,,0,N, requires N, 9-4%) ; [a]?? —54-6° (c, 0-861 in alcohol). 

(b) From u-thyroxine (see also p. 3433). L-Thyroxine ([alp —5-4°) (0-4 g.) in 0-2N-sodium hydroxide 
(26 ml.) was hydrogenolysed at room temperature and pressure in the presence of palladised calcium 
carbonate (1%; 1g.). Thecatalyst was filtered off and the filtrate was brought to pH ca. 8-5 by addition 
of acetic acid. Sodium cyanate (0-4 g.) was added, and the mixture boiled under reflux for 60 minutes. 
Concentrated hydrochloric acid (20 ml.) was then added, and the mixture boiled for a further 30 minutes. 
After evaporation to small bulk the mixture was filtered and the solid (0-12 g.) was crystallised from 
aqueous acetic acid, being obtained as small needles, m. p. 252° (Found : N, 9-2%), [a]?? —50-7° (c, 0-73 
in alcohol). 

3 : 5-Dinitro-L-tyrosine (III).—1-Tyrosine (105 g.) was added in portions to concentrated sulphuric 
acid (450 ml.) which was stirred and kept at 10° by external cooling. When the addition was complete 
the mixture was cooled to —5° and stirred while nitric acid (d 1-42; 85-5 ml.) was added dropwise, the 
addition taking some 90 minutes. The solution was then stirred at 0° for 15 minutes and poured on 
crushed ice (2 kg.). A solution of sodium hydroxide (400 g.) in water (1 1.) was added cautiously and 
the mixture was then cooled, giving yellow crystals of 3 : 5-dinitro-L-tyrosine (137 g., 87%), m. p. 230— 
232° (decomp.) (Found, after drying at 120°: C, 39-6; H, 3-7. Calc. for CgH,O,N,: C, 39-8; H, 3-3%) 
(Waser, Labouchére, and Sommer, /oc. cit., state that the compound explodes at 230° on rapid heating). 

3 : 5-Dinitro-N-toluene-p-sulphonyl-D.-tyrosine.—3 : 5-Dinitro-DL-tyrosine :(2-72 g.) was dissolved in 
2n-sodium hydroxide (20 ml.) and the solution was shaken overnight with toluene-p-sulphonyl chloride 
(7-6 g.) in ether (40 ml.). The aqueous layer was separated, extracted once with ether, and acidified with 
2n-hydrochloric acid. The dinitro-compound (1-86 g., 44%) was crystallised from glacial acetic acid 
and obtained as fine crystals, m. p. 221° (Found: C, 45-7; H, 3-6; N, 9-6; S, 7-5. C,.H,,O,N,S 
requires C, 45-2; H, 3-6; N, 9-9; S, 7-5%). The compound was shown to be the N-toluene-p-sulphonyl 
derivative by the fact that it dissolved in alkali to give a deep-red solution, indicating that the phenolic 
group was free. 

3 : 5-Dinitro-N-acetyl-L-tyrosine (XI).—A solution of 3 : 5-dinitro-t-tyrosine (100 g.) in 2N-sodium 
hydroxide (800 ml.) was treated with acetic anhydride (51-2 ml.), the solution being stirred and the 
temperature kept below 20°. When the addition was complete the solution was stirred at room 
temperature for 1 hour and then heated to 40° for 30 minutes in order to decompose excess of acetic 
anhydride. Hydrochloric acid (5N.) was added dropwise till the solution was acid to Congo-red and the 
acetyl compound (95 g., 82%) was filtered off. After crystallisation from alcohol or ethyl acetate, it 
melted at 189—190° (Found: C, 42-5, H, 3-5; N, 13-3. C,,H,,O,N; requires C, 42-2; H, 3-5; N, 
13-4%) ; (aJg® +12-2° (c, 1-15 in dioxan). 
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3 : 5- Dinitro-4-toluene-p-sulphonyloxy-N-acetyl-L-phenylalanine.—3 : 5- Dinitro- N-acetyl-.L-tyrosine 
(1 g.) in 0-5N-sodium carbonate (20 ml.) was shaken for 20 hours with a solution of toluene-p-sulphonyl 
chloride (1-5 g.) in ether (20 ml.). The aqueous layer was separated and acidified with 2n-hydrochloric 
acid; the pale yellow precipitate of toluene-p-sulphonyl derivative crystallised from aqueous alcohol in 
small white crystals (0-2 g.), m. p. 178° (Found: C, 46-4; H, 4-0; N, 93. C,,H,,O,9N,S requires C, 
46-3; H, 3-7; N, 90%); [a}}® —5-5° (c, 0-72 in dioxan). 

3 : 5-Dinitro-N-acetyl-L-tyrosine Ethyl Ester (X11).—3 : 5-Dinitro-Nn-acetyl-L-tyrosine (32 g.), toluene- 
p-sulphonic acid (3 g.), alcohol (21 ml.), and chloroform (1 1.) were boiled under reflux in a flask fitted 
with an automatic water separator. When no more water was carried over in the chloroform (about 
8 hours), the solution was cooled and extracted twice with 2N-sodium carbonate solution. The aqueous 
extract was acidified to Congo-red with te aug a acid, giving a thick brown oil, which solidified 
when it was gently warmed and scratched. After crystallisation from hot water or from ethyl 
acetate—petroleum (b. p. 60—80°) the ethyl ester (30 g., 86%) melted at 120—121° (Found: C, 46-1; 
H, 4-7; N, 12-4. C,3;H,,0,N, requires C, 45-8; H, 4-4; N, 12-3%); [a]?? —6-75° (c, 6-2 in dioxan). 

3 : 5-Dinitro-4-toluene-p-sulphonyloxy-N-acetyl-L-phenylalanine Ethyl Ester.—3 : 5-Dinitro-N-acetyl- 
L-tyrosine ethyl ester (3-41 g.), toluene-p-sulphony] chloride (2-0 g.), N-sodium hydroxide (10 ml.), and 
acetone (50 ml.) were boiled under reflux for an hour, during which the red colour disappeared completely. 
Most of the acetone was distilled off, giving an oil which could not be induced to solidify. The oil was 
extracted into chloroform, and the extract washed with 2N-sodium carbonate, then with water, and 
dried (CaCl,). The chloroform extract was evaporated to dryness and the residual gum was triturated 
with light petroleum, giving a glass, which could not be crystallised from the normal solvents. 
Purification. was effected by heating at 100°/0-03 mm. in order to remove unchanged toluene-p-sulphonyl 
chloride. The residual toluene-p-sulphonyl ester was triturated with petroleum but again it was impossible 
to crystallise the glassy product (Found: N, 7-9; S, 6-4. CygH,,O,)N,S requires N, 8-5; S, 6-5%). 

3 : 5-Dinitro-4-p-methoxyphenoxy-N-acetyl-L-phenylalanine Ethyl Estey (XIII).—(a) From 3: 5-di- 
nitro-4-toluene-p-sulphonyloxy-N-acetyl-L-phenylalanine ethyl ester. The toluene-p-sulphonyl ester 
(0-8 g.), p-methoxyphenol (0-6 g.), and pyridine (4 ml.) were boiled under reflux for 1 hour. The solution 
was poured into an excess of 2N-hydrochloric acid, and the deposited oil extracted into chloroform. The 
extract was washed successively with 2N-hydrochloric acid, 2N-sodium hydroxide, and water. The 
dried extract was evaporated, and the residue crystallised from alcohol. The diphenyl ether (0-41 g.) 
crystallised from benzene—petroleum (b. p. 60—80°) to give material melting at 104—106°. 

(b) Directly from 3 : 5-dinitro-N-acetyl-L-tyrosine ethyl ester. A solution of the ester (96 g.) and 
toluene-p-sulphony] chloride (60 g.) in dry pyridine (80 ml.) was heated on the steam-bath for 30 minutes. 
p-Methoxyphenol (102-6 g.) was added, and the solution boiled under reflux for one hour. The pyridine 
was removed under reduced pressure and the residue was taken up in chloroform and extracted 
thoroughly with 2Nn-hydrochloric acid, 2N-sodium hydroxide, and water. The chloroform solution was 
then evaporated todryness. The residue, on crystallisation from ethanol, gave 3 : 5-dinitro-4-p-methoxy- 
phenoxy-N-acetyl-L-phenylalanine ethyl ester (85 g., 68%), m. p. 109—110° (Found: C, 53-4; H, 4-7; 
N, 9-4. CygH,,O,N, requires C, 53-7; H, 4:7; N, 9-4%); [a]#? —8-2° (c, 0-98 in dioxan). 

3 : 5-Dinitro-4-p-methoxyphenoxy -L- phenylalanine.—3 : 5-Dinitro-4-p-methoxyphenoxy- N -acetyl-L- 
phenylalanine ethyl ester (5 g.) was boiled under reflux for 2 hours with a mixture of concentrated 
hydrochloric acid (25 ml.) and glacial acetic acid (25 ml.). On cooling, a solid separated, which was 
filtered off, washed well with water, dried, and crystallised from aqueous acetic acid. The amino-acid 
(3-7 g., 88%) melted at 247—-248° (decomp.) (Found: C, 51-1; H, 4-2; N, 11-15. C,,H,,0,N, requires 
C, 50-95; H, 4-0; N, 11-1%); [a]?§ +25-4° (c, 1-54 in equal volumes of N-hydrochloric acid and alcohol). 

3 : 5-Dinitro-4-p-acetoxyphenoxy-N-acetyl-L-phenylalanine Ethyl Estey.—3 : 5-Dinitro-N-acetyl-t- 
tyrosine ethyl ester (1-37 g.), toluene-p-sulphonyl] chloride (0-75 g.), and pyridine (20 ml.) were heated 
on a steam-bath to 60—70°. p-Acetoxyphenol (1-52 g.) was added, and the solution boiled under reflux 
for one hour. Pyridine was removed under reduced pressure, and the residual oil extracted with boiling 
ethyl acetate. The solution was decanted from a little insoluble material and evaporated to dryness. 
The residual gum was dissolved in acetone and passed through a column of alumina. On removal of the 
acetone the gum rapidly crystallised. The solid product (1-05 g., 55%), crystallised from benzene, 
melted at 114—117° (Found: C, 52-7; H, 4-4; N, 8-8. C,,H,,0, )N, requires C, 53-0; H, 4-4; N, 8-8%). 

3 : 5-Diamino-4-p-methoxyphenoxy-N-acetyl-L-phenylalanine Ethyl Ester (XIV; R’ = H).—3: 5-Di- 
nitro-4-p-methoxyphenoxy-N-acetyl-L-phenylalanine ethyl ester (106 g.) in methanol (1 1.) was 
hydrogenated at room temperature and 70 atm. in the presence of palladised charcoal (10%; 6 g.). 
During all the subsequent manipulations air was excluded by means of carbon dioxide. While warm 
(50°) the solution was filtered, the catalyst was washed with warm methanol (200 ml.), and the combined 
filtrate and washings were evaporated to dryness under reduced — the temperature being kept as 
low as possible. The residual gum was dissolved in warm ethanol (ca. 100 ml.)._ On cooling, the diamine 
(87 g., 95%) separated as white crystals. Material obtained from the first runs melted at 73—75°, 
resolidified at a higher temperature, and finally melted at 135—136°. On storage, the crystals changed 
spontaneously into the high-melting form and later batches have consisted only of this form (Found : 
c 61-8; H, 6-4; N, 10-65. Cy9H,,O,N; requires C, 62-0; H, 6-45; N, 10-85%); [a]? +42-4° (c, 0-94 in 

ioxan). 

Diacetyl derivative (XIV; R’ = Ac). (a) The crude diamine, obtained by evaporation of the hydro- 
genation solution, was dissolved in boiling acetic anhydride. On storage at room temperature overnight, 
crystals separated, which were filtered off and washed with dilute sodium hydroxide solution and water. 
The diacetamido-compound crystallised from alcohol as colourless needles, m. p. 226—227° (Found: C, 
61-4; H, 6-35; N, 8-7. C gH gO,N, requires C, 61-15; H, 6-2; N, 89%); [a]}§ +72-5° (c, 1-01 in 
chloroform). 

(b) The crystalline diamine (1 g.) was left for 12 hours at room temperature in dry pyridine (10 ml.) 
containing acetic anhydride (1-2 ml.). The solid which separated was washed with dilute hydrochloric 
acid, dilute sodium hydroxide, and water. After crystallisation from alcohol the compound (0-8 g., 66%) 
melted at 226°; [a]}® +72° (c, 1-02 in chloroform). 
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3 : 5-Di-iodo-4-p-methoxyphenoxy-N-acetyl-L-phenylalanine Ethyl Ester (XV).—A_ solution of 
3: Ce the Parton | come ne Rr art may ethyl ester (40 g.) in acetic acid (80 ml.) 
was added to concentrated sulphuric acid (40 ml.) with stirring, the temperature being kept between 
10° and 20°. This solution was added dropwise during about 2 hours to a stirred and cooled (—2° to 
0°) solution, prepared by cautious dilution with glacial acetic acid (250 ml.) at about 0° of a solution of 
sodium nitrite (17-5 g.) in concentrated sulphuric acid (125 ml.). When the addition of the diamine 
solution was complete, the orange-coloured solution was stirred for one hour at 0° and was then added 
fairly rapidly from a cooled dropping-funnel to a well-stirred solution of sodium iodide (80 g.), iodine 
(67 g.), and urea (10 g.) in water (1300 ml.) covering a layer of chloroform (250 ml.). No attempt was 
made to cool the mixture, the temperature of which rose to about 40°. Stirring was continued for an 
hour after the addition had been completed and the chloroform layer was then separated. The aqueous 
layer, together with some undissolved iodine, was washed twice with chloroform, and the combined 
chloroform solutions were washed with water. Free iodine was removed from the chloroform solution 
by covering it with an aqueous solution of sodium sulphite (100 g.) and passing in sulphur dioxide. The 
solution was again washed with water and evaporated to dryness, leaving a solid residue. After crystal- 
lisation from alcohol, the di-iodo-compound (51-5 g., 82%) melted at 148—144° (Found: C, 39-4; H, 3-5; 
N, 2-3; I, 41-8. CygH,,O;NI, requires C, 39-4; H, 3-5; N, 2-3; I, 41-7%); [a]#* +30-8° (c, 6-04 in 
dioxan). ' 

3 : 5-Di-iodo-4-p-methoxyphenoxy-N-acetyl-L-phenylalanine.—3 : 5-Di-iodo-4-p-methoxyphenoxy - N- 
acetyl-t-phenylalanine ethy! ester (0-5 g.) was dissolved in a mixture of N-sodium hydroxide (7 ml.) and 
alcohol (7 ml.). The solution was left at room temperature for 30 minutes and was then acidified to 
Congo-red with hydrochloric acid; the solid acid was filtered off and crystallised from aqueous alcohol, 
being obtained as colourless crystals, m. p. 196—197° (Found : N, 2-3; I, 42-5; OMe, 5-4. C,,sH,,O,NI, 
requires N, 2-4; I, 43-7; OMe, 53%); [al#? +8° (c, 0-875 in acetone). 

In order to show that no racemization had occurred during hydrolysis, the compound was re-esterified 
by treatment with alcohol in the presence of toluene-p-sulphonic acid, boiling chloroform being used to 
entrain the water formed. The ester so formed melted at 143° and its rotation was not significantly 
different from that of an authentic specimen. 

3 : 5-Di-iodo-4-p-methoxyphenoxy-L-phenylalanine.—3 : 5-Di-iodo-4-p-methoxyphenoxy-N -acetyl-t- 
phenylalanine ethyl ester (2 g.) was boiled under reflux for 2 hours with a mixture of concentrated 
hydrochloric acid (10 ml.) and glacial acetic acid (10 ml.). The mixture was diluted with water and, after 
some time, the solid was filtered off, washed with water, and dried. After crystallisation from aqueous 
pyridine the amino-acid was obtained as fine white needles, m. p. 241° (decomp.) (Found: N, 2-7; 
I, 46-5; OMe, 5-5. C,,H,,0O,NI, requires N, 2-6; I, 47:1; OMe, 5-8%); [a]? +19-4° (c, 1-02 in equal 
volumes of N-HCl and alcohol), [a]? —6-7° (c, 1-05 in equal volumes of N-NaOH and alcohol); the 
yield was quantitative. 

L-5-(3 : 5-Di-iodo-4-p-methoxyphenoxybenzyl)hydantoin (V1).—3:5-Di-iodo-4-p-methoxyphenoxy-t- 
phenylalanine (2-0 g.), sodium cyanate (2-0 g.), and water (40 ml.) were boiled together under reflux for 
lhour. Since much solid remained undissolved, further quantities of sodium cyanate (2-0 g.) and alcohol 
(40 ml.) were added and the mixture was refluxed for a further 2 hours. After cooling, the mixture was 
carefully acidified with hydrochloric acid and filtered. The solid was boiled under reflux for 90 minutes 
with a mixture of 5n-hydrochloric acid (20 ml.) and alcohol (20 ml.). The mixture was left overnight in 
the refrigerator and filtered. The solid was extracted with acetone to remove a little insoluble material, 
and the product obtained by dilution of the filtrate with water was further crystallised from aqueous 
acetone to yield the hydantoin (1-1 g.), m. p. 243—245° (Found: C, 36-3; H, 2-7; N, 4-65; I, 45-4. 
C,,H,,0,N,I, requires C, 36-2; H, 2-5; N, 5-0; 1, 45-0%); [a]? —50-2° (c, 1-045 in acetone). 

3 : 5-Di-iodo-L-thyronine (XVI).—A mixture of 3: 5-di-iodo-4-p-methoxyphenoxy-N-acetyl-.- 
phenylalanine ethy] ester (10 g.), hydriodic acid (57%, 20 ml.), and glacial acetic acid (20 ml.) was boiled 
under reflux for 4 hours. The solution was evaporated to dryness under reduced pressure and the 
residue was dissolved in hot ethyl alcohol (70 ml.). To the boiling alcoholic solution was added a hot 
solution of sodium acetate (trihydrate; 15 g.) and sodium metabisulphite (0-5 g.) in water (50 ml.). 
After being left in the refrigerator for a short time, the white crystalline precipitate was filtered off, 
washed with water and alcohol, and dried. The material was purified by dissolving it in alcohol 
containing a little concentrated hydrochloric acid, decolorising the solution with charcoal, diluting with 
water, and precipitating the amino-acid by the addition of boiling sodium acetate solution. The product 
(7-9 g., 90%) melted with decomposition at 255° (Found: C, 34-0; H, 2-8; N, 2-7. Calc. for C,;H,,;0,NI,: 
C, 34:3; H, 2-5; N, 2-7%); (alf? +26° (c, 1-06 in a 1:2 mixture of N-hydrochloric acid and alcohol). 
Harington (Biochem. J., 1928, 22, 1429) gives m. p. 256° (decomp.). 

A similar yield of 3: 5-di-iodo-L-thyronine resulted when 3: 5-di-iodo-4-p-methoxyphenoxy-N- 
acetyl-L-phenylalanine ethyl ester (5 g.) was boiled under reflux for 18 hours with either a mixture of 
hydrobromic acid (47%; 7-5 ml.) and glacial acetic acid (7-5 ml.) or a mixture of hydriodic acid (57%; 
4 ml.), concentrated hydrochloric acid (15 ml.), and glacial acetic acid (11 ml.). When the latter mixture 
was employed, a solid separated on cooling and this was filtered off after water (35 ml.) had been added 
and the mixture left for a short time. This material was purified by precipitation with sodium acetate 
from its solution in alcohol and hydrochloric acid. 

L-5-(3 : 5-Di-iodo-4-p-hydroxyphenoxybenzyl)hydantoin (VII).—3 : 5-Di-iodo-L-thyronine (0-6 g.) was 
treated with sodium cyanate (0-6 g.) in boiling water (20 ml.) until a clear solution was obtained. The 
brown solution was decolorised with charcoal, concentrated hydrochloric acid (6 ml.) added, and the 
mixture then boiled under reflux for 30 minutes. The solid hydantoin was filtered off and crystallised 
from aqueous acetic acid; m. p. 255° (Found: N, 5-3. C,.H,,0,N,I, requires N, 5-1%); [a]}? —43° 
(c, 1-18 in dioxan). 

L-Thyronine (XVII).—3 : 5-Di-iodo-t-thyronine was hydrogenolysed as described by Canzanelli, 
Harington, and Randall (Biochem. J., 1934, 28, 68). The L-thyronine so obtained melted at 255° 
(decomp.) (Found: C, 66-1; H, 5-7; N, 5-0. Calc. for C,,H,,0,N: C, 65-9; H, 5-5; N, 51%); [al}#? 
+15-0° (c, 1-36 im equal volumes of N-hydrochloric acid and alcohol). Canzanelli, Harington, and 
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Randall (Joc. cit.) give m. p. 252° (decomp.) and [a],4g, +13-9° for material prepared by this method. 
The hydantoin (X), prepared from this L-thyronine in the usual way, melted at 253—254° after crystal- 
lisation from aqueous acetic acid and had [a]?? —54-7° (c, 0-74 in alcohol) (Found: N, 9-5. Calc. for 
C,,H O,N, : ry 9-4% . 

Thyroxine (XVIII).—To a stirred solution of 3 : 5-di-iodo-t-thyronine (22 g.) in aqueous ethylamine 
(33%; 220 ml.) a 1-9n-solution (88 ml.) of iodine in concentrated —— potassium iodide was added 
dropwise. Towards the end of the addition, the ethylamine salt of L-thyroxine began to se te. After 
all the iodine solution had been added, the mixture was stirred for a few minutes and hydrochloric acid 
(16%) was then added till the pH of the solution was 4—5. After 2 hours, the precipitated eetee 
was filtered off, washed with water, and purified by dissolving it in a mixture of ethyl alcohol (250 ml.) 
and 2n-sodium hydroxide (100 ml.), and adding hot 2n-hydrochloric acid to the boiling solution till the 
pH reached 4—5. The mixture was left in the refrigerator for a few hours and the L-thyroxine was then 
filtered off and dried (yield 29 g., 89%); m. p. 233—235° ie e (Found: C, 23-4; H, 1-4; N, 1-6; 
I, 65-3. Calc. for C,,H,,O,NI,: C, 23-2; H, 1-4; N, 1-8; I, 65-3%); [a]?? —5-7° (c, 2-2 inal:2 
mixture of N-sodium h droxide and ethyl alcohol). Pitt Rivers (Biochem. J., 1948, 48, 223) gives m. p. 
232° (decomp.) and [a]#} —5-4°. 

L-Thyroxine mono-sodium salt. L-Thyroxine (10 g.) was added carefully to boiling 2N-sodium 
carbonate (240 ml.). The solution deposited the mono-sodium salt on cooling as a white or pale yellow 
solid, which was filtered off, washed with water and alcohol, and dried in a desiccator; yield 10-5 g., 
93%. This material lost 10% of its weight on drying at 100° under reduced pressure, indicating that 
it contained 5 molecules of water of crystallisation (Found, on material dried at 100°: I, 64-0. 
C,sHyO,NI,Na requires I, 63-6%). 
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GREENFORD, MIDDLESEX. [Received, September 14th, 1949.] 





NOTES. 


Betulic Acid from Syncarpia laurifolia Tenn. By C. S. Ratpu and D. E. Wuite. 


THE bark of Syncarpia laurifolia Tenn. is interesting because of its resistance to the attack of marine 
borers. From an alcoholic extract of the bark a small amount of betulic acid has now been isolated, and 
identified by comparison with betulic acid prepared from betulin by the method of Ruzicka, Lamberton, 
and Christie (Helv. Chim. Acta, 1938, 21, 1706). Meantime it has been reported that resistance to 
mae is correlated with silica content (Amos and Dadswell, J. Council Sci. Ind. Res., 
1948, 21, 190). 

Betulic acid has also been reported in the barks of Cornus florida L. (Robertson, Soliman, and Owen, 
J., 1939, 1267) and Platanus acerifolia (Brinckner, Kovacs, and Koczka, J., 1948, 948), and in the seeds of 
Zizyphus vulgaris Lamark var. spinosus Bunge (Kawaguti and Kim, /. Pharm. Soc. Japan, 1940, 60, 
343; Chem. Absir., 1941, 35, 1396). Purification of the acid from S. laurifolia bark was very difficult 
owing to contamination with a sulphur compound, which, however, was removed by the method 
outlined below. 

Experimental.—(Melting points are corrected.) Betulic acid. The fibrous outer bark of Syncarpia 
laurifolia (15 kg.) was stripped from a tree growing near Cheltenham (N.S.W.), cut into short lengths 
in a chaff-cutter, and extracted twice by refluxing for 2 hours with alcohol (1401. in all). The extracts 
were combined and the alcohol distilled off, the last traces, together with a minute amount of oil, being 
removed by steam-distillation. The solid residue (500 g.) obtained on cooling was filtered off, dried in 
air, powdered, and extracted in Soxhlet extractors, first with light petroleum (b. p. 40—60°) and then 
with ether. The ether extract was filtered from the solid which separated (29 g.) and shaken with 
10% sodium hydroxide solution. Insoluble sodium salts separated at the interface, and after separation 
of the alkaline solution and decantation of the clear ether solution, the remaining emulsion was filtered. 
The solid (20 g.) was dissolved in 70% alcohol and, after treatment with charcoal, filtered, and the acid 
precipitated with dilute hydrochloric acid, filtered off and crystallised thrice from alcohol. (Yield, 
2-25 g.; m. p. ca. 295°.) A further crystallisation from alcohol, and filtration from a little amorphous 
material which separated after the solution had been cooled to 5°, followed by cooling the solution to 0° 
gave a product (0-9 g.), m. p. 310—312°, still containing sulphur (Found: S, 1-0%). When this acid 
vas dissolved in 5% potassium hydroxide in 70% alcohol, treated with charcoal, filtered, and recovered 
by acidification and crystallisation from alcohol it was sulphur-free. Three further crystallisations from 
alcohol gave pure betulic acid (4 mg.), m. p. 319—320°, and on concentration of the mother liquors from 
the last three crystallisations a further 50 mg. (m. p. 320—321°) were obtained [Found : C, 78-79; H, 
10-47%; M (Rast), 432 (after drying at 120° in high vacuum). Calc. for C,H,,0,: C, 78-9; H, 10-6%; 
M, 456-4). The melting point of this material was not depressed by admixture with betulic acid of 
identical m. p. prepared, by the method of Ruzicka, Lamberton, and Christie (Joc: cit.) from betulin, 
which was obtained from birch bark (Betula alba L.). 

Acetylbetulic Acid. Acetylation of betulic acid from S. laurifolia by the method of Robertson, 
Soliman, and Owen (loc. cit.) followed by four crystallisations from a solution in methyl alcohol containing 
a little acetic acid to which warm water was added (cf. Ruzicka, Lamberton, and Christie, Joc. cit.) gave 
acetybetulic acid, m. p. 293—294° (Found : C, 77-06; H, 10-17. Calc. for C,,H,,O,: C, 77-1; H, 9-9%). 
The melting point of this material was not depressed by admixture with acetylbetulic acid of 
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identical melting point obtained by oxidation of betulin monoacetate (Ruzicka, Lamberton, and Christie, 
loc. cit.). 


Thanks are due to Dr. R. T. Patton and Mr. C. Venville for supplies of birch bark, to Dr. G. Burger 
for the micro-analyses and to St. Andrew’s College, University of Sydney, for laboratory facilities.— 
UNIVERSITY OF SYDNEY, UNIVERSITY OF WESTERN AUSTRALIA. [Received, August 3rd, 1949.] 





An Improved Method of Preparation of Two Aromatic Disulphides. 
By L. BavER and J. CYMERMAN. 


THE preparation of di-p-cyanophenyl disulphide (I) in unstated yield is described by McClelland and 
Warren (J., 1930, 1102) from di-p-carboxypheny]l disulphide which in turn is obtained in poor yield from 
toluene-p-sulphony] chloride (Smiles and Harrison, J., 1922, 2024), necessitating altogether seven separate 
stages. Challenger, Miller, and Gibson (J., 1948, 770) mention the preparation of diphenyl] disulphide 
(in unstated yield) by the action of concentrated hydriodic acid on benzenesulphonyl chloride and 
describe the preparation by this method of 2 : 2’-dithieny] disulphide from thiophen-2-sulphonyl chloride 
in 60—70% yield. Cleve (Ber., 1887, 20, 1534) prepared 2: 2’- and 3: 3’-dinitrodiphenyl disulphide, 
and also later (Ber., 1888, 21, 1099) diphenyl] disulphide, by the same method, whilst Ekbom (Ber., 1902, 
35, 651) obtained 4: 4’-dinitrodiphenyl disulphide from -nitrobenzenesulphonyl chloride only by 
boiling with an excess of hydriodic acid. 

As (I) was required, the action of concentrated hydriodic acid on p-cyanobenzenesulphony] chloride 
(Remsen, Hartman, and Muckenfuss, Amer. Chem. J., 1896, 18, 158), readily prepared from p-sulphamy]l- 
benzoic acid, a by-product from the manufacture of saccharin, was examined and a 66% yield of crude 
(I), and after one recrystallisation a 50% overall yield of pure (I), was readily achieved under mild 
conditions. Application of the same method to p-acetamidobenzenesulphonyl chloride. (Smiles and 
Stewart, Org. Synth., Coll. Vol. I, 1941, 8) afforded, after acid hydrolysis, a 77-56% yield of di- 
p-aminophenyl disulphide. 

Experimental.—Di-p-aminophenyl disulphide. p-Acetamidobenzenesulphonyl chloride (7 g.), 
hydriodic acid (30 c.c.; d 1-72), and glacial acetic acid (90 c.c.) soon gave a homogeneous solution which 
was set aside at room temperature for 22 hours. The solution was then diluted with sodium thiosulphate 
solution (300 c.c.; 10%) and treated with anhydrous sodium carbonate (50 g.), followed by sodium 
hydroxide solution (350 c.c.; 10%) till alkaline (litmus). The light-brown acetyl derivative was filtered 
off, washed with water, and refluxed with concentrated hydrochloric acid (60 c.c.) in 95% alcohol (30 c.c.) 
for 1-5 hours. The hot solution was then treated with an additional 40 c.c. of concentrated hydrochloric 
acid and allowed to cool slowly, being finally cooled to 0°. The product was filtered off, washed with 
dilute hydrochloric acid (1: 1) and ether, and recrystallised from dilute hydrochloric acid (1 : 1), giving 
3-7 g. (77-5%) of di-p-aminopheny] disulphide dihydrochloride as white needles, m. p. 225° (Hodgson and 
Dix, J., 1914, 955, give m. p. 225°). The base, liberated by addition of sodium hydroxide solution to an 
aqueous solution of the hydrochloride, crystallised from aqueous alcohol in pale cream-coloured needles, 
m. p. 75—76° (Price and Stacy, Org. Synth., Vol. 28, p. 24, give m. p. 75—76°). 

Di-p-cyanophenyl disulphide. A mixture of p-cyanobenzenesulphonyl chloride (6 g.), hydriodic acid 
(30 c.c.; d 1-72), and glacial acetic acid (90 c.c.) was kept at room temperature for 22 hours. The 
solution was then treated with sodium thiosulphate solution and basified as described above, giving 
2-64 g. (66%) of the crude dinitrile, m. p. 168—169°. Recrystallisation from chloroform-light petroleum 
(b. p. nad afforded white needles, m. p. 172—173° (McClelland and Warren, loc. ctt., give m. p. 
172—173°). 


This work was carried out under the auspices of the National Health and Medical Research Council, 
to whom thanks are due for financial assistance. ORGANIC CHEMISTRY DEPARTMENT, THE UNIVERSITY 
OF SYDNEY, N.S.W., AUSTRALIA. [Received, August 10th, 1949.) 





The Preparation of Some Aminonaphthol Derivatives. By FREDERICK KURZER. 


In the course of related work, it became necessary to prepare 1-toluene-p-sulphonmethylamido-2-naphthol. 
The synthesis, by general methods, of this compound involved the preparation of several new l-amino-2- 
naphthol derivatives which are described below. Alkaline hydrolysis of 1-toluene-p-sulphonamido- and 
1-toluene-p-sulphonmethylamido-2-naphthyl toluene-p-sulphonate gave the corresponding naphthols. The 
preparation of l1-methylamino-2-naphthol by hydrolytic removal, with almost concentrated sulphuric 
acid, of both toluene-p-sulphonyl groups from 1-toluene-p-sulphonmethylamido-2-naphthyl toluene-p- 
sulphonate was not possible, since far-reaching decomposition could not be avoided ; alkali-soluble, black 
resinous materials, free from nitrogen, were obtained in some cases. Attempts to control the course of 
the hydrolysis by employing various mixtures of glacial acetic-sulphuric acid (cf. Usherwood and 
Whiteley, /., 1923, 1084; Kuhn and Reinemund, Ber., 1934, 67, 1932) or ethanolic sulphuric acid (cf. 
Thorp and Walton, /., 1948, 559) gave equally negative results. Under mild conditions the starting 
material was recovered, whilst vigorous treatment resulted in more complex reactions, and led to the 
partial destruction of the toluene-p-sulphonate. This preparation is readily accomplished with the 
corresponding aminophenols (Swiss P. 88,561; see also mn and Birtwell, J., 1943, 433); there is 
thus a marked difference in the behaviour of the corresponding toluene-p-sulphonyl esters in the 
aminophenol and the aminonaphthol series. 

The preparation of Schiff’s bases from aminonaphthols and furfuraldehyde is also described. 

Experimental.—1-Toluene-p-sulphonamido-2-naphthyl toluene-p-sulphonate. A solution of l-amino-2- 
naphthol hydrochloride (19-5 g., 0-1 mol.) in anhydrous pyridine was treated with excess of toluene-p- 
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sulphonyl chloride (58 g., 0-3 mol.), and heated on the steam-bath for 2 hours. The material was poured 
into water (500 ml.), and the separated oil solidified on stirring and was ground in a mortar with successive 
portions of hydrochloric acid, dilute sodium hydroxide solution, and water until it was nearly neutral. 
After two crystallisations fron acetone-ethanol—water (300, 600, and 50 ml., respectively) (charcoal), 
1-toluene-p-sulphonamido-2-naphthyl toluene-p-sulphonate, m. p. 182—184°, was obtained in colourless 
compact prisms. Evaporation of the mother liquors to a small bulk gave further quantities of the 
product (total yield, 42—45 g., 90—96%) (Found: C, 61-5; H, 4-7; S, 13-5. C,,H,,O,;NS, requires 
C, 61-7; H, 4:5; S, 137%). The compound is insoluble in water, very sparingly soluble in warm 
sodium hydroxide solution, sparingly soluble in boiling ethanol, and soluble in acetone. 

1-Toluene-p-sulphonamido-2-naphthol. A solution of oe ees See toluene- 
p-sulphonate (5 g.) in alcoholic potassium hydroxide (18 g. of potassium hydroxide in 150 ml. of ethanol) 
was boiled under reflux for 2 hours. After neutralisation of the alkali with hydrochloric acid, the 
solution was distilled to a small bulk (30 ml.), and diluted with hydrochloric acid (150 ml.; 2%). 
Crystallisation of the separated product from aqueous alcohol gave 1-toluene-p-sulphonamido-2-naphthol, 
m. p. 176—178°, in colourless short prisms (Found: S, 9-75. C,,;H,;0,;NS requires S, 10-2%). It is 
very soluble in ethanol and acetone. 

1-Toluene-p-sulphonmethylamido-2-naphthyl toluene-p-sulbhonate. A solution of 1-toluene-p-sulphon- 
amido-2-naphthy] toluene-p-sulphonate (9-35 g., 0-02 mol.) in acetone (150 ml.) was treated at 65—75° 
alternately with small portions of sodium hydroxide solution (40 ml.; 30% w/v) and dimethyl sulphate 
(25 g., 0:2 mol.) over a period of 20 minutes. Good contact between the acetone and the aqueous phase 
was maintained by vigorous shaking ; each addition of dimethyl sulphate was accompanied by a transient 
colour change to deep-orange until methylation was complete. After 4 hour’s refluxing, with continued 
addition of sodium hydroxide solution to keep the mixture alkaline, the acetone layer was separated from 
the aqueous phase while hot (separation being facilitated by the addition of ether if necessary), and the 
solvent removed in a vacuum. The residue gave, after two crystallisations from acetone—ethanol 
(80 and 100 ml., respectively), 1-toluene-p-sulphonmethylamido-2-naphthyl toluene-p-sulphonate, m. p. 
168—171°, in colourless lustrous short needles (yield, 9-2—9-35 g., i.e., nearly theoretical) (Found: C, 
62-8; H, 5-2; S, 13-05. C,,;H,,;0,NS, requires C, 62-4; H, 4-8; S, 13-3%). It is soluble in hot acetone 
and ether, and sparingly in ethanol. Crystallisation from aqueous ethanol (50 ml. of ethanol and 8 ml. 
of water per g.) gives minute prisms. 

1-Toluene-p-sulphonmethylamido-2-naphthol. 1-Toluene-p-sulphonmethylamido-2-naphthyl toluene- 
p-sulphonate (9-6 g., 0-02 mol.), when boiled in alcoholic potassium hydroxide (150 ml.; 10% w/v) for 
two hours and worked up as described above, gave 1-to ee eee aoe (6-2 g., 
94%) crystallising in lustrous platelets, m. p. 191—193°, from ethanol (Found : C, 66-3; H, 4-8; S, 9-2. 
C,gH,,O,NS requires C, 66-1; H, 5-2; S, 9-8%). 

1- Foluene-p-sulphonmethylamido-2-methoxynaphthalene. A warm solution of 1-toluene-p-sulphon- 
methylamido-2-naphthol (13-0 g., 0-04 mol.) in acetone (100 ml.) was methylated at 30—40° by alternate 
additions, with _* of dimethyl sulphate (total, 25 g., 0-2 mol.) and sodium hydroxide solution 
(40 ml. ; 35% w/v). After the solution had been shaken vigorously for a further 15 minutes, the acetone 
layer was removed, the aqueous phase again extracted with ether, and the combined, washed dark-red 
extracts evaporated ina vacuum. The residue, when taken up in acetone (30 ml.), filtered with carbon, 
and diluted with ethanol (50 ml.), deposited lustrous platelets of SS ae a ea en ae 
methoxynaphthalene, m. p. 132—134° (yield, 11-3 g., 82%) (Found: C, 66-9; H,5-2; S,9-0. C,.H,,O,NS 
requires C, 66-9; H, 5-6; S, 9-4%). 

1-Furfurylideneamino-2-naphthol. A suspension of l-amino-2-naphthol [prepared by the addition at 
60° of sodium acetate (10 g.) to a solution of l-amino-2-naphthol hydrochloride (9-8 g., 0-05 mol.) in 
water (120 ml.), in the presence of alittle sodium dithionite, cooling the solution to 0°, and filtering off the 
product] in benzene (300 ml.) was treated with excess of furfuraldehyde (5-4 g., 0-055 mol.), and heated 
on the steam-bath for 15 minutes, whereupon the naphthol dissolved rapidly. The deep-yellow liquid 
obtained was separated from small quantities of water while hot, and evaporated to a small bulk (100 ml.). 
On the addition of light petroleum (10—15 ml.; b. p. 60—80°), and cooling, the liquid deposited dark- 
yellow crystalline 1-furfurylideneamino-2-naphthol, m. p. 174—176° (decomp.) (yield, 9—10 g., 76—84%) 
(Found: N, 6-1. C,,H,,0,N requires N, 5-9%). 

4-Furfurylideneamino-\-naphthol. Sodium acetate (4 g.) was added to a solution of 4-amino-1- 
naphthol hydrochloride (4-9 g., 0-025 mol) in water (60 ml.), and the aqueous suspension vigorously 
shaken with furfuraldehyde (2-7 g., 0-028 mol.) at 40° for 10 minutes. The dark oil obtained was extracted 
with benzene. The extracts, on partial evaporation, gave 4-furfurylideneamino-1-naphthol as a yellow 
powder, m. p. 156—157° (decomp.), which crystallised from a large volume of benzene in massive lustrous 
leaflets, disintegrating to a yellow powder on being dried (Found : N, 5-7. C,,H,,0,N requires N, 5-9%). 
—Ku1NG’s COLLEGE oF HOUSEHOLD AND SocraL SciENCE (UNIVERSITY OF LONDON), W.8. ([Received, 
August 16th, 1949.) 





2-Chloro-5-nitroaniline. By C. BucHANAN and S. H. GRAHAM. 


THE preparation of this compound by nitration of o-chloroaniline sulphate (Chattaway, Orton, and 
Evans, Ber., 1900, 38, 3062), or by reduction of 2: 4-dinitrochlorobenzene (Claus and Stiebel, Ber., 
1887, 20, 1379), not proving satisfactory, the following procedure was adopted (cf. Brady, J., 1925, 127, 
2264). N-(o-Chlorophenyl)phthalimide (m. p. 141°) gave, on nitration, N-(2-chloro-5-nitrophenyl) 
phthalimide which was hydrolysed with 2n-sodium hydroxide to the required amine. Methylation of 
the toluene-p-sulphony] derivative with methyl sulphate and sodium hydroxide, followed by hydrolysis 
with sulphuric acid, gave 2-chloro-5-nitro-N-methylaniline, the m. p. (110°) of which was substantially 
higher than that given by Phillips (J., 1931, 1151), viz., 99°. 
Experimental.—N-(2-Chloro-5-nitrophenyl)phthalimide. To a suspension of N-(o-chlorophenyl)- 
phthalimide (30 g.) in 96% sulphuric acid (110 c.c.), 68% nitric acid (25 c.c.) was added gradually with 
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stirring. Heat was evolved and the temperature was kept at 30—40° by cooling in a stream of running 
water. The mixture was set aside for 30 minutes after addition of the acid was complete and poured 
into water; the precipitated nitro-product formed pale yellow — (33 g.), m. p. 197°, from acetic 
acid (Found: C, 55-6; H, 2-5. C,,H,O,N,Cl requires C, 55-6; H, 2-3%). 

Hydrolysis. A solution of the nitration product (30 g.) in 2N-sodium hydroxide solution (250 c.c.) 
was boiled for 2 hours and cooled. The amine was filtered off, and crystallised from alcohol as bright 
yellow needles m. p. 120° (14 g.). The N-toluene-p-sulphonyl derivative formed diamond-shaped 
prisms, m. p. 159°, from acetic acid. 

N-Toluene-p-sulphono-2-chloro-5-nitro-N-methylanilide, white prisms, m. p. 89°, from alcohol, 
was hydrolysed by 80% sulphuric acid at 140° to the free base, orange prisms, m. p. 110° (Found: 
C, 45-1; H, 3-7. Calc. for C,H,O,N,Cl: C, 45-1; H, 38%), from methanol.—Tue UNIvErsirty, 
Grascow, W.2. (Received, September 21st, 1949.] 





Some Diazoamino- and Aminoazo-naphthalenes. By HERBERT H. HopGson and JOHN HABESHAW. 


To obtain further evidence of isomeric changes of the diazoamino—aminoazo-type in the naphthalene 
series, 2-nitro-, 4-nitro-, and 4-chloro-l-naphthylamine were treated in ethanol solution, or 
suspension, with amyl nitrite in the presence of less sulphuric or Le prreicetin acid than was necessary 
for the formation of the diazonium sulphate. The 4-substituted compounds gave their respective 
aminoazonaphthalenes via their unstable diazoamino-isomerides, but 2-nitro-l-naphthylamine gave 
2 : 3’-dinitro-4’-amino-1 : 1’-azonaphthalene directly, no intermediate diazoamino-compound being 
observed. These reactions indicate that coupling in the ortho-position to an amino-group in the 
naphthalene series may be preceded by formation of the isomeric diazoamino-compound. 

Diazotisation of 4-Nitro-1-naphthylamine with Insufficient Mineral Acid.—A solution of 4-nitro-1- 
naphthylamine (10 g.) in ethanol (150 c.c.) and sulphuric acid (2 c.c.; d 1-84) was treated with amyl 
nitrite (15 c.c.) at 5—10°, and the mixture kept for an hour, whereafter the brown solid (7 g.) which 
separated was filtered off and washed with cher. The separation of the solid from the mixture was 
assisted by the addition of ether (100 c.c.); the product exploded in a flame, melted with explosive 
decomposition at ca. 113°, and, when boiled (2 g.) with ethanol (50 c.c.) containing hydrochloric acid 
(35 c.c.; d 1-16) for 30 minutes and then steam-distilled, afforded l-nitronaphthalene (0-6 g.), 
while the residual 4-nitro-l-naphthylamine in the steam-flask when crystallised from ethanol had 
m. p. 194°. When the brown solid (2 g.) was boiled with hydrochloric acid (35 c.c.; d 1-16) and 
water (100 c.c.) for 30 minutes, the solution became yellow and, when filtered hot, deposited 4-nitro-1- 
naphthol, while the residue contained 4-nitro-l-naphthylamine. These reactions indicate the brown 
solid to be the 4: 4’-dinitro-1 : 1’-diazoaminonaphthalene. 

When the reaction mixture as above was kept for 48 hours (cf. also Hodgson, Nicholson, and Turner, 
J., 1944, 15), bright red 4 : 4’-dinitro-l-amino-1l’ : 2-azonaphthalene was formed, and was then filtered 
off, washed with ethanol, and crystallised from nitrobenzene in bright needles, m. p. 279—280° alone or 
mixed with a specimen prepared by coupling 4-nitronaphthalene-l-diazonium chloride with 4-nitro-1- 
naphthylamine (Hodgson, Nicholson, and Turner, Joc. cit., give m. p. 274°) (Found: N, 17-9. Calc. 
for CyH,;0,N,: N, 18:1%). It gave an initial deep-blue colour with concentrated sulphuric acid. 
When hydrogen chloride was passed into a nitrobenzene solution of the aminoazo-compound, the 
hydrochloride separated in small metallic-looking plates which did not melt, and lost hydrogen chloride 
in the air too rapidly for analysis. 

1’-Chloro-4 : 4’-dinitro-1 : 2’-azonaphthalene was formed when a suspension of the above aminoazo- 
compound (3 g.) in glacial acetic acid (40 c.c.) was stirred at 20—25° into a solution of sodium nitrite 
(1 g.) in sulphuric acid (9 c.c.; d 1-84), and the stirring continued for 1 hour; a red solution was obtained 
which was then added to one of cuprous chloride (5 g.) in hydrochloric acid (50 c.c.; d 1-16). There 
was a vigorous evolution of nitrogen, and, after being stirred for 2 hours, the mixture was heated 
for 15 minutes on the water-bath, cooled, and diluted with water (100 c.c.). The crude 1’-chloro-4 : 4’- 
dinitro-| : 2’-azonaphthalene (1-6 g.) was filtered off, washed with water, dilute aqueous ammonia, and 
water, and dried; after crystallisation 3 times from glacial acetic acid, it was obtained in light-red 
needles (much paler than the parent aminoazo-compound), m. p. 206—207° (Found: Cl, 8-4. 
CypH,,0,N,Cl requires Cl, 8-7%), which gave a deep-blue solution in concentrated sulphuric acid. 

2 : 3’-Dinitro-4’-amino-1 : 1’-azonaphthalene was obtained when 2-nitfo-l-naphthylamine (10 g.) 
was diazotised as was the above 4-nitro-isomeride. On addition of ether, however, to the diazo- 
solution, some 2-nitronaphthalene-1-diazonium sulphate was precipitated. This was filtered off. The 
filtrate was kept overnight, whereupon the red aminoazo-compound was deposited and crystallised 
from nitrobenzene in bright scarlet needles, m. p. 272—273° (Found: N, 18-3. C..H,,;0,N, requires 
N, 18-1%), which gave a very deep-blue solution in concentrated sulphuric acid and remained unchanged 
in the Sandmeyer reaction. 

4: 4’-Dichloro-1 : 1’-diazoaminonaphthalene was formed when a solution of 4-chloro-l-naphthylamine 
(10 g.) in ethanol (200 c.c.) was treated with amy] nitrite (10 c.c.) and hydrochloric acid (7 c.c.; d 1-16). 
The intense red solution, when treated with ether (100 c.c.), deposited the diazoamino-compound as a 
red solid (4 g.) after ca. an hour; this was filtered off, washed with a little cold ethanol, and dried; it 
exploded in a flame, decomposed very rapidly when heated to 90°, and, when boiled (2 g.) with ethanol 
(50 c.c.) and hydrochloric acid (35 c.c.; d 1-16) for 30 minutes and then steam-distilled, afforded 4-chloro- 
naphthalene (0-5 g.). The residue in the flask was washed free from acid and steam-distilled in the 
presence of alkali, whereupon 4-chloro-l-naphthylamine (0-6 g.) was obtained. When the diazoamino- 
compound (2 g.) was boiled for 30 minutes with hydrochloric acid (50 c.c.; d 1-16) and the mixture 
steam-distilled, ne yet ma (0-6 g.) passed over, the flask residue when distilled with alkali 
affording 4-chloro-l-naphthylamine. The stable red 4: 4’-dichloro-1’-amino-1 : 2’-azonaphthalene was 


formed slowly when the above reaction mixture was kept for several days; it crystallised from benzene 
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in very small red crystals, m. p. 231—232° (Found: Cl, 19-1. C,)H,,N,Cl, requires Cl, 19-4%), its 
solution being intensely coloured. 


The authors thank Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of chemicals.— 
TECHNICAL COLLEGE, HUDDERSFIELD. (Received, September 22nd, 1949.) 





The Monochlorination of 3-Fluoro-6-nitrophenol in the 4-Position. 
By HERBERT H. HopGson and JosEPH NIXON. 


ONLY monochlorination occurs when 3-fluoro-6-nitrophenol (10 g.) is stirred at room temperature into 
1-45N-sodium hypochlorite (200 c.c.). The mixture was kept overnight, then heated on the water-bath 
for 15 minutes, cooled, and acidified with dilute sulphuric acid; the separated oil was removed and 
steam-distilled, the distillate frozen, the solid dissolved in ethanol, and the solution allowed to evaporate, 
whereupon 4-chloro-5-fluoro-2-nitrophenol separated. This crystallised from light petroleum in yellow 
needles, m. p. 98° (Found: Cl, 18-4. C,H,O,NCIF requires Cl, 18-5%). The constitution of the 
chlorinated product follows from its synthesis as follows: 4-chloro-3-fluoroanisole was demethylated by 
hydriodic acid (Hodgson and Nixon, J., 1931, 981); the resultant phenol, isolated by distillation in 
steam, was treated with sodium nitrite solution and then with hydrochloric acid. 4-Chloro-5-fluoro-2- 
nitrophenol thus formed was isolated by distillation in steam; it crystallised from light petroleum in 
yellow needles (Found: Cl, 18-3%), m. p. 98° alone or mixed with the above products. 


The authors thank Messrs. Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of 
chemicals.—TECHNICAL COLLEGE, HUDDERSFIELD. [Received, September 22nd, 1949.] 





Formylation of Bile Acids. By I. W. Hucues, F. Smitu, and M. WEBB. 


FoRMYLATION offers a valuable means for protecting the hydroxy] groups of bile acids in certain synthetic 
reactions and we have therefore explored various methods for increasing the efficiency of the formylation 
process. The preparation of formyl derivatives of bile acids by the method of Cortese and Bauman 
(J. Amer. Chem. Soc., 1935, 57, 1393; J. Biol. Chem., 1936, 118, 779) frequently results in the formation 
of mixtures of partly substituted derivatives which fail to crystallise, and it is only by re-treatment with 
formic acid at 60—70° that complete formylation is attained. 

Previous experiments have indicated that improved formylation can be achieved by use of a mixture 
of formic acid and sodium formate (Stacey and Webb, Proc. Roy. Soc., 1947, B, 184, 522). The profound 
catalytic effect of small amounts of perchloric acid in the acetylation of phenols (Conant and Bramann, 
J. Amer. Chem. Soc., 1928, §0, 2305) and bile acids (Whitman and Schwenk, ibid., 1946, 68, 1865) has 
been noted and extended to sugars (Nicholas and Smith, Nature, 1948, 161, 349) and sugar alcohols 
(Nicholas and Smith, unpublished work; cf. Kriger and Roman, Ber., 1936, 69, 1830). We now find 
that this acid is also an excellent catalyst in formylation reactions. For example, it was found that in 
the presence of perchloric acid the formylation of bile acids and their derivatives was brought about by 
one treatment with formic acid at 50—55° with the production of good yields of the fully formylated 
products. Experiments in which the formylation of cholic acid was carried out with formic acid purified 
by distillation first from phosphoric oxide (Schlesinger and Martin, J. Amer. Chem. Soc., 1914, 36, 1589) 
and then from anhydrous oxalic acid, or by distillation over boric anhydride (Schierz, ibid., 1923, 45, 
477), showed that the yield of O-triformylcholic acid obtained in the presence of perchloric acid increased 
with increasing purity of the formic acid. 

The formyl derivatives of bile acids were found to be much more sensitive to acid and alkaline 
hydrolysis than the corresponding acetyl derivatives, and it was not possible to effect partial deformyl- 
ation of triformylcholic acid with those reagents examined. Thus, the compound was completely 
deformylated by methyl-alcoholic hydrogen chloride, sodium ethoxide in ethanol, and by sodium 
hydroxide equivalent to one formyl group, whereas it was recovered unchanged after prolonged boiling 
in aqueous-alcoholic solution. 

xperimental.—O-Triformylcholic acid. A solution of cholic acid (1 g.) in freshly distilled formic 
acid (70%, 10 c.c.) containing perchloric acid (6N.; 0-1 c.c.) was heated for 2 hours at 55° and then 
concentrated to half its volume in vacuo at 40°. The solution was then poured with stirring into water 
(400 c.c.), and the resulting precipitate collected after 3 hours. The solid was repeatedly washed with 
water until free from formic acid and then crystallised and recrystallised from ethyl alcohol—water 
(2 : 3) to give O-triformylcholic acid (0-95 g.). With 76, 82, and 92% formic acid the yield of triformyl- 
cholic acid was, respectively. 71-3, 79-6, and 85-5%. The product has m. p. 208—210° and [a]}? +83° 
. SS 178%). alcohol) (Found: C, 66-0; H, 7-9; -CHO, 17-3. Calc. for C,,H,,O,: C, 65-85; H, 8-1; 

, ‘o/* 

Methyl Ohibfermyicholate. A solution of methyl cholate (1 g.) in freshly distilled formic acid (70%, 
8 c.c.) containing perchloric acid (6N; 0:1 c.c.) was treated as above. Recrystallisation of the crude 
product from methyl alcohol gave fine needles of methyl triformylcholate (0-98 g.), m. p. 150—152°, 
la] +75-9° (c, 0-9 in methyl alcohol) (Found: C, 66-1; H, 8-1; *CHO, 17-8. Calc. for CysH,,O, : 
C, 66-4; H, 8-3; -CHO, 17-2%). 

Triformylcholamide. The product obtained from the formylation of cholamide (0-5 g., m. p. 
104—105°) under the above conditions was recrystallised from a mixture of dioxan and light petroleum 
(1 : 1) to give triformylcholamide (0-53 g.), m. p. 186—187°, [a]?? +-79-3° (c, 0-8 in ethyl alcohol) (Found : 
‘CHO, 17-7. Calc. for C,,H,,O,N : *CHO, 17-7%), identical with the authentic specimen (m. p. 187°) 


Oo 
previously prepared (James, Smith, Stacey, and Webb, /., 1946, 665). 
O-Diformyldeoxycholic acid. A solution of deoxycholic acid (1 g.) in redistilled formic acid (70%, 








3438 Notes. 


15 c.c.) containing perchloric acid (6N.; 0-1 c.c.) was heated for 2-5 hours at 60° and then concentrated 
in vacuo at 40° to small bulk. The residual solution was poured with stirring into water (300 c.c.), 
and the resulting precipitate collected after 12 hours, washed with water, and dried in vacuo.’ The 
solid was crystallised with some difficulty from ethyl alcohol to yield O- -diformyldeoxycholic acid (0-74 g.), 
m. p. 193—196°, [a]?! > Oma (c, 0-6 in dioxan) (Found: C, 68-9; H, 8:7; -CHO, 12-2. Calc. for 
Cy.H,,O,: C, 69-6; H, 8-9; -CHO, 12-9%). It was identical with a specimen prepared by the method 
of Hoehn and Moffett “W. Amer. Chem. Soc., 1945, 67, 740).—CHEMIsSTRY DEPARTMENT, THE 
UNIVERSITY, EDGBASTON, BIRMINGHAM 15. (Received, September 23rd, 1949.] 











